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D-Glucose

β-D-Glucose-6-PO4

Glyceraldehyde-3-PO4 + Dihydroxyacetone-PO4

D-Fructose-1,6-PO4

D-Fructose-6-PO4

1,3 bis-PO4-Glycerate

3-PO4-Glycerate

PO4-enol-pyruvate

2-PO4-Glycerate

Glycerate

Glucose-1-PO4

D-Glucosamine 6-PO4

N-acetyl-D-glucosamine 6-PO4

CoA

NAD

NADH

ADP

ATP

acteyl-CoA

1,37

2

3

4
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8

9

10

Mannose-6-PO411
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13

14

1. glucokinase
2. glucose phosphate isomerase
3. pyrophosphate-dependent phosphofructokinase
4. fructose bisphosphate aldolase
5. triosephosphate isomerase
6. glyceraldehyde 3-phosphate dehydrogenase
7. phosphoglycerate kinase
8. phosphoglyceromutase
9 . enolase
10. glycerate kinase
11. phosphomannose isomerase
12. glucosamine 6-phosphate deaminase
13. glucosamine 6-phosphate N-acetyltransferase
14. phosphoglucomutase
15. maltose O-acetyltransferase
16. phosphoacetylglucosamine mutase
17. UDP-N-acetylglucosamine pyrophosphorylase
18. UDP-N- acetylglucosamine 4’ epimerase
19. galactokinase
20. UDP-glucose 4’ epimerase
21. galactose mutarotase
22. β-galactosidase
23. UDP-glucose-1 phosphate uridylyltransferase
24. glucose-6-phosphate 1-epimerase
25. fructokinase
26. glycogen synthase
27. glycogen phosphorylase
28. bifunctional glucose 6-phosphate 1-dehydrogenase / 
       6-phosphogluconolactonase
29. 6-phosphogluconate dehydrogenase (decarboxylating)
30. transketolase
31. ribose 5-phosphate isomerase
32. ribokinase
33. phosphoribosylpyrophosphate synthetase
34. ribulose phosphate 3-epimerase
35. deoxyribose-phosphate aldolase
36. α-galactosidase
37. ADP-speci�c glucokinase
38. β-hexosaminidase B (glycosyl hydrolase family 20)
39. α-amylase (glycosyl hydrolase family 13)

PPi

Pi

ATP

ADP

ADP  ATP

Glucose, pentose-phosphate and selected sugar metabolism

End product synthesis 
from pyruvate

Pyruvate Alanine

X= Ferredoxin or Flavodoxin

glutamate α-ketoglutarate

Acetate Acetyl CoA

acetaldehydeethanol

CO2CoA

 2X-               2X

ATP           ADP

CoA

NADH

NADCoA

NAD    NADH

H2O

NH4

NADH   NADPH

1

2

3

4

5

5

6

H2

maltose acetyl-maltose

CoAacetyl-CoA
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N-Acetylglucosamine 1-PO4

UDP-N-Acetylglucosamine

UDP-N-galactoseamine

NH3

UTP

N-acteylgalactoseamine synthesis

16

17

18

1. L-serine dehydratase
2. serine O-acetyltransferase
3. cysteine synthase A
4. sul�de dehydrogenase
5. serine hydroxymethyltransferase
6. glycine cleavage system
7. cystathionine β-lyase
8.  S-adenosylmethionine synthtase
9. tryptophanase

2

Sul�te

L-serine O-acetyl-
serine

L-cysteinePyruvate

NH3 CoA   Acetyl-CoA

1 3

Sul�de acetate

4

L-cystathionine L-homocysteine

Pyruvate

NH3

7

S-adenosylmethionineMethionine 8

ATP          PPi

5

Tryptophan, Serine, Glycine, Cysteine
and Methionine metabolism

glycine

CO2 + NH3

MTHF

THF

THF
NAD

NADH

6Trypthophan

Indole 
NH3

9

Intermediate pathways to pyruvate synthesis 
with amino acid fermentation

PO4-enol-pyruvate

Pyruvate

ADP    ATP

1

2 Oxoglutarate

Glutamate
2

Alanine

Malate

NADPH   NADP

Oxaloacetate

Aspartate

Asparagine

NH3

2 Oxoglutarate

Glutamate

NADH

NADCO2

3

4

5

6

1. pyruvate kinase
2. alanine transaminase 
3. malate dehydrogenase (decarboxylating)
4. malate dehydrogenase
5. aspartate transaminase
6. asparaginase
7. phosphoenolpyruvate carboxyphosphotransferase
8. pyruvate phosphate dikinase
9. asparagine synthase

CO2

Pi

PPi

Pi

AMP

ATP

7

8

α−D-galactosegalactose-1-PO4

ADP  ATP

19

UDP-galactoseUDP-glucose
20

β-D-galactose

21

Lactose

22

23
UTP

PPi

α-D-Glucose-6-PO4

24

D-Fructose
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Terpenoid biosynthesisActeyl-CoA + Acteyl-CoA

CoA-SH

Acetoacetyl-CoA

3-hydroxy-3-methylglutaryl-CoA

Mevalonic acid

Mevalonate-5 phosphate

Mevalonate-5 pyrophosphate

Isopentenyl-5 pyrophosphate

Dimethylallyl-pyrophosphate

Gernayl-pyrophosphate

Farnesyl pyrophosphate

ATP

ATP

1

2

3

4

5

6

7

8

1. acteyl-CoA acetyltransferase
2. hydoxymethylglutaryl-CoA synthase
3. 3-hydroxy-3-methylglutaryl-CoA reductase
4. mevalonate kinase
5. phosphomevalonate kinase
6. diphoshomevalonate carboxylase
7. isopentenyl-diphosphate delta-isomerase 1
8. farnesyl diphosphate synthase
9. unadecaprenyl pyrophosphate synthase
10. protein farnesyltransferase
11. farnesylated Protein Convering Enzyme 2
12. protein-S-isoprenylcysteine O-methyltransferase
13.  tRNA dimethylallyltransferase

8

9
8 isopentenyl phosphate

8 PPi

Undecaprenylphosphate

Protein-Cys

S-farnesyl-Protein

PPi

10

11

12
Protein C-terminal
S-farnesyl-L-cysteine

Protein C-terminal
S-farnesyl-L-cysteine
methyl ester

13

tRNA PPi

tRNA-6-dimethylallyladenosine

Glycogen/Starch

2627

GPI-anchor synthesis

1. phosphomannomutase
2. mannose 1-phosphate 
 guanylyltransferase
3. dolichol-phosphate-
 mannose synthase
4. GPI-anchor transamidase

Mannose-6-PO4

Mannose-1-PO4

GDP-Mannose

GTP

PPi

dolichol-PO4

GDP
Dolichol-Mannosyl-PO4

1

2

3

4
GPI anchor

Pantothenate CoA

coenzyme A biosynthesis

1
4’-phospho-
pantothenate

2
4’-phospho-
pantothenoyl-
L-cysteine

2
4’-phospho
pantetheine

3

CTP
L-cysteine

 CMP
  PPi CO2

dephospho-CoA
4

ATP           ADP ATP           ADPATP          PPi

1. pantothenate kinase
2. bifunctional phosphopantothenoyl decarboxylase - phosphopantothenate synthase

PRPP PPi

Adenosine Adenine AMP

Guanosine Guanine GMP

2

H2O           D-ribose

1,2

H2O           D-ribose

1. purine nucleoside phosphorylase
2. inosine-uridine nucleoside N-ribohydrolase
3. adenine phosphoribosyltransferase
4. guanine phosphoribosyltransferase
5. adenylate kinase
6. guanylate kinase

7. uracil phosphoribosyltransferase
8. UMP kinase
9. nucleoside diphosphate kinase
10. CTP synthase
11. cytidine deaminase
12. UMP-CMP kinase
13. uridine/thymine phosphorylase
14. cytosine deaminase
15. cytidine hydrolase

16. deoxyuridine 5’-triphosphate nucleotidohydrolase
17. deoxyguanosine kinase
18. deoxynucleosidase kinase
19. thymidine kinase
20. thymidylate kinase

3

               

4

5

ATP           

6

GTP           

2 ADP

2 GDP

GTP

ATP
9

Uracil UMP UDP UTP

Uridine

Cytidine

Cytosine CMP CDP CTP

7 8 9

10

9

11

12
13

14

15

9

9
12

Deoxycytosine

Deoxythymidine

Deoxyadenosine

Deoxyguanosine

dCTP

dTMP

dAMP

dGMP

20 dTDP19

17,18

17,18

17,18

dUTP
16

dUMP

Pyrimidine ribonucleoside scavening

Purine ribonucleoside scavening

Deoxynucleoside scavening

PRPP PPi

28
D-glucono-1,5-
lactone-6-PO428

6-phospho-D-gluconateD-Ribulose 5-PO4
29

D-Xylose-5-PO4

D-Ribose 5-PO4

D-ribose

PRPP

D-Erythrose 4-PO4

Glyceraldehyde 3-PO4

30

CO2

D-Sedo-hepulose-7-PO4

31

32

33

34

30

2-deoxy-D-ribose 5-PO4

2-deoxy-D-ribose

35

32

Lactose / 
Galactose utilization

Melibiose

36

3. phosphopantetheine adenylyl transferase
4. dephospho-CoA kinase

1. alanine aminotransferase
2. glutamate dehydrogenase
3. pyruvate ferredoxin:
 oxidoreductase (PFOR)
4. acetyl-CoA synthetase 
 (ADP-forming)
5. alcohol dehydrogase E
6. [FeFe]-hydrogenase

Arginine dihydrolase pathway 
and proline metabolism

1. arginine deiminase
2. ornithine carbamoyl transferase
3. carbamate kinase
4. ornithine cyclodeaminase
5. pyrroline-5-carboxylate reductase
6. ornithine decarboxylase

NH3

ADP

ATP

NH3

Arginine

Citrulline

Ornithine

Proline

1-pyrroline-5-carboxylate

NAD(P)

4

3

CO2+ NH3

Putrescine + CO2

1

2

NAD(P)H
5

Carbamoyl phosphate
6


