
6

3

1

2

5

4

6

3 12

5

4

6

3 12

5

4

6 3 125

4

3 12

3 12

3 12

3 12

Pyruvate

PEP

2-PG

3-PG

1,3-BPG

3 12

G3P / GAP

DHAP

1

32 x

5

2 1

CS

3 12CoA-S

1 32 x

Citrate

6

43 52 1

6

43 52 1

43 52 1
3

5

2 1 4

32 1 4

32 1 4

OAA      
First Turn

L-Aspartic Acid

4

3

5

2 1

ACO1/2

IDH1/2

OGDH
SUCLA1

SDH 
(A,B,C)

FA

NAD+

NADH
ETC

2-OG

Isocitrate

Succinate 
1st Turn

Fumarate 
1st Turn

32 1 4

2 31 4

OAA

CS
2nd turn

Glutamate 
1st  Turn

Malate 1st 
Turn

2 31 42 31 4

1st Turn

Glucose-6-phosphate

Fructose-6- 
Phosphate

Fructose-1,6-bisphosphate

Fatty Acid 
Synthesis

6

3

1

2

5

4

Glucose-1-phosphate

631 2 54

6-Phosphogluconate
6PG

63

1

2 54

Ribulose-5-Phosphate

632 54

Xylose-5-Phosphate

632 54

Ribose-5-Phosphate

632 54

Sedoheptulose-7-Phosphate

63

2

54

Erythrose-4-Phosphate

2

632 54

PRPP

5-Carbon 
Sugars

7-Carbon 
Sugars

4-Carbon 
Sugars

Aromatic 
Amino Acids

Vit B6

Purine 
Synthesis

NAD+ 
synthesis

L-Aspartic Acid

L-Aspartic Acid L-Aspartic Acid

Malate 1st 
Turn

Proline
1st turn

6

3

1

2

5

4

Glucose

NADPH

OAA

PDH

1

12 2

5

2 1
1 32 x

Citrate

OAA

M+4

M+2

1

12 22 1
ACO1/2

Isocitrate

M+4

M+2

Lactic Acid

Text

Alanine

43 52 1

32 1 4

32 1 4

M+2

M+2

M+2
M+2

M+2

12CoA-S

1

12 2

5

2 1

Citrate

M+4

43 52 1

2-OG

M+3

32 1 4 Succinate
2nd Turn

M+3

M+3

M+3

M+3

43 52 1

4

3

5

2 1

Glutamate 
2nd Turn

Proline
2nd turn

M+2

M+2

43 52 1

M+2

Glutamine 
1st  Turn

M+4

M+4

TATP
ADP
AMP

M+5

M+6

1

12 2

5

2 1

M+4

Serine Glycine

M+3

M+3 M+2

SAM
SAHM+5

M+2

Fumarate 
2nd Turn

Malate 2nd 
Turn

M+3M+3

3 12 4

OAA

3 12 4

L-Aspartic Acid

CO2M+3

M+3

TCA Cycle

M+4

Anaplerotic 
Pathway

Anaplerosis is obligatory during both 
gluconeogenesis and lipogenesis  
when malate (gluconeogenesis) or 

citrate (lipogenesis) leaves the  
mitochondria and is further 

metabolized to form glucose or fatty 
acids,  respectively, may be 

activated under oxidative stress or 
limiting glucose or to replenish TCA 
intermediates under high biomass 

production

13 2 4
M+3

Succinate export - 
succinate induces 

transition of skeletal 
muscle fiber

Malic acid

Reverse Format to succinate can 
occur (anerobic) under starvation 

or hypoxia

13C-6 
Glucose

D-Glucose-13C6

Glycolytic Pathway
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