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Carbon fixation 

• carbon cycle

• removing CO2

• value-added
chemicals

• agricultural
improvements
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Natural pathways

• Calvin-Benson-Basham = reductive 
pentose phosphate pathway
• Aerobic
• Eukaryotes
• Rubisco

• Wood-Ljungdahl = reductive acetyl-CoA 
pathways (linear)
• Anaerobic
• Acetogens
• Methanogens

• reductive glycine pathway
• Glycine cleavage system (GCS)
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Natural pathways 
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• 3-Hydroxypropionate/4-
hydroxybutyrate (3HP/4HB) 
cycle
• Aerobic
• Bacteria

• Dicarboxylate/4HB cycle
• Anaerobic
• Archaea

• 3-HP bicycle
• Anaerobic
• Bacteria

• reductive TCA cycle
• Anaerobic
• Bacteria



4 Acetyl-CoA-succinyl-CoA carbon fixation
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1. 2-Ketoglutarate synthase
2. Isocitrate dehydrogenase
3. Pyruvate synthase
4. PEP carboxylase
5. Acetyl-CoA carboxylase
6. Propionyl-CoA carboxylase
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Synthetic pathways

“Better” pathways?

Measures of feasibility

- thermodynamics 
- kinetics
- topology
- efficiency
- oxygen-sensitivity
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shortest pathway
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Exploring carbon fixation chemical space
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re-write rules 
for carbon 
fixation

focus on acetyl-CoA-
succinyl-CoA pathways

NAD(P)H, CoA, 
Ferredoxin, ATP, Mg2+, 
biotin, TPP, PLP

HCO3-, CO2

focus on effective 
carboxylating enzymes

- PEPC
- Pyruvate synthase
- Crotonyl-CoA 

carboxylase/reduct
ase

MØD
Co-factors

Carbon source
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Thank you for your attention!
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