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Overview 

• Three stages:
• CO2 reduced to triose

phosphate 
• Uses ATP and 

NADPH from light 
reactions 

• Occurs in the stroma



CO2 + H2O (CH2O) + O2
+light

• Light energy converted to chemical energy 
of ATP and NADPH

• CO2 is reduced, water is oxidized
• Keq =10-496



Calvin-Benson cycle (C3 pathway) 

• Discovery 
• use of 14CO2 and the 

green alga; Chlorella 
• 2 sec exposure 
• 1st product a C3 acid 
• Researchers found a 

5 carbon acceptor 
molecule 

• Ribulose 1,5-
bisphosphate (RuBP) 



Stages of Calvin-Benson cycle 

• Three stages
• carboxylation 
• reduction 
• regeneration 



Carboxylation 
• Rubisco (large  subunits= 55kd and small sub-unit 13kd), 30% of total 

leaf protein
• coded by chloroplast (lg) and nuclear (small) genes 
• 16 sub-units (8 lg/8small) 
• spontaneous reaction no energy required, ∆G = -51.9 kJ/mol
• Maximal Catalytic rate = 3/s
• Km (CO2)= 12 um 
• forms 2 (3-PGA) 



Reduction 

• Two steps 
• Requires 2 ATP  & 

NADPH 
• Forms triose

phosphate 



Stage 3: Regeneration 
– reforms RuBP
– requires 1 ATP 
– Overall: 3 ATP/2 

NADPH



Summary



Regulation of Calvin Cycle

• Rubisco 
• light activates electron transport 
• pH stroma goes up from 7 8
• Mg2+ increases in stroma
• NADPH allosteric activator 
• Rubisco Activase catalyzes carbamate formation

– CO2 required 



Regeneration Enzymes
• Light activated 

through PS I 
• Ferrodoxin-

Thioredoxin
• Gly 3-P 

dehydrogenase
• FBPase
• Sedoheptulose 1,7 

Bis phosphotase
• Ribulose 5-P kinase 





Photorespiration 
• React w/O2 
• Km (O2) = 250 um 
• Atmosphere = 21% O2
• CO2 limiting conditions: 

such as drought, high 
temperatures

• Three organelles 
• chloroplast 
• mitochondria 
• peroxisome
• loss of fixed CO2



Photorespiration



Adaptations to limited CO2

• C4 pathway: C4 acid 1st 
product 

• Discovered by Hatch and 
Slack in sugar cane

• Shuttle system 
• PEP carboyxlase
• Increase CO2 at site of 

Calvin cycle 
• Under high light/high 

temperature conditions 



C4 pathway



Reactions



Energetics



Regulation

• Thioredoxin: NADP: malate 
dehydrogenase

• PEP carboxylase: covalent modification by 
phosphorylation/dephosphorylation; 
regulated by phosphorylation by PEP 
carboxylase-kinase to make active 

• Pyruvate Pi dikinase: ADP-dependent 
phosphorylation when light intensity drops



Crassulacean Acid Metabolism
• Initial CO2 fixation step 

which occurs at night.  
• After the initial 

carboxylation, malic acid 
(the first stable product after 
fixation) is then sequestered 
into the central vacuole 
during the night period.

• In the following light period, 
the stomata close and the 
malic acid returns to the 
cytoplasm for 
decarboxylation. 

• The released CO2 is then 
assimilated through the C3
pathway.  



Pathway



& Regulation


