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CALVIN CYCLE OR C3 CYCLE 
 

The term photosynthesis was coined by Barnes. Photosynthesis is an anabolic 
process which occurs in all green plants or autotrophs producing organic 
molecules from carbon dioxide (CO2).  

There are two stages of Photosynthesis – 

• Light-dependent reactions – It requires light and mainly occurs during the 
day time. 

• Light-independent reactions – It is also called the dark reaction or Calvin 
cycle or C3 cycle. This reaction occurs both in the presence and absence 
of sunlight. 

 Stroma is the site of dark reaction in photosynthesis.Dark reaction is also known 
as Blackman’s reaction or thermochemical reaction. 
The Calvin cycle was first observed by Melvin Calvin and his colleagues in the 
1950s. Calvin, Benson, and their colleagues took the help of paper 
chromatography and tracer technique (CI4O2) to unravel the pathway of CO2  

fixation in Chlorella and Scendesmus. Calvin was awarded Nobel Prize for this 
work in 1961. 
Through this cycle the NADPH and ATP produced in the light phase are used to 
convert CO2 into carbohydrate. 
  

Site of C3 CYCLE: 
All steps of this cycle operates in mesophyll cells of green plants. Three carbon 
product 3-phosphoglyceric acid is first stable product in Calvin cycle,that’s why 
it is also called C3 cycle.The Calvin cycle is also referred to as the reductive 
pentose phosphate (RPP) cycle. 

The reactions of Calvin’s cycle occur in three distinct steps. These steps are : 

1. Carboxylative steps 

2. Reductive steps 

3. Regenerative steps 

1) Carboxylative steps: 

In carbon fixation, a CO2 molecule from the atmosphere combines with a five-

carbon acceptor molecule called ribulose-1,5-bisphosphate (RuBP).The resulting 

six-carbon compound  then split into two molecules of the three-carbon 
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compound, 3-phosphoglyceric acid (3-PGA).This reaction is catalyzed by the 

enzyme RuBP carboxylase/oxygenase, also known as RuBisCO. 

a) Formation of 3- phosphoglyceric acid (3-PGA) 

            RuBP + CO2 + H2O                     3- phosphoglyceric acid (3-PGA) 

• Enzyme-RuBP Carboxylase 

 

b) Formation of I,3-Diphosphoglyceric acid 

                           3-PGA + ATP                                    I,3-DPGA + ADP 

• Enzyme-Phosphoglyceric kinase 

2) Reductive steps:  

In the second stage of the Calvin cycle, the 3-PGA molecules created through 

carbon fixation are converted into molecules of a simple sugar – glyceraldehyde-

3 phosphate (G3P). 

This stage uses energy from ATP and NADPH created in the light-dependent 

reactions of photosynthesis. In this way, the Calvin cycle becomes the way in 

which plants convert energy from sunlight into long-term storage molecules, 

such as sugars. The energy from the ATP and NADPH is transferred to the sugars. 

This step is called “reduction” because NADPH donates electrons to the 3-

phosphoglyceric acid molecules to create glyceraldehyde-3 phosphate.  

a) Reduction of  I,3-Diphosphoglyceric acid 

I,3-Diphosphoglyceric acid                   Glyceraldehyde-3 phosphate  

      + NADPH2                                                      + NADP 

• Enzyme:G3Pdehydrogenase  



 

 

3) Regenerative steps: 

Some glyceraldehyde-3 phosphate molecules go to make glucose, while others 

must be recycled to regenerate the five-carbon RuBP compound that is used to 

accept new carbon molecules. 

The regeneration process requires ATP. It is a complex process involving many 

steps.Because it takes six carbon molecules to make a glucose, this cycle must 

be repeated six times to make a single molecule of glucose. 

To accomplish this equation, five out of six glyceraldehyde-3 phosphate 

molecules that are created through the Calvin cycle are regenerated to form 

RuBP molecules. The sixth exits the cycle to become one half of a glucose 

molecule. 

a) Fate of Glyceraldehyde-3-phosphate molecules 
 
                                      Glyceraldehyde-3-phosphate(G3P) 
 
 
 
 
 
 
 

   I                     I                                                               I                I 
 DHAP               DHAP 
  

                                                                                   For synthesis of starch and then 
goes to cytoplasm or chloroplast 

 for synthesis of sucrose 
 
 
 
 

b) Condensation between DHAP and Glyceraldehyde-3-phosphate 
  
Glyceraldehyde-3-phosphate +                                  fructose-I,6-Diphosphate 
 dihydroxyacetone phosphate 



 

 

 

• Enzyme: Aldolase 
 

c) Formation of fructose-6-phosphate 
 
fructose-I,6-Diphosphate  + H2O                      Fructose-6-phosphate  + H3PO4 
 

• Enzyme: Phosphatase 
  

d) Condensation between Fructose-6-phosphate   and Glyceraldehyde-3-
phosphate 

 
Fructose-6-phosphate   +                                        Erythrose-4-phosphate + 
 Glyceraldehyde-3-phosphate                                   Xylulose-5-phosphate 
 

• Enzyme: Transketolase 
 

e) Reaction between Erythrose-4-phosphate and Dihydroxyacetone 
phosphate 

 
Erythrose-4-phosphate +                                        Sedoheptulose-I,7diphosphate 
 Dihydroxyacetone phosphate 
 

• Enzyme: Aldolase 
 

f) Hydrolysis of Sedoheptulose-I,7-diphosphate 
 
Sedoheptulose-I,7-diphosphate  +                         Sedoheptulose-7-phosphate 
                      H2O  

• Enzyme: Phosphatase 
 

g) Reaction between  Sedoheptulose-7-phosphate   and    Glyceraldehyde-
3-phosphate  
   

Sedoheptulose-7-phosphate +                          Xylulose-5-phosphate +      
 Glyceraldehyde-3-phosphate                                 Ribose-5-phosphate 
 

• Enzyme: Transketolase 
 

h) Isomerization of xylulose-5-phosphate and Ribose-5-phosphate 



 

 

 
xylulose-5-phosphate +                                      Ribulose-5-phosphate 
    Ribose-5-phosphate 
 

• Enzyme: Isomerase 
 

i) Phosphorylation  of  Ribulose-5-phosphate 
 
Ribulose-5-phosphate + ATP                     Ribulose-I,5-diphosphate 
 

• Enzyme: Ribulosephosphatekinase 
 

 
                                                     Figure: Calvin Cycle 
 
 



 

 

Calvin Cycle Products: 

Each turn of the Calvin cycle “fixes” one molecule of carbon that can be used to 

make sugar. 

It takes three turns of the Calvin cycle to create one molecule of glyceraldehyde-

3 phosphate. 

After six turns of the Calvin cycle, two molecules of glyceraldehyde-3 phosphate 

can be combined to make a glucose molecule. 

Each turn of the Calvin cycle also uses up 3 ATP and 2 NADPH in the processes 

of reducing (adding electrons to) 3-phosphoglyceric acid to produce 

glyceraldehyde-3 phosphate, and regenerating RuBP so that they can accept a 

new atom of carbon from CO2 from the air. 

This means that to produce a single molecule of glucose, 18 ATP and 12 NADPH 

are consumed. 
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