
Last step: 
Regeneration 
of RuBP:

Lot’s of 
shuffling.

Bottom line: 
takes 1 ATP 
per RuBP

Stoichiometry and energetics of 
Photosynthetic Carbon Reduction.

1. Stoichiometry of RuBP regeneration
2. Stoichiometry of the full Calvin Cycle

1. Stoichiometry of RuBP regeneration

Recall the fixation of 6 
CO2’s leads to 12 
Triose P, of which 10 
are used for RuBP 
regeneration.

5RuBP + 5CO2 + 9H2O +16ATP + 10NADPH -> 6RuBP + 
14HOPO3- +6H+ + 16ADP + 10NADP+

Thus, more substrate is created than consumed. Importance 
for induction time for photosynthesis.

2. Stoichiometry of the full Calvin Cycle

6CO2 + 11H2O + 12NADPH + 18ATP -> fructose-6P + 12NADP+

+ 6H+ + 18ADP + 17Pi

•Phosphorous ‘given 
back’ to pool after 
fructose is converted 
to sucrose.

•Each CO2 fixed costs 
3 ATP and 2 NADPH



2. Stoichiometry of the full Calvin Cycle
The stoichiometry allows us to compute the energy 
effficiency of the calvin cycle:

1 mole of fructose when burned yields 2804 kJ

PCR consumes 12 x 217kJ/mol NADPH + 18 x 29kJ/mol ATP = 
3126 kJ

Efficiency = 2804/3126 kJ/kJ = 90%  

Pretty efficient!

Environmental Influences on Photosynthesis

1. Water
2. Light
3. Temperature
4. Atmospheric CO2
5. Nutrients

Environmental Influences on Photosynthesis

While we will be discussing the independent 
impact of variation in these environmental 
variables, in most cases they are 
interacting.

For example, temperature influences CO2 vs. 
O2 fixation in the Calvin Cycle, but also 
impacts supply of water regulating stomatal 
control of CO2 uptake.

Environmental Influences on Photosynthesis

1.  Water availability and photosynthesis: 
multiple 

- Drought reduces photosynthesis by closing stomates (to be 
discussed in much further detail later)

- Drought reduces photosynthesis by directly impacting the 
Calvin Cycle independent of stomatal closure (Tezara et 
al. 1999)

- Since we just finished with the Calvin Cycle, let’s take a look 
at water availability impacts on it.



Tezara et al. 1999: Drought stressed 
sunflower Plants

- ‘over-rode’
effects of stomatal 
closure on CO2 
limitation to 
photosynthesis

- were thus able to 
focus on 
performance of 
the light reactions 
and Calvin Cycle

What they did:

1. Grew a bunch of sunflower plants
2. Measured photosynthesis with super-

saturating CO2 levels, at various levels of 
leaf water stress.

3. Measured Rubisco, RuBP, PGA, ATP 
concentrations.

What they found:

1. Photosynthesis 
declined with 
increasing leaf 
water stress, 
even when CO2 
levels were 
saturating.

What they found:

2a. Rubisco was not 
affected, but ATP 
synthase was.

2b.   RuBP declined 
sharply.

2c.  PS declined sharply, 
while Rubisco activity 
declined only at high 
stress.

2d.  ATP declined.



What they interpreted:

- ATP synthase structure and function may be altered by 
large ionic concentrations (particularly Mg2+) which are 
associated with cellular dehydration.

- It is not the Calvin cycle per se that loses function, but 
the ATP fuel supply driven by the light reactions that 
puts a brake on the Calvin cycle.  (If the Calvin cycle 
itself were the problem, then we might expect ATP levels 
to build rather than deplete).

Bottom line:

- There are clearly direct impacts of water stress on the 
photochemistry of photosynthesis.

- What about stomata?


