
The flows of carbon are central to the cycles of life.  Any story on the biosphere 
must include a thorough description and understanding of the carbon cycle 
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These are some general big questions. Can you think of others pertaining to the 
carbon cycle and your interests 
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Let’s start with carbon assimilation by leaves.   
 
Leaves have many sizes and shapes, but their jobs are essentially the same: to be a 
vehicle for housing chloroplasts and chlorophyll, act as organs that intercept 
sunlight, while providing an architecture that facilitates the diffusion of CO2 to the 
site of carbon fixation, yet provide structures, like waxy cuticle and stomatal pores 
that prevent water to be lost to the atmosphere 
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There are 3 major biochemical pathways for fixing CO2 by plants. The most 
abundant is the C3 pathway which uses the Calvin-Benson cycle (developed here at 
Berkeley, for which Melvin Calvin won a Nobel Prize, and Andrew Benson did not). 
 
The C4 pathway is associated with many tropical grasses and is most efficient in 
warmer temperatures and during periods with low O2.  It evolved about 10 Million 
years ago 
 
CAM pathway is associated with cactus and pineapple.  It is an efficient path to 
conserve water as stomata remain closed during the day while the plant captures 
light energy, then dark reactions proceed at night when the transpiration demand is 
less. 
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An example of the stoichiometry of the photosynthetic carbon reduction (PCR) and 
the photosynthetic carbon oxidation (photorespiration cycles). In this case, it is 
scaled with in an input of 3 CO2 molecules 
 
The enzyme ribulose-1,5-bisphosphate carboxylase (Rubisco) catalyzes the reaction 
between gaseous carbon dioxide and ribulose-1,5-bisphosphate (RuBP).  
 
Product of the reaction are two molecules of 3-phosphoglyceric acid for each CO2 
molecule 
 
C5O3H8(PO4

2-)2 + CO2 -> 2 C3O3H4PO4
2- 

 

Chemical Energy (NADPH & ATP) is used to regenerate 
RUBP 
 
Resource: von Caemmerer. 2000. Biochemical models of leaf 
photosynthesis, CSIRO Publishing 
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We can observe the structure of Rubisco with X ray chrystallography.  It has an 
affinity to either CO2 or O2.  
 
The enzyme RuBisCO comprises 16 subunits: 8 small and 8 large units.  The small 
units influence the stability and specificity of the large units, whereas the large units 
are the actual production sites. The interconnectivity affects catalysis, either in 
specificity or catalytic rate. (source: http://xray.bmc.uu.se/~michiel/research.php) 
Plants invest large amounts of nitrogen in Rubisco; it comprises more than 50% of 
leaf protein in C3plants 
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https://upload.wikimedia.org/wikipedia/commons/thumb/8/8e/Calvin-cycle4.svg/
981px-Calvin-cycle4.svg.png 
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RUBISCO has an affinity for both CO2 and O2, with the later 
leading to photorespiration, a loss of CO2. The rate of 
competitive oxygen fixation is a proportional to the oxygen 
concentration time the ratio of oxygenation (Vo) to 
carboxylation (Vc).  At ambient conditions Vo/Vc is about 0.27 
(2 times the CO2 compensation point divided by CO2; ~ 2 x 
38/280).  In practice for each CO2 consumed by carboxylation 
0.5 CO2 times Vo/Vc are lost by photorespiration; hence the 
amount of photorespiration decreases as CO2 concentrations 
increase. 
 
Theta is the ratio of the oxygenation (Vo) to carboxylation (Vc) 
rates. 
 
 
 

9 



10 



C4 leaves have a unique anatomy, bundle sheaths 
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The enzyme PEP Carboxylase catalyzes a reaction between CO2 and 
phosophenolpyruvate (PEP) to form a C4 compound, OAA 
The C4 compound is transported into the specializes cells, the bundle sheaths, and is 
decarboxylated 
CO2 is released into a low oxygen environment and photosynthesis is completed via 
the C3 cycle  
Photorespiration is low; RUBISCO favors CO2 in this environment because the ratio 
between CO2:O2 is high 
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Photosynthesis responds to changes in light and CO2 because it is a balance between 
Supply and Demand 
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Under ample light, the carboxylation rate is limited by CO2 and follows the RuBP-
saturate rate of Michaelis-Menton enzyme kinetics. 
Under ample CO2, the carboxylation rate is limited by light, which provides the 
electrons to ATP and NADPH to regenerate RuBP. 
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The response curve between photosynthesis and CO2 experiences several key states 
and a non-linear, saturating response. 



The response curve between photosynthesis and light also experience a non-linear 
response and key states 
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Explains why C4 grasses advanced during the ice age.. 
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This lecture will cover material spanning ideas on how leaves assimilate carbon and 
how we produce integrated information at the ecoystem scale and how this 
integrates to over year and across the globe 
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Classic carbon balance of an ecosystem. Know sources and sinks of carbon 
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Key terms to understand regarding gross and net carbon fluxes and their sources and 
sinks 
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What the terms mean. Know the difference between autotrophic respiration 
(respiration by self-feeders, like plants) and heterotrophic respiration (respiration by 
microbes, fungi, animals) 
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Visual graphic of the flows of carbon in and out of the biosphere.  The thickness of 
the arrows gives you relative sense of the magnitudes of the in and out fluxes. 
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Temperature drives soil respiration, but so do other factors like leaf area, metabolic 
activity 
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Soil dryness reduces soil respiration 
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Soil respiration scales strongly with C inputs, eg NPP.  Most productive systems 
have the greatest soil respiration 
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