
Metabolomics 

Functional Plant Leaf Anatomy: Stomata
CO2 Fixation Modes: C3/C4/CAM

Ecology of Gas Exchange

300358 UE Metabolomics, WSe 2018 
Stefanie Wienkoop, Lena Fragner, Martin Brenner, Wolfram Weckwerth, Gert Bachmann

For private use only! Plant Physiology



  

F: Clusiaceae

Explore the
Physiolome!

Clusia orthoneura 
(Porcelain Autograph Tree) © 2014 - Richard Lyons Nursery, Inc.
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Light Harvesting Molekules

For private use only!



Light Harvesting Molekules
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Chlorophyll Species
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Photosynthesis:
Primary Reactions: Light Harvesting
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CO2 – fixation – secondary Reaction



Enzyme Kinetics

Michaelis-Menten Equation
Substrate Concentration [CO2]
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CO2 Compensation Point

PHOTORESPIRATION

Net Photosynthesis

Net Respiration

PepC & 
RubisCO

 RubisCO



C3 Anatomy: A.t.
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C4 Anatomy: Maize
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Their vascular bundles are surrounded by two rings of cells; the inner ring, 
called bundle sheath cells, contains starch-rich chloroplasts lacking grana, 
which differ from those in mesophyll cells present as the outer ring.



CO2 Gas Exchange Measurement 
(IRGA)





C4 Chloroplast Adaptations
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Chloroplast Dimorphism
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MAIS –C4
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C3 C4: d13C https://de.wikipedia.org/wiki/%CE%9413C

 13C-Discrimination of PEPC: 
  the more negative the d13C, the more At%13C



Single Cell C4- Photosynthesis
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CAM: crassulatian acid metabolism

Inhibition of RUBISCO by 
Light or Oxygen ?



CAM:
 
diurnal 
change
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Single Cell C4- Photosynthesis in CAM ?

© Gert Bachmann 2018



  

Interaction Plot 2017
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Interaction Plot 2016
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Interaction Plot 2014
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Interaction Plot 2015
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C3 C4 CAM
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1 g dry massC4:

C3: 1 g dry mass

250 ml water

500 - 750 ml water

C3 plants cannot grow in hot / dry areas because RuBisCO incorporates 
more oxygen into RuBP as temperatures increase.... 

C4 plants cannot grow in dark and cold places as they need much more light 
to survive

...at ~ 40°C !
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PHAR °C A CO2 
µM

G H2O 
mM

WUE ETR LUE

C3_Bean 600 23 6 150 25000 200 33

C3_Raph 400 23 7.5 150 20000 90 12

C4_Zea_Sach 400 23 4 100 25000 300 75

CAM_Clusia h. 500 23 1 15 15000 20 20



C3 C4 CAM
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C3 C4 CAM Why be efficient? A question for C4 plants

“Some of the characteristics of C4 are a bit mythological. For example, 
although C4’s can have higher photosynthetic nitrogen use efficiency, many 
C4’s have high tissue N concentrations and many C3’s have as low an N 
concentration as the lowest C4. Not everything about plants is destined from 
photosynthetic properties”. (and not all can be learned from A.t)

→ Efficiency at high light and temperature is not a complete advantage 
for C4 Plants, if it comes with much higher nutrition (H2O, N and light 
intensity) requirements.

C3:     cold adapted
C4:     heat adapted
CAM: drought adapted

“survival of the imperfect” 
(coined by Jörg Ott in the nineties)

http://wildplantspost.blogspot.co.at/2009/11/why-be-efficient-question-for-c4-plants.html
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