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higher C3 plants using 18O and mass spectrometry
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During C3 photosynthesis, CO2 and O2 are respectively fixed by the carboxylase and by the
oxygenase activities of Rubisco. Partition of reducing power between CO2 and O2 depends
both on the specificity factor of Rubisco and on the relative CO2 and O2 concentrations at the
catalytic site of the enzyme. Cc, the chloroplastic CO2 concentration is directly related to
resistance of leaves to CO2 diffusion. Variations in stomatal conductances have been widely
characterized based on transpiration measurements (1), but little is known concerning possible
variations in mesophyll resistance which have been suggested to occur in the case of a water
stress (2). Carbonic anhydrase, which catalyzes the reversible hydratation of CO2, is the
second most important chloroplastic protein after Rubisco. Despite its relative abundancy, the
physiological role of this enzyme during C3 photosynthesis has not yet been elucidated (3). It
is believed that carbonic anhydrase facilitates CO2 diffusion during CO2 assimilation, but direct
evidence for such a role is lacking. In the present study, we use 18(>2 and mass spectrometry to
/. measure the photorespiratory O2 consumption in plants ii. determine, using a biochemical
model, the actual CO2 concentration at the Rubisco level and Hi. evaluate the effect of a water
stress on the leaf resistance to CO2 diffusion. By another way, we determine the carbonic
anhydrase activity of leaves by following l 8O atom exchange between 18O-enriched CO2 and
H2O, and we study the effect of its inhibition by ethoxyzolamide on the photosynthetic O2
exchange properties.
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Increasing CO2 concentrations diminished O2 uptake and stimulated net O2 evolution rates
measured using 18C>2 and mass spectrometry in Sola/mm tuberosum leaf discs (Fig. 1A), thus
reflecting the competition between CO2 and O2 at the Rubisco level. In response to a moderate
leaf dehydration (relative water deficit of about 30%), net O2 photosynthesis measured at sub-
saturating CO2 levels (< 0.2% CO2) was severely inhibited, but was restored by increasing
CO2 concentration (up to 4% - see Fig. IB). The chloroplastic CO2 concentration at the
Rubisco level (Cc) was calculated from O2 exchange data both in well-hydrated and
dehydrated leaves using a biochemical model derived from that described in ref. (2). Assuming



that i. the specificity factor of Rubisco was unaffected by desiccation and ii. that the CO2-
dependent component of O2 uptake was essentially related to the photorespiratory process, we
find that the relationship between net O2 photosynthesis and Cc is not modified by dehydration
(Tourneux and Peltier, submitted). We conclude that the main effect of a mild water deficit is a
decrease of the CO2 concentration at the Rubisco level, which, in conditions where the
intercellular CO2 concentration remains little affected by water stress (1) could be explained by
an increased mesophyll resistance.
Carbonic anhydrase, by catalyzing hydration-dehydration of CO2, causes the exchange of
oxygen atoms between CO2 and H2O. This property has been used to measure the activity of
carbonic anhydrase by following unlabelling of exogenous 13CO2 enriched with 18O (4).
Experiments have been performed on
Commelina comrmmis L. leaves, whose
epidermis has been removed. By using a gas
diffusion model to interpret the kinetics of 0
exchange between CO2 and H2O (4), we
determine two constants, one k, related to
oxygen atom exchange between CO2 and H2O
and the other, ke related to the diffusion of CO2
from the gas phase to the catalytic site of
oxygen atom exchange. Ethoxyzolamide (EZA),
a powerful inhibitor of carbonic anhydrase,
inhibited the isotope exchange constant (k) by
more than 97% at a concentration of 2. 10*4 M
and had no significant effect on ke, the CO2

diffusion constant (Fig. 2). This result clearly
shows that k, measured in intact leaves, is
directly related to the activity of carbonic
anhydrase. Inhibition of carbonic anhydrase by
EZA (lO"4 M) had little effect on Cc calculated
from O2 exchange data using 18O2 and mass
spectrometry as described above (data not
shown).
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Fig. 2 : Effect of ethoxyzolamide (EZA) on
kinetics parameters of 1 8 0 exchange between
C02 and H20 measured by mass
spectrometry in Commelina communis leaves
after stripping the epidermis. (•) : k, constant
rate of 0 atom exchange between C02 and
H20; (O): ke, diffusion constant for C02 .

CONCLUSION. Our results show that leaf resistance to C02 diffusion is strongly increased in
response to a mild water stress. By another way, strong inhibition of carbonic anhydrase
activity by EZA has little effect on the diffusion of CO2 in well-hydrated leaves, thus leading to
the conclusion that during normal conditions of photosynthesis, carbonic anhydrase activity
does not participate to C0 2 fixation. This conclusion agrees with recent data obtained on
transgenic tobacco whose carbonic anhydrase level has been decreased using antisense
constructs (5). 1 80 labelling of 0 2 and of CO2, associated to mass spectrometry, provides
useful informations concerning the functioning of photosynthesis in intact leaves and can be
used to follow regulations of mesophyll resistance and carbonic anhydrase activity in response
to various environmental conditions.
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