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Thee uptake of CO2 from the atmosphere is a process that is vital for 

autotrophicc photosynthetic organisms, since this molecule is their only source of 

carbon.. However, the key enzyme in the carbon fixation process, ribulose 

bisphosphatee carboxylase, Rubisco in short, has a low affinity for CO2. This 

enzymee binds CO2 to ribulose-Ps resulting in two molecules of D-glycerate-3-P, 

whichh are used as building blocks for other organic components in the cell. The 

enzymee also has oxygenase activity which becomes predominant when the CO2 

concentrationn is low. It then binds oxygen instead of CO2 so that net fixation of 

CO22 no longer takes place. Aquatic photosynthetic organisms have an additional 

problemm when compared to terrestrial plants, namely the slow diffusion of CO2 in 

waterr and its hydration to HCCV in alkaline conditions. This limits the supply of 

CO22 to the cell. 

Itt is presumed that since the time photosynthetic organisms evolved, the CO2 

levell in the atmosphere gradually decreased to its present level of 0.035%. This 

implicatess that these organisms had to adapt to this lower level of CO2. One of 

thee outcomes of this evolutionary process could be the mechanism, found in 

aquaticc phy top lank ton, to concentrate the CO2 near Rubisco, the so called Carbon 

Concentratingg Mechanism (CCM). It is composed of transporters for the 

inorganicc carbon species C0 2 and HCO3- (Ci) in the different cellular membranes, 

togetherr with the presence of carbonic anhydrases (CA) which catalyze the 

interconversionn between C0 2 and HCO3-. The characterization of this CCM is the 

focuss of this thesis. 

Twoo distinct fresh-water algae were used, Tetraedron minimum, an alga which 

livess under slightly alkaline conditions, and a species of Chlamydomonas which 

livess under neutral or weak-acidic conditions, and in which several components of 

thee CCM have already been well studied. Both algal species have a CCM which is 

activatedd after shifting the cells from high (5% CO2 in air) to low (0,035% CO2 in 

air)) Ci levels, and which is turned on in a similar time span of about 4 hours 

(Chapterr 2). This implicates the induced synthesis of an external carbonic 

anhydrasee and high affinity transport systems for both CO2 and HCO3-. 

Itt was found that T. minimum has a preference for bicarbonate, which 

constitutess roughly 70% of the total inorganic carbon taken up. C. noctigama on 

thee other hand, has a higher preference for CO2 which amounts to about 60% of 

thee Ci (Chapter 2). This preference is reflected by the active transport 

mechanismss on both the plasma membrane and the chloroplast membrane level 
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(Chapterr 3). The maximum rate of Ci transport is lower over the chloroplast 

membranee then over the plasma membrane, while the affinity for the different Ci 

speciess is roughly the same, suggesting that the uptake of Ci by the chloroplast is 

thee rate limiting and carbon species determining step in the CCM. This 

preferencee for bicarbonate in the chloroplast, taken together with the presence of 

ann active transport mechanism for both bicarbonate and CO2, may also be the 

reasonn for the high level of non-bound Ci found in T. minimum (Chapter 2). The 

bicarbonatee might be transported into the chloroplast at a higher rate than it is 

metabolized,, so that a reservoir of inorganic carbon is formed. 

Rubiscoo is located on the stroma side of the thylakoids. The pH of the stroma is 

aroundd 8, which would put the equilibrium of CCVHCGr to the bicarbonate side, 

whichh is not the carbon species which Rubisco is able to use. To rationalize this, 

previouss models showed an active pumping of HCO;r into the lumen of the 

thylakoidss by means of a putative HCO3- transporter near photosystem II (PSII). 

Thiss transporter would be coupled to either the electron or proton gradient to 

energizee this transport. The lumen side of the thylakoids is around pH 5 upon 

illumination,, so all the bicarbonate which enters the lumen is dehydrated to CO2 

withh the help of a thylakoid-bound CA. This CO2 would then diffuse out of the 

lumenn into the stroma were Rubisco could use it for carbon fixation. In Chapter 4 

wee show the presence of such a thylakoid-bound CA in both T. minimum and C. 

noctigama,noctigama, closely associated with PSII. This is in accordance with the model. In 

Chapterr 5, however, we show that in isolated thylakoid membranes no CO2 efflux 

norr bicarbonate influx occurs upon illumination. These membranes were found to 

bee intact and able to produce both oxygen and ATP. Since in the models 

formulatedd so far the lumen CA generates the CO2 for Rubisco, one would expect 

ann efflux of CO2 out of the lumen when the thylakoids are Uluminated. There 

was,, however, in isolated thylakoids a correlation between the presence of a 

lumenn CA with the ability to generate ATP. In isolated thylakoids of a C. 

reinhardtiireinhardtii CW15 mutant, which lacks the lumen CA, less oxygen was produced 

comparedd to wild type, and no ATP was generated when supplied with a low 

amountt of Ci. Taken together with the fact that this mutant is not able to grow 

underr low CO2 conditions, this strongly suggests that the lumen CA is involved in 

regulatingg photosynthetic activity, and may not be part of the CCM. PSII has 

bicarbonatee binding sites on both the lumen and the stroma side and it is 

suggestedd that both must be occupied for a fully functional PSII. Since the pH on 

thee lumen site is relatively low, there would be very little HCO3" present, if any, 

forr binding to PSII, resulting in a partially active PSII. An increase of pH (due to 
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ATPP synthesis) would yield additional HCO3- (catalyzed by the luminal CA) to 

activatee PSII. In this way electron transport, ATP synthesis and CO2 availability 

cann be envisaged as coupled processes, with the luminal CA playing a central 

role. . 

Thee CO2 concentrating mechanism seems not to be very different in T. minimum 

andd C. iioctigama. Both species have the same components of this mechanism, 

activee transport of inorganic carbon species over both the cell and the chloroplast 

membrane,, coupled with the presence of various carbonic anhydrases, both inside 

andd outside the cells. They all seem to be closely regulated by the amount of Ci 

whichh is available to the cells. Some variations on the common theme were 

observedd between the two species, concerning the type of carbon which is taken 

upp and the speed by which this is done. T. minimum has an active pumping 

mechanismm for bicarbonate, it also has a relatively efficient Rubisco. Under high-

CO22 conditions the active transport of Ci has roughly the same affinity for CO2 as 

Rubiscoo (Chapter 3). So activation of a CCM would not be necessary. However T. 

minimumminimum mainly takes up HCO3", even under high [CO2]. This would result in a 

higherr concentration of Ci around Rubisco than is necessary at high-C02 levels. 

Thiss might result in an increased discrimination of the enzyme for 12C over ,3C, 

resultingg in a change of the 13C/12C ratio. Also under low-Ci conditions, when the 

CCMM in this species is activated including high affinity bicarbonate and CO2 

uptakee mechanisms, the availability of CO2 for Rubisco might be high. It is 

reasonablee to assume, therefore, that this species has a 13C/12C ratio which is 

quitee different from that of a species which absorbs mainly CO2 and has a less 

efficientt Rubisco, and which at least under high-CC>2 conditions has a more 

limitingg availability of substrate for Rubisco. This thesis provides a general 

picturee of the CCM in both species, showing all the major components. The 

carbonn uptake seems to be closely associated with the activity of the 

photosyntheticc processes, relating the need for Ci with the energy produced. In 

thiss way it seems likely that the availability of Ci is of great importance, direct or 

indirect,, for other uptake and metabolic processes in the cells. Further studies 

aree necessary to determine the exact regulation of the carbon uptake, and 

especiallyy the way the cell sense the availability of Ci. 
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