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Rapid CO, gas exchange by He&z&us leaves was analysed kinetically using a computer model which 
distinguished different components of the gas exchange by different time constants. A rapid phase of CO, 
uptake was ascribed to the solubilization of CO, in all leaf compartments and to the conversion of the 
dissolved CO, to HCO,- in the chloroplast stroma which contains carbonic anhydrase. From stromal 
HCO,- /CO, ratios the stroma pH of darkened leaves was estimated to be close to 7.5. Occasionally, values 
as high as 8 or as low as 7 were also obtained. If fast HCOSM formation also occurs in the cytosol, pH values 
may be lower by about 0.3 pH units than those calculated under the assumption that carbonic anhydrase is 
localized in chloroplasts only. Illumination with a light intensity close to saturation of photosynthesis caused 
an increase in CO, solubilization which indicated the alkalization of the chloroplast stroma by about 0.6 pH 
units. This is an underestimation, if the pH of cytosol decreases in the light liberating CO, by the action of 
carbon anhydrase. An alkalization of the stroma by 0.6 pH units indicates the export of about 450 nmol 

H ‘/mg chlorophyll from the stroma. This forms the basis of a large transthylakoid pH gradient which 
drives light-dependent ATP synthesis. A pH gradient between stroma and cytosol is capable of supporting 
secondary gradients between these compartments in the light, such as a gradient in the ATP/ADP ratio. On 
darkening, the stroma alkalization was reversed. The rate of stroma acidification was much higher in the 
presence of CO, than in its absence. 

Introduction 

Illumination of thylakoids isolated from green 
leaves results in an alkalization of the suspending 
medium and an acidification of the intrathylakoid 
space [l]. The transfer of protons into the 

thylakoids is coupled to light-dependent electron 
transport, and a proton gradient is established 
across the thylakoid membrane which together 
with a membrane potential constitutes the driving 

Abbreviations: Rbu-1,5-P, ribulose 1,5-bisphosphate; 3-PGA. 

3-phosphoglycerate. 

force for the phosphorylation of ADP by the 

chloroplast coupling factor [2]. The chloroplast 
envelope is an effective barrier against the trans- 

port of protons between the medium and the 
chloroplast stroma [3,4]. Therefore, in intact chlo- 
roplasts the alkaline shift caused by proton trans- 
fer into the thylakoids remains confined to the 
stroma space. Its extent is a function of the num- 
ber of protons transferred and of the buffer capac- 
ity of the chloroplast stroma. In experiments per- 
formed by different authors, the alkalization of 
the stroma ranged from about 0.25 to 1 pH unit 
[4-91. It increased biphasically with light intensity, 
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