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CP12 is a small protein present in the chloroplast stroma of higher plants involved in the fine regulation of key 
enzymes of the Calvin-Benson cycle (1).. Because of its molecular properties  CP12 is classified as an intrinsically 
unstructured protein (IUP) which participates to the formation of a supramolecular complex between glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and phosphoribulokinase (PRK) (2).. Formation and dissociation of this 
supramolecular complex contributes to light-dependent modulation of both enzyme activities and consequently to the 
global regulation of photosynthetic metabolism.  

In silico analysis showed that Arabidopsis thaliana genome includes at least two CP12 genes, named cp12-1 
(At2g47400) and cp12-2 (At3g62410). Coordinated expression of genes for both GAPDH subunits (gapA and gapB) 
together with prk and cp12-2 (but not cp12-1) under different conditions (e.g. sucrose treatments and dark treatments) 
supports the existence of the supramolecular complex. 

In the chloroplast stroma, the two GAPDH subunits (GapA, GapB) are arranged into two isoforms, with either 
A4 or A2B2 stochiometry. AB-isoforms are more abundant and display autonomous regulation mediated by the C-
terminal autoinhibitory domain of GapB (CTE) (3).. In order to investigate how the reversible formation of GAPDH-
CP12-PRK complex can modulate enzyme activities, we have expressed all the components of the complex in a 
heterologous system. All recombinant proteins (GapA, GapB, CP12 and PRK) have been purified to homogeneity and 
analyzed in vitro for their capacity to build up GAPDH-CP12-PRK supramolecular complexes. Our results indicate that 
CP12 binds with high affinity GapA, but not PRK, only if NAD, not NADP, occupies the active sites of the enzyme. 
Under these conditions, GapA-CP12 can then interact with PRK to reconstitute the entire complex. The binding of 
CP12 to GapA has limited effects on activity. On the contrary, the formation of the entire GapA-CP12-PRK complex 
results in strongly inhibited GAPDH and PRK activities. AB-GAPDH purified from spinach chloroplast can also 
interact with CP12, provided that the CTE of the enzyme is reduced and coenzyme sites are occupied by NAD. Since 
CTE and CP12 are homologous in sequence, the autonomous (CTE-dependent) and CP12-dependent regulation of 
GAPDH may have similar molecular basis and both seem to take part to the regulation of carbon metabolism in 
chloroplasts. 
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