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Photosynthetic glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is a light-regulated enzyme of 

chloroplasts.. Two different isoforms of GAPDH are known: A4 and A2B2. Till now the two isoforms have been 
defined as either non-regulatory (A4) or regulatory (A2B2) because of the distinct properties of purified proteins in 
vitro (1). However, recent evidence has suggested that also A4-GAPDH is regulated in vivo via protein-protein 
interactions, in a peculiar mechanism involving the small peptide CP12 (2).. Interestingly, in Spinacia oleracea the C-
terminal extension of CP12 is 38% identical to the C-terminal extension (CTE) of GapB. The N-terminal moiety of 
GapB is in turn almost identical (80%) to GapA subunit, which lacks the CTE completely. Therefore we assume that the 
autonomous (A2B2) and CP12-dependent (A4) regulation of GAPDH may share similar molecular basis. In order to 
elucidate the molecular mechanism of GAPDH regulation, and consequently to better understand the fine regulation of 
carbon metabolism in chloroplasts, we have produced a series of site-specific mutants, deletion mutants and chimerae. 
Most of these mutants showed perturbed regulatory properties and have been analyzed down to the kinetic details.  

GAPDH can use either NADH and NADPH as electron donor, but only the NADPH-dependent activity is 
regulated. Two different but related regulatory mechanisms are known: a response to thioredoxin redox state (which 
doesn’t affect the aggregation state of the protein) and a response to NAD, counteracted by NADP, which causes 
aggregation of the enzyme (from tetrameric to holigomeric form). In both cases the maximal catalytic efficiency with 
NADPH as coenzyme is lowered and becomes closer to that with NADH.  

The involvement of CTE in the regulatory mechanism is confirmed by the chimeric form GapA+CTE which 
gained redox sensitivity and became able to aggregate in present of NAD. Unexpectedly, the chimeric protein acquired  
the capacity to modulate also its NADH-dependent activity. A clue on the functioning of CTE is provided by mutant 
GapB-E362Q, where the very last negative residue of the protein has been mutated into a neutral one. This mutation 
gave rise to an enzyme almost insensitive to thioredoxin but still able to aggregate. The crystal structure of GapA in 
complex with either NAD or NADP has shown that Ser188 is directly involved in recognition of NADP, while site 
specific mutagenesis has revealed that Ser188 is essential for efficient NADPH-dependent catalysis (3). Mutant GapB-
S188A is not redox insensitive, but it also displays redox-sensitive NADH-dependent activity, similar to GapA+CTE. 
Though essential for coenzyme selectivity, Ser188 does not seem to be the direct partner of Glu362 in CTE-mediated 
inhibition of GAPDH activity. Further studies including crystallography, site-directed mutagenesis, steady-state kinetics 
and bioinformatic modelling are in progress to unravel this complex regulatory mechanism.  
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