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In plants starch degradation occurs through both amylolytic and phosphorolytic pathways. In Arabidopsis 
thaliana leaves, about 80% of total starch degradation activity depends on beta-amylase enzymes located outside the 
chloroplast (1) which catalyze exo-amylolytic cleavage of beta(1-4) bonds. Up to nine genes coding beta amylase 
isozymes are predicted in the genome of Arabidopsis.. Among these, only the product of gene At4g17090 (CT-BMY) 
has been unambiguously demonstrated to be a beta-amylase, and to be located in chloroplasts (2). In the present study 
we demonstrate that also the Arabidopsis gene At3g23920 codes a beta-amylase (beta-amy) probably located in plastids 
and that this particular isozyme is regulated by thioredoxin. Amino acid sequence of beta-amy is 52% identical to CT-
BMY. Recombinant beta-amy, expressed in E. coli without its putative transit peptide and with a cleavable His-tag at 
the N-terminus, is catalytically active as a monomer of 65 kDa and displays a pH optimum around 6.0, with an almost 
complete loss of activity at pH values higher than 7.5 and lower than 5.0. Interestingly, the activity of recombinant beta-
amy is also modulated by thioredoxins. In the presence of reduced thioredoxin, beta-amy is fully active and conversely 
it is fully inactivated by oxidized thioredoxin. Redox titrations performed at different pH values indicated the existence 
of a single regulatory disulfide on the enzyme with midpoint redox potential (Em,7) of -300 ± 11 mV. In order to identify 
the cysteine residues involved in the formation of the regulatory disulfide bond, we replaced, one by one, all eight cys 
contained in the sequence into serine (beta-amyC31S, C147S, C205S, C260S, C398S, C412S, C469S and C505S). All 
mutated proteins were purified to homogeneity and redox titrated. Only mutants C31S and C469S showed significantly 
altered redox sensitivity indicating that cys31 and the cys469 could form a disulfide bridge responsible for the redox 
modulation of beta-amylase activity. 

Beta-amy was found to be expressed in leaves and roots, but absent in siliques, flowers and stalks. Since 
photosynthetic activity implies reduction of chloroplast thioredoxin pool (which activates beta-amy) together with 
alkalization of the stroma (leading to beta-amy inactivation), the physiological meaning of beta-amy regulation in 
leaves is puzzling and needs further investigation.. On the contrary, the presence of beta-amy in roots suggests that the 
transit peptide leads to localization in amyloplasts, where the enzyme could participate in secondary starch degradation 
under the regulatory control of thioredoxins. 
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