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What plants do in the dark: new insights into the metabolism of 

transitory starch in Arabidopsis leaves 
  

Starch is a primary product of photosynthesis in leaves. In most plants, a large fraction of 
the photo-assimilated carbon is stored transiently in chloroplasts as starch for use during 
the subsequent night. Starch is composed primarily of branched glucans (amylopectin) with 
an architecture that allows the formation of insoluble, semi-crystalline granules. Functional 
genomic studies in Arabidopsis and other species have greatly advanced our 
understanding of leaf starch breakdown. Our data suggest that starch is hydrolysed to 
maltose and glucose via a pathway that requires recently-discovered proteins in addition to 
well-known glucan hydrolases (amylases). Discoveries made in the last decade show that 
transient glucan phosphorylation is required for starch degradation. Amylopectin is 
phosphorylated by a class of glucan dikinases. The phosphate groups probably serve to 
disrupt the semi-crystalline packing of the granule and thereby facilitate hydrolysis. Multiple 
isoforms of beta-amylase and debranching enzyme (isoamylase and limit dextrinase) then 
act in concert with disproportionating enzyme to degrade the granule and oligosaccharide 
intermediates yielding predominantly maltose and some glucose. Simultaneous 
dephosphorylation of the partially degraded glucans to remove the phosphate groups 
added by the dikinases is also required for complete breakdown. Surprisingly, some well 
characterised enzymes such as alpha-amylase (important in cereal seed germination) and 
alpha-glucan phosphorylase (important in animal glycogen metabolism) appear to have 
only minor or specialised roles. Maltose and glucose are exported from the chloroplast on 
distinct transporters and metabolised in the cytosol to support sucrose synthesis, 
respiration and growth. 
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