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Starch sheath is required for the CO,-concentrating mechanism in
Chlamydomonas reinhardtii
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Aquatic photosynthetic organisms induce a CO,-concentrating mechanism (CCM) to maintain photosynthetic activity
under CO,-limiting conditions. In many algae, several thick starch plates surround the pyrenoid, in which CO,-fixation
enzyme Rubisco is enriched, forming a starch sheath. Low-CO, inducible protein B (LCIB), which is one of the
essential factors for CCM, changes its localization to the outside of the starch sheath in response to a decrease in the
levels of CO, concentration. However, the functional importance of the starch sheath formation to the CCM has not
been shown. Here, we isolated Isoamylasel (ISA1)-less mutant, 4-D1, showing aberrant localization of LCIB as well as
starch sheath. Under very-low-CO2 (< 7 uM) conditions, 4-D1 showed decreased activities of photosynthetic affinities
against inorganic carbon, loss of HCOj;- transporter HLA3, and retarded growth rates. The aberrant localization of LCIB
was also observed in another starch sheath mutant sta//-1, but not in sta2-1, in which thin starch sheath is formed.
These results suggested that starch sheath formation is required for the localization of LCIB around the starch sheath
and full induction of CCM.
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