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Advances in synthetic biology for photosynthetic carbon assimilation
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Abstract: With the increase of population and the decrease of cultivated land, human demand for food is increasing.
Therefore, it is particularly important to ensure adequate food supply. Photosynthesis is the most important chemical
reaction on the earth, which converts inorganic matter into organic matter through light reaction and carbon
assimilation. More than 90% of plant dry matter comes from the carbon fixation reaction of photosynthesis. The
assimilated organic matter of photosynthesis is the material basis for the formation of crop yield. Therefore, improving
the efficiency of crop light energy utilization is an important way to improve crop yield. In recent years, the rapid
development of synthetic biology in the fields of energy, materials, health and environment has provided new
opportunities for improving plant photosynthetic efficiency. This paper highlights the research progress of synthetic
biology in improving the carbon assimilation efficiency of photosynthesis, mainly focusing on: (1) Improving the
carboxylation activity of Rubisco enzymes, including identifying Rubisco enzymes with high carboxylation activity,

optimizing gene expression regulatory sequences on Rubisco, and co-expressing Rubisco chaperone proteins;
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(2) Introducing CO, concentrating mechanisms, including C, photosynthetic enzymes, cyanobacterial transporter
proteins, and cyanobacterial carboxysomes; (3) Reducing photorespiration through the introduction of four
photorespiratory branches: chloroplast glycerate bypass, peroxisomal glycerate bypass, chloroplast glycolate oxidation
bypass, and 3-hydroxypropionate bypass, and the exploration of new branches of photorespiration; Finally, the new
photosynthetic carbon fixation circuit is discussed. The design, transformation, optimization and reorganization of
photosynthetic carbon assimilation module through synthetic biology will effectively improve the efficiency of carbon

assimilation and ultimately improve crop yield.
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Fig. 1 Overview of improving carbon assimilation efficiency of photosynthesis
Ru-5-P—Ribulose 5-phosphate; RUBP—Ribulose 1,5-bisphosphate; G2P—2-phosphoglyceric acid;
3-PGA—3-H B2 H i % ; GAP—Triose phosphate
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Tab.1 Summary of Rubisco enzyme activity by synthetic biological research
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