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Abstract: Reducing carbon emissions is a major strategic decision in the process of sustainable development in
China. In order to achieve the ambitious goal of “carbon peak, carbon neutrality” on schedule, China needs to make a
breakthrough in improving the ecological carbon sink capacity. Plant photosynthesis is beneficial to increase the Earth's
carbon sink by fixing atmospheric carbon dioxide or inorganic carbon to produce organic compounds, while CO, is
released in the process of photorespiration and respiration which reduce carbon sinks by degrading the organic
compounds into other substrates. Energy utilization rate of the above-mentioned CO, natural metabolic process is low,
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and those processes are difficult to be artificially modified and improved in plants due to the characters and limitations
of the relevant enzymes. Therefore, reconstructing new artificial metabolic pathways with synthetic biology in plants is
expected to greatly improve the plant CO, fixation capacity, which is one of the effective ways to solve the bottleneck
of humanity development in the future. In the present review, we introduce the metabolic pathways associated with CO,
fixation and release which are involved in plant photosynthesis, photorespiration and respiration, respectively, and then
point out the potential targets that could be used for modification by synthetic biology. In each section, we mainly
discuss the artificial carbon fixation pathways that have been implemented in plants and their underlying principles.
Especially, the modification of photorespiration is particularly discussed and several pathways are mentioned in details
which shed lights on the design of artificial pathway in the future. Then we compare the capacity of each pathway in
carbon fixation and limitation. Finally, we propose the key questions of designing and synthesizing novel carbon
fixation pathway in plants, and the zero-carbon releasing design is mainly discussed. The development trend of

transformation of plant CO, metabolic pathway by synthetic biology is also forecasted.

; Metabolic pathway for
b carbon dioxide in plant

Keywords: plant; CO, metabolism; synthetic biology; modification; synthetic biology; carbon neutrality
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Fig. 5 Schematic diagram of potential targets for carbon metabolism modification in plants
(% Photosynthesis modification; % Photorespiration modification; * Respiration modification)
1—Modification of natural photosynthetic elements; 2—Exogenous protein are introduced to optimize photosynthetic efficiency;
3—Rubisco optimization design to improve its carboxylation capacity; 4—Increase CO, supply capacity;
5—Reconstruction of natural photorespiration pathway or construction of alternative pathway for new photorespiration;

6, 7—Increase photorespiration flux or reuse of metabolic intermediates; 8—Modification of respiratory pathway (AOX adjustment)
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