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Abstract: The development of highly efficient CO, utilization technologies can alleviate the urgent pressure on the
environment and energy, playing a vital role in achieving the goal of “carbon peak and neutrality”. Microalgae are an
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important group of photoautotrophic microorganisms, providing the main source of primary productivity in the
biosphere, and also serving as important model organisms for photosynthesis research. In recent years, microalgae have
also been considered as promising chassis for photosynthetic biosynthesis, directly converting solar energy and carbon
dioxide into various bio-based products. This technological route is called photosynthetic biomanufacturing, which
possesses the advantages of simultaneous carbon fixation and clean production. This review focuses on the perspectives
of development models and application scenarios, and suggests trends related to the further development of
photosynthetic biomanufacturing. Regarding the efforts to harness and utilize photosynthetic carbon flow in microalgae
cells, we summarized and compared three widely adopted strategies, including novel species screening, environmental
perturbations, and genetic engineering. The research progress, significant breakthrough, and representative application
demonstration of development models were systematically summarized. In the future, the combination of promising
chassis cells with desired industrial properties, systematic metabolic engineering to remodel the native metabolism, and
specific environmental treatments to maximize synthesis capacities could be expected to generate next-generation
advanced microalgae cell factories. The optimized microalgae cell factories with desired photosynthesis and
biosynthesis properties could be expected to play important roles in the areas of biomedical therapy, biophotovoltaics,
and bioastronautics through interdisciplinary technology cooperation and integrations. Microalgal synthetic biology is
also expect to focus on solving emerging problems rising from new application scenarios and larger application scales,
including the development and optimization of the synthetic biology toolboxes, engineering chassis cells toward more
efficient photosynthesis, the development of anti-biocontamination and biosafety strategies for large-scale cultivation.
Taken together, this review provides useful and updated information to facilitate the development of photosynthetic
biosynthesis route with carbon fixation and clean production, providing certain feasible solutions for the "carbon peak

and neutrality".
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Fig. 1 The development models of microalgae photosynthetic biomanufacturing
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Fig. 2 Schematic illustration of new application scenarios of microalgae with desired photosynthesis and biosynthesis properties

[(a) The oxygenic photosynthesis and PDT process using CeCyan cells. These photosensitive CeCyan cells serve as the Ce6 carrier,delivering the

photosensitizers to the tumor cells for potential photosynthesis-enhanced PDT under laser irradiation”®"; (b) The engineered strain UTEX 2973,

equipped with the photosynthetic machinery and a D-lactate synthesis pathway. The engineered strain S. oneidensis, equipped with a D-lactate oxida-

tion pathway and the extracellular electron transport machinery, releases electrons from D-lactate and transfers them to the anode for electricity pro-

duction'”; (c) The bioproduction of a Mars-specific rocket propellant, 2,3-BDO, from CO,, sunlight and water on Mars. Photosynthetic cyanobacte-

ria convert Martian CO, into sugars that are upgraded by engineered Escherichia coli into 2,3-BDO.]

PS I—photosystem I; PS II—photosystem II; ATPase—adenosine triphosphate synthases; CBB cycle—Calvin-Benson-Bassham cycle
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Fig. 3 Strategies for solving emerging problems rising from new application scenarios and larger application scales

PQ—plastoquinone; Cytbf—cytochrome b f complex; A j—special chlorophyll; A,—vitamin K; 4Fe-4S—iron-sulfur centers; Fd—ferredoxin
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