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Especially, the win-win collaboration is achieved when formate is applied to the cultivation of
microalgae, which combines the advantages from both artificial and natural photosynthesis.
However, the inhibition of formate on the photosynthetic electron transport hinders the application
of formate at high concentrations. The engineering or directed evolution of the regulation pathway
is a case-by-case and time-consuming strategy. Here, we developed a new strategy by introducing a
Senotrophomonas sp. strain which was isolated and identified from the long-term self-evolution
process of Chlamydomonas reinhardtii for adapting to high concentrations of formate. The
co-culture with the strain or the fermentation broth relieved the inhibition of formate (50 mmol/L)
on C. reinhardtii and promoted the growth of the microalga. Especially, the protein content
increased significantly to nearly 50% of the dried weight. In addition, the co-culture also benefited
the growth of both Chlorella pyrenoidesa and Synechocystis sp. PCC 6803 exposed to formate,
which indicated broader applicability of this strategy. This strategy provides the opportunity to
overcome the bottleneck in the formate-mediated artificial-natural hybrid photosynthesis and to aid
the development of technologies for solar energy-driven production of bulk biomass, including
proteins, by carbon dioxide reduction.
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The schematic diagram of the inhibitory site of formate in photosystem II.
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Figure 2 Changes in biomass, nutrient consumption and photosynthetic activity of Chlamydomonas
reinhardtii P3 during mono-culture. A: Growth curve of C. reinhardtii P3 in TFP medium. B: Ammonia

consumption. C: Formate consumption. D: The maximum quantum yields (F,/Fn) and the actual quantum
yield (F,’/Fr).
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Figure 3 Changes in biomass, the content of formate of Senotrophomonas sp. during mono-culture. A:

Growth curve of Senotrophomonas sp. in TFP medium. B: Formate consumption. The picture was taken on
the 12th day of culture.
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Figure 4 Changes in biomass, pigments, nutrient consumption and photosynthetic activity during the
co-culture of Chlamydomonas reinhardtii and Stenotrophomonas sp.. A: Growth curves of C. reinhardtii P3
and Senotrophomonas sp. in TFP medium. B: Total amount of chlorophyll a and chlorophyll b. C: Ammonia
consumption. D: Formate consumption. The picture was taken on the 4th day of culture. E: The maximum
quantum yields (F\/Fy) and the actual quantum yield (F,’/Fp’).
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Figure 5 Biomass composition of C, CS, CSV. A: Protein content; B: Total soluble carbohydrate content; C:
Fatty acid content. When P<0.01, it is considered that there is a extremely significant difference between the
data, shown as **; When P<0.05, it is considered that there is a significant difference between the data,

shown as *.
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Figture 7 Formate as substrate (or not), Stenotrophomonas sp. as the partner (or no) of co-culture
experiment of Synechocystis sp. PCC6803. (A) The growth curve of Synechocystis sp. PCC6803. (B) The

consumption of formate when formate as the culture substrate (The picture was taken on the 6th day of
culture).
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Figure 8 Carbon-fixed strategy for protein production based on microalgae-bacteria co-culture.
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