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A b s t r a c t
Biomass sugars like glucose and fructose are crucial both as re-

sources for human food production and as substrates for bio-man-
ufacturing. Our research group has found that oxometalates, such 
as sodium tungstate, can act as catalysts for sugar synthesis under 
neutral conditions. This reaction yields non-natural sugars—sug-
ars not typically found in nature—and we have demonstrated that 
these abiotically synthesized non-natural sugars are metabolizable 
by microorganisms. Using Corynebacterium as a model organism, 
we successfully produced lactic acid through fermentation with 
abiotically synthesized non-natural sugars as the sole substrate.

 ▍ Background & Results

This study marks the world’s first successful example of bioman-
ufacturing using abiotically synthesized non-natural sugars as a 
raw material. The chemical synthesis of these non-natural sugars 
is at least several hundred times faster than photosynthesis, requir-
ing minimal water and nutrients, thereby enabling the sustainable 
production of sugars without competing with food resources. In the 
future, this technology could emerge as a novel sugar resource, 
capable of replacing natural sugars like glucose. It has the poten-
tial to evolve into a ‘high-speed, on-site sugar production system,’ 
converting CO₂ into metabolizable sugars for organisms. This 
breakthrough is expected to significantly advance environmentally 
friendly bio-manufacturing technologies.

 ▍ Significance of the research and Future perspective

Biomass sugars, such as glucose and fructose, are fundamental 
to human food production and serve as substrates for bio-manu-
facturing technologies. These sugars are derived through photo-
synthesis, using water and CO₂ as raw materials. However, large-
scale biomass sugar production through photosynthesis demands 
substantial water, nutrient salts, and extensive land areas, which 
raises sustainability concerns within planetary boundaries. Further-
more, biomass sugars face supply limitations that could lead to 
competition with food resources due to the increasing demand for 
fuels and chemicals.

Chemical synthesis of sugars involves two main steps: (1) the 
formation of formaldehyde (HCHO) via CO₂ reduction and (2) 
subsequent sugar synthesis through the formose reaction, using 
HCHO as a substrate. A major challenge in this process has been 
developing catalysts that selectively promote sugar synthesis with-
in the formose reaction. As this reaction takes place in an alkaline 
environment prone to numerous side reactions, achieving high 
sugar yield has been challenging. However, our research group 
developed a catalyst that enables highly selective sugar synthe-
sis under neutral conditions, resulting in an improvement in sugar 
yield. Notably, despite the abiotically synthesized sugars having 
non-natural structures, they are metabolizable by microorganisms. 
Using Corynebacterium as a model organism, we identified growth 
inhibitors within the synthetic sugar solution and successfully pro-
duced lactic acid with synthetic sugars as the sole substrate. This 
accomplishment represents the first instance globally of bio-man-
ufacturing using catalytically synthesized non-natural sugars as 
substrates.
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