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Plant synthetic biology and bioproduction of human milk oligosaccharides
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Abstract: Human milk oligosaccharides (HMOs) are the third largest solid component in breast milk. They have a
wide range of applications due to their beneficial physiological functions such as regulating the immune system,
maintaining digestive health, and promoting brain development. There is a growing interest in the development of
green and efficient bioproduction of HMOs via synthetic biology technologies. Recently, Patrick M. Shih’s team from
the University of California, Berkeley, has engineered the model plant Nicotiana benthamiana as a photosynthetic
platform for HMOs production. Specifically, the enzymes involved in HMOs biosynthesis were heterologously
expressed in the cytosol to reconstruct the metabolic pathways required for HMOs bioproduction. Furthermore, they
optimized the productions of HMOs by enhancing the supply of key precursors. Finally, several HMOs were
successfully produced from the cost-effective raw materials CO,. The reported study provides deeper insights into the

green bioproduction of HMOs, and expands the potential applications of plant synthetic biology technologies in the
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green and sustainable bioproduction of other dairy-based functional nutraceuticals. From the perspective of regulatory
approval and industrial application, the aforementioned technology remains at the proof-of-concept stage. In contrast,

an integrated approach combining CO, capture and conversion with microbial fermentation shows greater potential for

demonstrating scalable green biomanufacturing of HMOs in the near term.

Keywords: human milk oligosaccharides; bioproduction; model plant; carbon dioxide; plant synthetic biology
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B s IR B 22 2 40 ) LG 7 9K A g £ kb 78 7
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Bie 7 & DL AR R R e s B )LBC T B b,
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%%, HMOs 6 [ i — B 3 g 2 St i,
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Fig.1 Schematic diagram of metabolic pathways for typical human milk oligosaccharides
(pgi—phosphoglucose isomerase gene; zwf—glucose-6-phosphate dehydrogenase gene; pfk4A—phosphofructokinase gene;
futC—a-1,2-fucosyltransferase gene; futA—o-1,3-fucosyltransferase gene; St6—ua-2,6-sialyltransferase gene;
St3—ua-2,3-sialyltransferase gene; /grtd—f-1,3-N-acetylglucosaminyltransferease gene; /gtB—[-1,4-galactosyltransferase gene;
wbgO—-1,3-galactosyltransferase gene; LnbB—lacto-N-biosidase gene;
TeSA—ua-1,2-fucosyltransferase gene; BfI 3FT—oa-1,3/4-fucosyltransferase gene)
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Fig.2 The workflow of engineered plants for the production of diverse human milk oligosaccharides
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