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Table 1 Differences in the composition of some nutrients in human, bovine, and goat milk
£ 3 5L 4+ 5 E0 PP ]

Ea R B3LE G/ (/100 g)* 1.17 3.30 4.06 [8]
WA Hib=8/(mg/ml) 9.34 9.24 6.28 [9]
Bdt Fe 5 Wy B2 %" 38.10 63.49 69.07 [10]
wE AUA(gL) 70 47 42 [11]
BARTAE/ (/L) 5.00~20.00 0.03~0.06 0.06~0.35 [11]
T (2R AE) 5200(22) 37(6) 40(9) [11]
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Schematic diagram of the structural elements of major HMOs
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Table 2 Infant formula milk powder supplemented with human milk oligosaccharides on the market and its content

5 A HMOs 8 # % _ % g o
/100 mL 8 %) 43 o/100 g 34>
1 2’-FL 0.020 0.13 358 72./800 g
Sk 2 2'FL.INT.3’-SL.6"-SL DiFL 0.050 0.37 229 72./900 g
St 3 2°-FL.3’GL 0.064 0.44 325 72./900 g
St 4 2’-FL 0.025 0.17 328 /800 g
S5 2°—FL.LNnT.3’-SL.6’-SL.LNT .DFL 0.060 041 385 72./850 ¢
50 6 2°-FL 0.050 0.39 538 72./800g
Sk 7 2’-FL 0.030 0.17 315 72./900 g
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Fig.2 The major approaches to obtaining human milk oligosaccharides
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Fig.3 Common strategy for microbial synthesis of HMO (E. coli as an example)
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Fig.4 Structure of fucosyltransferase
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Advances in the Biosynthesis of Human Milk Oligosaccharides

Liu Wenxian', Peng Jing', Cheng Haina'?, Chen Zhu'?, Wang Yuguang'?, Zhou Hongbo'*
(‘School of Minerals Processing and Bioengineering, Central South University, Changsha 410083
*Key Laboratory of Biometallurgy of Ministry of Education, Central South University, Changsha 410083)

Abstract Human milk oligosaccharides are one of the most critical components of breast milk, with valuable functions
such as regulating immunity and promoting brain development, and they have significant commercial potential in infant
nutrition and medical therapy. The rapidly growing market demand has put new requirements on their supply, and new
production methods of human milk oligosaccharides have emerged. The biosynthetic routes have broken traditional barriers
and brought new opportunities and challenges to the industry. This review first introduced the basic properties and indus-
trial application of human milk oligosaccharides, then focused on the research advances in the biosynthesis pathway of
human milk oligosaccharides and discussed in depth the key technologies, advantages, and pain points of the chemoen-
zymatic method and microbial cell factory in their synthesis. Finally, the future outlook of human milk oligosaccharides
had been prospected.

Keywords biosynthesis; chemoenzymatic; cell factory; human milk oligosaccharide



