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Abstract: Breast milk has long been recognized as the gold standard for designing infant
formulas. Among them, oligosaccharides are the third most important solid component in
breast milk and a new class of prebiotics. Among the oligosaccharides, 2'-Fucose (2'-FL)
has attracted much attention for its important physiological functions. Numerous studies
have confirmed that 2'-FL regulates the infant gut microbiota, inhibits pathogen adhesion,
modulates immune responses, supports brain and neural development, and reduces
inflammation. This review briefly describes the current synthesis methods of 2'-FL and
provides insights into its mechanism of action in regulating the intestinal flora. By
mimicking the natural functions of breast milk, 2'-FL has the potential to enhance the
quality of infant formulas. Deepening the understanding of its physiological roles and
interactions could lay the foundation for its wider application in infant nutrition. The
present study provides a theoretical framework for utilizing 2'-FL to promote infant health
and development.

1. Introduction

Currently, lack of breast milk is very common and infant formula has become the preferred milk
substitute for many families. In the process of formula production, breast milk composition is
considered the gold standard. Therefore, it is of great significance to study and analyse the breast
milk composition of the Chinese population, and then explore the development of formulas suitable
for Chinese infants and young children. Among them, breast milk oligosaccharides (HMOs), as
complex sugars with unique structure in breast milk, are one of the important bioactive components
of breast milk and the third most abundant solid component in human milk.Given the growing
recognition of the critical role of HMOs in infant health and development, there is growing global
research and commercial interest in synthetic human milk oligosaccharides and their active
analogues as additives in infant formula.

The interaction of a balanced gut and microbiome plays a central role in shaping infant health. It
is generally accepted that babies are sterile in the womb and that the microbiome begins to build
gradually from birth. There are many factors that determine the establishment of the microbiome,
such as mode of delivery, feeding practices, use of antibiotics, and exposure to people and pets.
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Among these factors, feeding practices are the most important for the establishment of the
microbiome[1].

In recent years, HMOs have gradually become a hot issue in the field of infant formula milk.
Their functional roles can be extended from the initial establishment of the infant intestinal flora to
the adult stage, covering support for the growth of beneficial bacteria, anti-adhesion of pathogenic
bacteria, and so on. Among more than 200 HMOs in human milk, 2'-fucosyl lactose
(2'-fucosyllactose, 2'-FL) has the highest content, accounting for about 30%][2]. Therefore, based on
the review of the synthesis of 2'-fucosyllactose, this paper focuses on the mechanism of
2'-fucosyllactose regulating intestinal flora. In order to provide theoretical support for the
subsequent development of high-quality milk powder that is more suitable for infant growth and
development.

2. 2'-Fucose-based lactose synthesis methods
2.1 Chemical synthesis method

The current chemical synthesis of 2'-FL suffers from the use of a large number of organic
reagents, complicated steps, harsh reaction conditions and low product yield. Therefore, chemical
synthesis of 2'-FL using L-fucose as a starting substrate is costly [3].

2.2 Enzyme-catalysed synthesis

In general, enzyme-catalysed synthesis for the production of 2'-FL requires synthesis by
glycosylation reactions involving glycosyltransferases (GTs) or glycoside hydrolases (GHS).GTs
are responsible in nature for the formation of glycosidic bonds, catalysing the transfer of
monosaccharides from the glycoside donor (Leloir-type GTS) to the acceptor. Fucosyltransferases
(Fucts) are a class of enzymes that play an important role in the engineering of glycosylation of
complex glycan chain epitopes involved in cell recognition, cell adhesion, immune responses and
tumour metastasis, transferring fucosylated GDP-L-fucose donor substrates to oligosaccharide
acceptor structures of glycoproteins and glycolipids [4]. Depending on the regional specificity of
the fucosylation formed and the type of their receptor, fucosyltransferases can be divided into five
classes as o 1,2-Fucts, a 1,3-Fucts, a 1,4-Fucts, o 1,6-Fucts, and O-Fucts [5].Engels et al[6]
suggested that WhgL in the GT family 11 of  1,2-Fucts is unique, and its substrate preference for
B4-galactose-containing receptors makes it highly promising for the synthesis of 2'-FL.Albermann
et al[7] reported the key work of a two-step enzyme-catalysed in vitro synthesis of 2'-FL, achieving
an enzymatic synthesis of 2'-FL in a with a yield of 65%.

2.3 Whole-cell biosynthesis

Whole-cell biosynthesis is currently the main method for the industrial production of 2'-FL. The
keys to reducing the cost of whole-cell biosynthesis of 2'-FL are to reduce the cost of L-fucose, to
regulate the balance between the level of guanosine diphosphate-L-fucose (GDP-fucose) in the
synthesis pathway and the growth of the bacterium, and to explore new highly active
a-1,2-fucosyltransferases. , and 2-fucosyltransferases.The construction of the synthetic pathway of
2'-FL in some of the safer expression hosts (e.g., antibiotic-free Escherichia coli, Bacillus subtilis,
and Saccharomyces cerevisiae, etc.) has also been challenging|[8].
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2.4 Microbial fermentation

Considering green, efficient and sustainable production strategies, in recent years, biological
expression systems with high substrate consumption rates and rapid growth have been gradually
discovered, such as Escherichia coli, Bacillus subtilis, Saccharomyces cerevisiae, Saccharomyces
cerevisiae and Corynebacterium glutamicum, etc., and the production of FL through cell factory
strategies can effectively increase the efficiency of product synthesis in the fermentation process
and contribute to the development of the breast milk oligosaccharides biotechnology [9].

3. Mechanism of intestinal flora regulation by 2'-fucose-based lactose

Studies have shown that the flora regulation mechanism of 2'-FL mainly includes regulating
intestinal microecology, resisting the adhesion of pathogenic bacteria, and regulating immune
function[10].

3.1 Regulation of intestinal microecology

2'-FL is able to act as a metabolic substrate for bacterial flora and selectively promote the growth
and reproduction of specific beneficial bacteria in the infant intestine, thus increasing the number of
beneficial bacteria.2'-FL has an important impact on the establishment of the intestinal flora in early
infancy, and it can significantly improve the adhesion of bifidobacteria to the intestinal mucosa
[11].2 -FL has the ability to promote the growth of beneficial bacteria while selectively promoting
the growth of bifidobacteria, which mainly include Bifidobacterium longum, Bifidobacterium
bifidum and Bifidobacterium infantis. In addition, 2'-FL can also stimulate the growth of some
bacillus mimetic species[12]. Studies have shown that the intestinal flora of breastfed infants is
predominantly Bifidobacterium. Numerous Bifidobacteria are able to efficiently recognise 2'-FL
with the help of fucosyl lactose transporter proteins and use it as a carbon source for growth.He et
al[13]evaluated 151 strains of Bifidobacteria for their ability to utilise the 2'-FL by genotypic
analysis. Among these strains, 37 had the ability to utilise 2'-FL, including Bifidobacterium bifidum,
Bifidobacterium breve, Bifidobacterium longum ssp. longum, and Bifidobacterium dentium.
Hirvonen et al[14]monitored the bacterial growth using the Bioscreen C Growth Curve Analyser,
which determines the growth of the fermentation capacity of Lactobacillus, Bifidobacterium and
Bacteroides bacteria. It was found that almost all the bacteria studied were able to utilise
oligogalactose, lactose and glucose, but B. longum ssp. infantis, B. bifidum, Bacteroides fragilis,
Bacteroides vulgatus, Bacteroides thetaiotaomicron, and other bacteria can only use breast milk
oligosaccharides (HMOs) as their sole carbon source. Other studies have shown that
Bifidobacterium longum infantum subspecies, the dominant strain in the intestinal tract of breastfed
infants, is able to utilise 2'-FL to sustain its own growth and produce metabolites such as lactic acid,
acetic acid, and 1,2 - propanediol[15][16][17]. In vitro simulations have shown that 2'-FL is capable
of full-length fermentation in the colon. As 2'-FL was continuously fermented, the relative
abundance of Bifidobacteriaceae increased, accompanied by an increase in Actinobacteria, as well
as an increase in Proteobacteria and Enterobacteriaceae. Enterobacteriaceae[18][19][20]. The use of
2'-FL as a carbon source not only promotes the growth of Bifidobacterium, but also enhances the
adhesive properties of Bifidobacterium. When 2'-FL was used as a carbon source, the adhesion
performance of B. bifidum DNG6 was significantly improved, and the expression level of genes
related to Caco-2 cell adhesion was significantly higher than that when oligogalactose and glucose
were used as carbon sources[21] as shown in Figure 1.
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3.2 Prevention of pathogen adhesion to the gut

The first step in pathogen colonisation, invasion and biofilm formation is surface adhesion[22].
Many breast milk oligosaccharides (HMOs) have been shown to act as receptor analogues for
pathogenic bacteria, and in this way inhibit the adhesion of pathogenic bacteria to the intestinal
mucosa, thereby reducing inflammation[23][24]. A correlation was found between the intake of
2'-FL in breastfed infants and the incidence of Campylobacter jejuni induced diarrhoea[25]. 2'-FL,
as a soluble ligand, inhibits Campylobacter jejuni binding to intestinal H (O) antigens, attenuates
the release of pro-inflammatory factors and signals from the intestinal mucosa and thus reduces the
infection risk[26]. Breast milk oligosaccharides (HMOs) can prevent pathogenic infections of the
organism. Some bacteria, fungi and viruses invade host cells by attaching to the glycocalyx of
intestinal epithelial cells, thus harming the organism. And HMOs can act as decoy receptors
because of the similarity between HMOs and surface glycans of pathogenic species[27], HMOs will
bind to the glycocalyx of the intestinal epithelium first, compete for the binding site with other
pathogens, and encapsulate the pathogens so that they can not adhere to the intestinal epithelial cells.
This effectively prevents harmful bacteria, fungi and viruses from adhering to the intestinal
epithelium, thereby reducing the risk of host disease. Studies have shown that Campylobacter jejuni
can cause diarrhoea in infants, which in severe cases can lead to infant death. 2'-FL can act as a
decoy receptor to reduce the colonisation of the intestinal epithelium by Campylobacter jejuni;
El-Hawiet et al[28] showed that Campylobacter jejuni causes diarrhoea in infants, which in severe
cases can lead to infant death. 2'-FL can act as a decoy receptor to reduce the colonisation of the
intestinal epithelium by Campylobacter jejuni; He et al[29]found that 2'-FL can directly inhibit the
inflammation caused by the invasion of enterotoxin-producing Escherichia coli, and that in addition
to reducing the adherence of pathogenic bacteria, HMOs can also alter the gene expression on the
surface of bacteria and inhibit the inflammation of the organism. In addition to reducing the
adhesion and invasion of pathogenic bacteria, HMOs are also capable of altering gene expression
on the bacterial surface and inhibiting the growth of harmful bacteria. For example, the growth and
biofilm formation of group B streptococci can be regulated by HMOs, which can delay the growth
of group B streptococci, with lacto-N-tetrasaccharide (LNT) showing the highest inhibitory ability.
HMOs also inhibit fungal infections, and it has been shown that HMOs down-regulate genes
encoding the expression of Candida albicans hyphae-specific adhesion and neo-histone, leading to
the inhibition of Candida albicans hyphal expression, and thus to the inhibition of the growth of
Candida albicans [30]. It has been shown that HMOs can down-regulate genes encoding Candida
albicans hyphae-specific adhesion and neoflagellate expression, which leads to a reduction in
adhesion between Candida albicans and epithelial cells, and the binding sites between Candida
albicans and intestinal epithelial cells are also blocked by HMOs[31].HMOs can also resist the
infections of some infantile lethal viruses, such as rotaviruses and noroviruses [32].2'-FL and 3'-SL
HMOs such as 2'-FL and 3'-SL have been shown to have strong antiviral activity against specific
rotaviruses [33]. By mimicking receptor sites, HMOs prevent viruses from binding to the host and
stimulate the body to increase the expression of interferon and inflammation-suppressing factors in
the cells, activate immunity, and reduce the viral attack on the organism. However, specific HMOs
can also increase the infectivity of certain neonatal rotaviruses, such as neonatal rotavirus G10P[34],
which becomes more infectious with increasing concentrations of LNT and lacto-N-neotetraose
(LNnNT), and the mechanisms involved need to be further investigated. HMOs have also been shown
to have a strong norovirus HMOs have also been shown to have a strong inhibitory capacity against
norovirus. HMOs are structurally similar to the key binding sites of norovirus, the histological
blood group antigens (HBGAS), which prevent norovirus from binding to the HBGAs, thus
reducing norovirus infection. In addition to viruses that infect the neonatal gut, HMOs have also

49



been found to inhibit respiratory viral infections[35], and it has been shown that 2'-FL reduces the
viral load of respiratory syncytial virus and enhances the body's innate and acquired immunity [36],
as shown in Figure 2.
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Figure 1 The Effect of 2'-FL on Gut Bacteria
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Figure 2 A diagram illustrating the mechanisms for reducing the risk of Campylobacter infection.
3.3 Regulation of the immune system

2'-FL can promote the maturation of the immune system and enhance the immune function.
2'-FL can act directly on intestinal epithelial cells, regulate the gene expression of intestinal
epithelial cells, change the cell surface polysaccharides as well as the cellular response, which has a
significant immunomodulatory effect [37]. Meanwhile, a multicentre study conducted by Bosheva
et al[38] found that the group using standard milk infant formula supplemented with HMOs had
higher levels of secretory immunoglobulins and lower levels of a-1 - antitrypsin in the former
compared to the group using standard cow's milk infant formula without HMOs. Whereas,
Bifidobacterium bifidum as one of the most active species in the infant intestinal flora in
metabolising HMOs is also one of the most important health related species[38].Azagra-Boronat et
al[39] administered 2'-FL daily to rats from birth and after 16 d, the rats demonstrated higher levels
of plasma IgG and IgA as well as mesenteric lymph nodes, etc.[40] It was found that 2'-FL could
promote mucosal immune development by supporting the action of microbial CpG-DNA, which
was associated with the regulation of epithelial galactoglucan lectin and TGF-f1 secretion. Mao et
al.[41] found that thymus index of mice fed 2'-FL-containing formulated milk, lymphocyte
proliferation rate were significantly increased (P<0.05), while natural killer cell activity and the
degree of delayed allergic reaction were significantly improved (P<0.05) in mice fed milk
containing 2'-FL formula.
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In addition, clinical studies have shown that infants fed 2'-FL formula are similar to those fed
regular formula in terms of body weight, digestion, and behavioural patterns; however, plasma
concentrations of inflammatory cytokines such as interleukins (IL-1a, IL-1B, IL-6), interleukin-1
receptor antagonist (IL-1ra), tumour necrosis factor-o (TNF-a), etc. are 29-83% lower; and there is
a significant reduction in bronchitis, lower respiratory infections, and the use of antipyretics and
antibiotics.

The results of this series of studies suggest that 2'-FL has a positive effect in promoting immune
function, reducing inflammatory response, and decreasing the risk of disease in infants. Formulas
supplemented with 2'-FL can mimic the advantages of breastfeeding to a certain extent, providing
better protection for the healthy development of infants [42][43]. 2'-FL can also improve chronic
immune-mediated inflammatory skin diseases such as psoriasis.Lei et al [43]conducted experiments
using imiquimod (IMQ)-induced psoriasis mice as a model, and found that mice administered with
2'-FL showed significant reduction in erythema and thickness of the skin, as well as reduced skin
damage and inflammation. Further mechanistic studies showed that 2'-FL could inhibit the immune
response of Th17 cells and the secretion of Thl7-associated cytokines by regulating the STAT3
signalling pathway, thus improving psoriasis.

4. Conclusion

As the most abundant breast milk oligosaccharide in breast milk, 2'-FL has been supported by a
growing body of evidence for its physiological efficacy in regulating infant intestinal microecology,
preventing pathogens from adhering to the intestinal tract, and modulating the immune system.
Meanwhile, as a new type of nutritional agent, 2'-FL has a promising future development. At
present, realising the localised production of human milk oligosaccharides (HMOs) and applying
them in infant formula is of strategic significance to serve the healthy growth of infants and young
children as well as the healthy development of the nation. The synthesis technology is also
gradually upgrading. However, 2'-FL has not yet been approved as a food additive in infant formula
in China, and there is a lack of relevant standards. Therefore, while promoting the development of
2'-FL synthesis technology, it is also necessary to actively promote the declaration and approval of
2'-FL as a new food ingredient in China, as well as the development of relevant industry standards.

References

[1] Wang Sigi, Zhang Yu, Peng Xiaoyu, et al. Benefits of HMOs, an active ingredient in breast milk, to the organism and
current status of their application [J]. Food Research and Development, 2025,46(6):191-196.

[2] Esther Castanys-Mufpz, Maria J Martin, Pedro Antonio Prieto. 2'-fucosyllactose: Anabundant, genetically
determined soluble glycan present in human milk [J]. Nutr Rev, 2013, 71(12): 773—-789.

[3] Bode Lars. The functional biology of human milk oligosaccha-rides [J]. Early Human Development, 2015, 91(11):
619-622

[4] Erika Staudacher, Friedrich Altmann, lain B Wilson, et al. Fucose in N-glycans: from plant to man[J].
Biochimicaet Biophysica Acta, 1999, 1473(1): 216-36.

[5] Leonie Engels, Lothar Elling, a novel bacterial ol,2-fucosyltransferase for the synthesis of 2'-fucosyllactose[J].
Glycobiology, 2014, 24(2): 170-178.

[6] Christoph Albermann, Wolfgang Piepersberg, Udo F Wehmeier. Synthesis of the milk oligosaccharide
2'-fucosyllactoseusing recombinant bacterial enzymes[J]. Carbohydrate Research, 2001, 334(2): 97-103.

[7] Shi Ran, Jiang Zhenggiang. Progress and prospects of enzymatic synthesis of 2'-fucose-based lactose[J]. Synthetic
Biology, 2020, 1(04): 481-494.

[8] Li Wusun, Wang Jingxuan, Lin Yingying, et al. How far is it from infant formula to human milk? A look at the
humanmilk oligosaccharides[J]. Trends in Food Science & Technology, 2021, 118: 374-387.

[9] Shi Yudong, Liu Mengyao, Song Chen, et al. Advances in the function, synthesis and application of 2'-fucose-based
lactose[J]. Journal of Food Safety and Quality Testing, 2022, 13(2):511-519.

[10] Zhang Guofang, Zhao Jingjing, Wen Rong, et al. 2'-fucosyllactose promotes bifidobacterium bifidum DNG6

51



adhesion to Caco-2 cells [J]. J Dairy Sci,2020, 103(11): 9825-9834.

[11] Sakanaka Mikiyasu, Gotoh Aina, Yoshida Keisuke, et al. Varied pathways of infantgut-associated Bifidobacterium
to assimilate human milk oligosaccharides: Prevalence of the gene set and its correlation with
Bifidobacteria-richmicrobiota formation [J]. Nutrients, 2019, 12(1): 71.

[12] Hirvonen J, Salli K, Putaala H, Tiihonen K, Maukonen J, Ouwehand A. Selective utilization of human
milkoligosaccharides 2'-FL and 3-FL by probiotic bacteriaresulting in different metabolite production by these bacteria
(P20-012-19). [J]. Current Developments in Nutrition, 2019, 3(Supplement_1): 1771.

[13] Salli K, Hirvonen J, Siitonen J.et al. Selective utilization of the human milkoligosaccharides 2'-fucosyllactose,
3-fucosyllactose,and difucosyllactose by various probiotic and pathogenic bacteria[J]. Journal of Agricultural and
Food Chemistry, 2021, 69(1): 170-182.

[14] Yao Ye, Pan Xubin, Dai Yyuanyuan, et al. D-serine alleviates colitis by regulating intestinal al, 2-fucosylation[J].
Food Bioscience, 2024, 62: 105057.

[15] Bryan Zabel, Christian Clement Yde, Paige Roos, et al. Novelgenes and metabolite trends in Bifidobacterium
longumsubsp. infantis Bi-26 metabolism of human milkoligosaccharide 2'-fucosyllactose[J]. Scientific Reports, 2019, 9:
7983.

[16] Bryan E. Zabel, Svetlana Gerdes, Kara C. Evans,et al. Strain-specific strategies of2'-fucosyllactose,
3-fucosyllactose, and difucosyllactoseassimilation by Bifidobacterium longum subsp. infantisBi-26 and ATCC 15697[J].
Scientific Reports, 2020, 10:15919.

[17] P. Van den Abbeele ,C. Duyshurgh, E. Vazquez Marzoratiet al. 2'-fucosyllactose alters the composition and
activity of gut microbiota from formula-fed infants receiving complementary feeding in a validated intestinal model[J].
Journal of Functional Foods, 2019, 61: 103484.

[18] Van den Abbeele Pieter, Sprenger Norbert, Ghyselinck Jonas,et al. A comparison of the in vitro effects of
2'-fucosyllactose and lactose on the composition and activity of gut microbiota from infants and toddlers. Nutrients,
2021, 13(3): 726.

[19] Wen Wei ,Hu Xiaomin, Liu Jialin, et al.RIP3 regulates doxorubicin-induced intestinal mucositis via
FUT2-mediated o-1,2-fucosylation[J].Inflammation Research,2024,(prepublish):1-21.

[20] Li Mengli ,Zhang Tao ,Li Cchenchen, et al.Semi-rationally designed site-saturation mutation of Helicobacter
pylori a-1,2-fucosyltransferase for improved catalytic activity and thermostability[J].International Journal of
Biological Macromolecules,2024,259(P2):129316.

[21] Singh Ravindra Pal, Niharika Jayashree, Kondepudi Kanthi Kiran, et al. Recent understanding of human milk
oligosaccharides inestablishing infant gut microbiome and roles in immune system[J]. Food Research International,
2022, 151:110884.

[22] Lee Junmin, Park Busoo, Oh Minkyu. Production of 2'-fucosyllactose using al,2-fucosyltransferase from a GRAS
bacterial strain.[J].Enzyme and microbial technology,2023,167:110232.

[23] Michat Wicinski, Ewelina Sawicka, Jakub Gebalski, et al. Human milk oligosaccharides: Health benefits,
potentialapplications in infant formulas, and pharmacology[J]. Nutrients, 2020, 12(1): 266-280

[24] Morrow Arythe L, Ruiz-Palacios Guillermo M, Altaye Mekibib, et al. Human milk oligosaccharides are associated
withprotection against diarrhea in breast-fed infants[J]. Journal of Pediatrics, 2004, 145(3): 297-303.

[25] Ruiz-Palacios Guillermo M, Cervantes Luz Elena, Ramos Pilar, et al. Campylobacter jejuni binds intestinal H(O)
antigen(Fuc alpha 1, 2Gal beta 1, 4GIcNAc), and fucosyloligosaccharides of human milk inhibit its binding
andinfection[J]. Journal of Biological Chemistry, 2003, 278(16): 14112-14120.

[26] Masi Adrea C, Stewart Christophes J. Untangling human milk oligosaccharides and infant gut microbiome[J].
iScience,2021, 25(1): 103542,

[27] Amr El-Hawiet, Elena N Kitova, John S Klassen. Recognition of human milk oligosaccharides by
bacterialexotoxins[J]. Glycobiology, 2015, 25(8): 845-854.

[28] He Yingying, Liu Shubai, Kling David E, et al. The human milk oligosaccharide 2'-fucosyllactose modulates
CD14expression in human enterocytes, thereby attenuating LPS-induced inflammation[J]. Gut, 2016, 65(1): 33-46.
[29] Lin Ann E, Autran Chloe A, Alexandra Szyszka, et al. Human milk oligosaccharides inhibit growth of group B
Streptococcus[J]. The Journal of Biological Chemistry, 2017, 292(27): 11243-11249.

[30] Sara Gonia, Michele Tuepker, Timothy Heisel, et al. Human milk oligosaccharides inhibit Candida albicans
invasionof human premature intestinal epithelial cells[J]. The Journal of Nutrition, 2015, 145(9): 1992-1998

[31] Laucirica Daniel R, Triantis Vassilis, Schoemaker Ruud, et al. Milk oligosaccharides inhibit human
rotavirusinfectivity in MA104 cells[J]. The Journal of Nutrition, 2017, 147(9): 1709-1714.

[32] Cristian M. Dogaru, Denise Nyffenegger, Anife. M. Pescatore, et al. Breastfeeding and childhood
asthma:Systematic review and meta-analysis[J]. American Journal of Epidemiology, 2014, 179(10): 1153-1167.

[33] Bernardo L.Horta, Christian Loret de Mola, Cesar G. Victora. Long-term consequences of breastfeeding
oncholesterol, obesity, systolic blood pressure and type 2 diabetes: A systematic review and meta-analysis[J].
ActaPaediatrica, 2015, 104(467): 30-37.

52



[34] Stella Zevgiti, Juliana Gonzalez Zabala, Ayub Darji, et al. Sialic acid and sialyl-lactose glyco-conjugates: Design,
synthesisand binding assays to lectins and swine influenza HINZ1 virus[J]. Journal of Peptide Science: an Official
Publication of the European Peptide Society, 2012, 18(1): 52-58.

[35] Karina M Tonon, Somchai Chutipongtanate, Ardythe L Morrow, et al. Human milk oligosaccharides
andrespiratory syncytial virus infection in infants[J]. Advances in Nutrition, 2024, 15(6): 100218

[36] Kong Chunli, Elderman Marlies, Cheng Lianghu, et al. Modulationof intestinal epithelial glycocalyx development
by human milkoligosaccharides and non-digestible carbohydrates [J]. Molecu-lar Nutrition & Food Research, 2019,
63(17): €1900303.

[37] Puccio Giuseppe, Alliet Philippe, Cajozzo Cinzia, et al. Effects of infant formula with human milkoligosaccharides
on growth and morbidity: arandomized multicenter trial[J]. Journal of PediatricGastroenterology and Nutrition, 2017,
64(4): 624-631.

[38] Azagra-Boronat Ignasi, Massot-Cladera Malen, Mayneris-Perxachs Jordi, et al. Immunomodulatory and
prebioticeffects of 2'-fucosyllactose in suckling rats.[J]. Frontiersin Immunology, 2019, 10: 1773.

[39] Ayechu-Muruzabal Veronica, Overbeek Saskia A, Kostadinova Atanaska |, et al. Exposure of intestinal epithelial
cells to2'-fucosyllactose and CpG enhances galectin releaseand instructs dendritic cells to drive Thl and
regulatory-type immune development[J]. Biomolecules,2020, 10(5): 784.

[40] Mao Xiao, Wang Jianwu, Hang Yuanxin, et al. A human milk oligosaccharide,2’-fucosyllactose, enhances the
immunity in mice fedan infant formula milk diet[J]. International Dairy Journal, 2019, 98: 38-43.

[41] Shin Jonghyeok, Kim Seungjoo, Park Wonbeom, et al. Directed Evolution of Soluble a-1,2-Fucosyltransferase
Using Kanamycin Resistance Protein as a Phenotypic Reporter for Efficient Production of 2'-Fucosyllactose. [J].
Journal of microbiology and biotechnology, 2022,32(11):1471-1478.

[42] Yuanyuan Liu ,Aijun Tong , Xiaoxiang Gao , et al. Treponema primitia al-2-fucosyltransferase-catalyzed one-pot
multienzyme synthesis of fucosylated oligosaccharide lacto-N-fucopentaose | with antiviral activity against enterovirus
71[J].Food Chemistry: X,2022,14(prepublish):100273.

[43] Yoon Chang Ho,Ryu Jin Suk;Ko Jung Hwa, et al.Inhibition of Aberrant o(1,2)-Fucosylation at Ocular Surface
Ameliorates Dry Eye Disease[J]. International Journal of Molecular Sciences,2021,22(15):7863.

53





