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Introduction

Glycosylation is a major reaction in numerous biological processes, including cell communication, signaling and protection, and in energy storage. The in cellulo transfer of glycosyl from a donor to an acceptor substrate is almost exclusively catalyzed by Leloir glycosyltransferases (GTs) [START_REF] Nidetzky | Leloir Glycosyltransferases as Biocatalysts for Chemical Production[END_REF]. The demand for oligosaccharides and glycoconjugates has steadily increased over the last decades. Well-defined structures are needed to investigate the role of glycosylation in biological phenomena. In addition, there is growing interest in the application of bioactive oligosaccharides and glycoconjugates in the food, health, and cosmetic industries. GTs are not ideal candidates for the in vitro and large-scale synthesis of glycoproducts, since they use expensive donors that are in limited supply. Reverse phosphorolysis catalyzed by glycoside phosphorylases (GPs) is another option. Sucrose phosphorylases for example were proven to be efficient for glycosylglycerol, resveratrol glucoside, kojibiose or nigerose synthesis [START_REF] Franceus | Sucrose Phosphorylase and Related Enzymes in Glycoside Hydrolase Family 13: Discovery, Application and Engineering[END_REF]. However, such reactions may also have limitations: unfavorable thermodynamic equilibrium frequently occurs and sugar-1-phosphates are also rather expensive [START_REF] Puchart | Glycoside phosphorylases: Structure, catalytic properties and biotechnological potential[END_REF]. The third enzyme-based alternative is the use of glycoside-hydrolases (GHs), especially retaining GHs that cleave the osidic bond and retain the anomeric configuration [START_REF] Benkoulouche | Harnessing glycoenzyme engineering for synthesis of bioactive oligosaccharides[END_REF]. These enzymes use abundant substrates, such as disaccharides, oligosaccharides, and polysaccharides, which is advantageous in the context of bioeconomic development. Some GH families are naturally rich in very effective transglycosylases (TGs). This characteristic indicates evolutionary pathways between GHs and TGs, which can help researchers to create optimal synthetic tools. In this review, wild-type TGs have been targeted as prime examples to demonstrate the potential of these enzymes. Then, we focus on the strategies and methods used to accelerate the discovery of TGs and optimize their performance in synthesizing glycoproducts (Figure 1).

Native TGs for oligosaccharides

The TGs from GH families are enzymes that adopt a double-displacement as originally described by Koshland [START_REF] Koshland | Stereochemistry and the Mechanism of Enzymatic Reactions[END_REF][START_REF] Lombard | The carbohydrateactive enzymes database (CAZy) in 2013[END_REF] (Fig. 2a) or a substrate-assisted mechanism [START_REF] Muschiol | β-N-Acetylhexosaminidases for Carbohydrate Synthesis via Trans-Glycosylation[END_REF][START_REF] Fairbanks | The ENGases: versatile biocatalysts for the production of homogeneous N -linked glycopeptides and glycoproteins[END_REF] (Fig. 2b). In standard reaction conditions, the competition between transglycosylation and hydrolysis (T/H ratio) is under kinetic control.

Synthesis using naturally highly effective transglycosylases

These transglycosylases are involved in the synthesis or rearrangement of oligo or polysaccharide structures and can be found in the GH 13, 16, 68, 70 and 77 families. Their transglycosylation capacity is exceptional and mainly governed by the architecture of the active site that promotes interactions with the sugar acceptor while protecting the glycosyl-enzyme from water attack. These catalysts are some of the best tools to produce oligosaccharides, in particular as functional ingredients [START_REF] Moulis | GH13 amylosucrases and GH70 branching sucrases, atypical enzymes in their respective families[END_REF][START_REF] Kralj | Synthesis of fructooligosaccharides (FosA) and inulin (InuO) by GH68 fructosyltransferases from Bacillus agaradhaerens strain WDG185[END_REF][START_REF] Bivolarski | Synthesis of glucooligosaccharides with prebiotic potential by glucansucrase URE 13-300 acceptor reactions with maltose, raffinose and lactose[END_REF][START_REF] Farias | Prebiotics: Trends in food, health and technological applications[END_REF]. For example, inulooligosaccharides were obtained from sucrose using the GH68 inulosucrase InuO from Bacillus agaradhaerens [START_REF] Bivolarski | Synthesis of glucooligosaccharides with prebiotic potential by glucansucrase URE 13-300 acceptor reactions with maltose, raffinose and lactose[END_REF]. They are very similar to plant derived inulin with a degree of polymerization (DP) ranging from 2 to 24. Raffinose and lactose were also glucosylated, from sucrose, using the novel GH70 glucansucrase URE13-300 from Leuconostoc mesenteroides URE13, with conversion of 47% and 59%, respectively. The resulting oligosaccharides were efficiently metabolized by various probiotic strains [START_REF] Bivolarski | Synthesis of glucooligosaccharides with prebiotic potential by glucansucrase URE 13-300 acceptor reactions with maltose, raffinose and lactose[END_REF]. Other promising GH70 enzymes are the branching sucrases that graft isomaltooligosaccharides with α-1,3 linked glucosyl units, resulting in new and nondigestible functional ingredients [START_REF] Moulis | GH13 amylosucrases and GH70 branching sucrases, atypical enzymes in their respective families[END_REF][START_REF] Meng | Biochemical characterization of a GH70 protein from Lactobacillus kunkeei DSM 12361 with two catalytic domains involving branching sucrase activity[END_REF][START_REF] Te Poele | Development of Slowly Digestible Starch Derived α-Glucans with 4,6-α-Glucanotransferase and Branching Sucrase Enzymes[END_REF]. In addition, up to three GH70 and GH13 glucansucrases that synthesize different types of α-glucans were used in cascade to produce glucooligosaccharides with mixed but controlled types of linkages from sucrose only [START_REF] Grimaud | Enzymatic synthesis of polysaccharide-based copolymers[END_REF]. Extending this principle to other transglycosylases would certainly give rise to unusual and unique oligosaccharide structures.

Synthesis using weak to moderate transglycosylases.

Enzymes with weak synthetic ability are found in many GH families (e.g., GH1, 2, 16, 18, 20, 31, 35, 42A, 68 and 85). They display low T/H ratios and the transglucosylation products are often degraded by secondary hydrolysis. However, reaction engineering (i.e., high substrate concentrations; reduced water activity; modulated acceptor/donor ratios, pH, and temperature) can favorably impact transglycosylation [START_REF] Muschiol | β-N-Acetylhexosaminidases for Carbohydrate Synthesis via Trans-Glycosylation[END_REF][START_REF] Manas | Strategy in manipulating transglycosylation activity of glycosyl hydrolase for oligosaccharide production[END_REF][START_REF] Lu | β-Galactosidases: A great tool for synthesizing galactosecontaining carbohydrates[END_REF]. For example, β-galactosidases produce prebiotic βgalactooligosaccharides (GOS) at lactose concentrations higher than 200 g/L with a yield of more 50% [START_REF] Lu | β-Galactosidases: A great tool for synthesizing galactosecontaining carbohydrates[END_REF]. These enzymes can also catalyze chitosan galactosylation to produce oligosaccharides inhibiting the adhesion of enterotoxigenic bacteria [START_REF] Yan | Enzymatic Synthesis and Purification of Galactosylated Chitosan Oligosaccharides Reducing Adhesion of Enterotoxigenic Escherichia coli K88[END_REF]. Finally, the use of transglycosylases gains in interest to produce beneficial and non-digestible human milk oligosaccharides (HMO). Of the > 200 HMOs found in human milk, 29 structures have been produced enzymatically, as reviewed by Faijes et al. [START_REF] Faijes | Enzymatic and cell factory approaches to the production of human milk oligosaccharides[END_REF]. The latest developments mainly concern fucosylated compounds, which are involved in systemic immunity of breastfed babies [START_REF] Zeuner | Enzymatic transfucosylation for synthesis of human milk oligosaccharides[END_REF]. Recently, Shi et al. [START_REF] Shi | Biochemical characterization of a novel α-Lfucosidase from Pedobacter sp. and its application in synthesis of 3'-fucosyllactose and 2'-fucosyllactose[END_REF] reported the production of 2' and 3' fucosyllactose with conversion of up to 85% using a novel α-Lfucosidase from Pedobacter sp., with pNP-Fuc as the donor and lactose as the acceptor. Obtaining sialylated oligosaccharides is another challenge and a novel exo-α-sialidase from Bacteroides fragilis NCTC9343 was shown to produce 6'-sialyllactose, a dominant sialylated HMOs, from 40 mM sialic acid dimer and 1M lactose, with a conversion above 20% [START_REF] Guo | Enzymatic Synthesis of 6′-Sialyllactose, a Dominant Sialylated Human Milk Oligosaccharide, by a Novel exo-α-Sialidase from Bacteroides fragilis NCTC9343[END_REF].

Potential of wild-type TGs for glycoconjugate synthesis

Enzymatic decoration of secondary metabolites (polyphenol, terpenoids), alcohol or peptides with sugars is a robust method to access valuable and sought-after compounds with modified physico-chemical and biological properties compared with their aglycone counterparts [START_REF] Mrudulakumari Vasudevan | Flavonoids, terpenoids, and polyketide antibiotics: Role of glycosylation and biocatalytic tactics in engineering glycosylation[END_REF]. A broad variety of glycoconjugates with glucosyl, galactosyl, fucosyl, fructosyl or oligosaccharidyl moieties can be obtained by using TGs (Fig. 3, Table 1).

Glycosylation of plant secondary metabolites

Over the past two years, many different polyphenol structures (mainly flavonoids) have been glycosylated with GH13, GH70 glucansucrases and GH68 levansucrases, highlighting the broad acceptor promiscuity of these catalysts. Transglycosylation modulates the hydrophilic/hydrophobic balance. For example, daidzin-mono and di-glucosides are 127 and 1686 times more soluble than daidzin, respectively [START_REF] Rha | Simple and Efficient Production of Highly Soluble Daidzin Glycosides by Amylosucrase from Deinococcus geothermalis[END_REF]. The conversion, regioselectivity and degree of glycosylation are substrate and enzyme dependent (Table 1). By taking advantage of the distinct product specificity of two levansucrases from Gluconacetobacter diazotrophicus and Bacillus subtilis, a one-pot bi-enzymatic cascade was successfully implemented to produce puerarinpolyfructosides [START_REF] Núñez-López | One-pot bi-enzymatic cascade synthesis of puerarin polyfructosides[END_REF]. Glucansucrases (GH70) and cyclodextrin glucanotransferases have also been shown to glucosylate a large diversity of terpenoids, including ginsenoside, steviol glycosides and stilbenes. The new-tonature α-glycosylated ginsenoside F1 (G1-F1) outperforms ginsenoside in terms of solubility, cytotoxicity and inhibiting effect toward tyrosinase for dermocosmetic applications [START_REF] Moon | Synthesis of a Novel α-Glucosyl Ginsenoside F1 by Cyclodextrin Glucanotransferase and Its In Vitro Cosmetic Applications[END_REF]. Similarly, α-redaubioside C glucosylation has improved sweetness and solubility, but reduced bitterness compared with redaubioside C [START_REF] Yang | Study on Transglucosylation Properties of Amylosucrase from Xanthomonas campestris pv. Campestris and Its Application in the Production of α-Arbutin[END_REF]. Hence, promising results have been obtained on generating novel glycoproducts from plant secondary metabolites to modulate their bioactivity.

Glycosylation of other hydroxylated compounds

There has been increasing interest in using glycopolymers (synthetic polymers with carbohydrate pendants) to study protein-sugar interactions and for biomaterials for gene therapy, drug delivery, disease inhibition, and biosensors [START_REF] Pramudya | Recent progress of glycopolymer synthesis for biomedical applications[END_REF]. Glycopolymers can be obtained by chemical polymerization of glyco-monomers. A variety of transglycosylases have been used to enzymatically produce β-mannosyl acrylates and β-glucosyl acrylamide [START_REF] Adharis | Chapter Eight -Synthesis of glycomonomers via biocatalytic methods[END_REF][START_REF] Rosengren | Enzymatic synthesis and polymerisation of β-mannosyl acrylates produced from renewable hemicellulosic glycans[END_REF]. Hoffmann et al. [START_REF] Hoffmann | Enzymatic Synthesis of 2-(β-Galactosyl)-ethyl Methacrylate by β-Galactosidase from Pyrococcus woesei and Application for Glycopolymer Synthesis and Lectin Studies[END_REF] reported the gram scale synthesis of 2-(β-galactosyl)-ethyl methacrylate using the hyperthermostable β-glycosidase (GH1) from Pyrococcus woesei and a pNP-Gal/methacrylate ratio of 1/140 to achieve a yield of 88%. Different glycoside hydrolases from the GH5, GH13, GH39, GH52 families were also tested for their ability to synthesize alkyl glycosides and to produce a new variety of biosurfactants. GH20 β-N-acetylhexosaminidases can also be used for glycoconjugate synthesis. The enzyme from Penicillium oxalicum was recently found capable of transferring GalNac from pNP-GalNAc using a broad range of acceptors, including secondary and tertiary alcohols, coniferyl alcohol, inositol, and pyridine-3-aldoxim [START_REF] Nekvasilová | A novel enzymatic tool for transferring GalNAc moiety onto challenging acceptors[END_REF]. A recently discovered endo-1,3-fucanase from the marine bacterium Wenyingzhuangia fucanilytica (GH168 family) was reported to transfer sulfated fucose to glycerol and methanol from sulfated fucan, revealing a promising synthetic activity for the synthesis of sulfated glycoconjugates [START_REF] Shen | Discovery and Characterization of an Endo-1,3-Fucanase From Marine Bacterium Wenyingzhuangia fucanilytica: A Novel Glycoside Hydrolase Family[END_REF].

Increasing the repertoire of usable TGs for developing new pathways for naturally occurring glycosylated compounds or for synthesizing novel molecules is of great interest but not without challenges. However, recent advances give cause for optimism.

Table1: Glycoconjugate synthesis catalyzed by transglucosylases reported over the two last years 

Future directions to increase the panel of usable TGs

How to tap into biodiversity in an intelligent way?

Bioinformatic tools are used to explore sequence databases and extract sequences that encode efficient transglycosylases, but this is not without limitations. Phylogenetic analyzes based on Multiple Sequence Alignment (MSA) or sequence similarity networks (SSNs) generate robust data to categorize GH subfamilies. However, GH transglycosylation capability and enzyme substrate promiscuity toward donor or acceptor substrates are not clearly predicted, as recently illustrated by the SSN analysis of 23 000 sequences from the GH16 family [START_REF] Viborg | A subfamily roadmap of the evolutionarily diverse glycoside hydrolase family 16 (GH16)[END_REF]. This large family contains both hydrolases and transglycosylases that cleave the β-1,4or β-1,3-glucosidic bonds of several glucans and galactans e.g. endo-β-1,3-glucanases, endo-β-1,3/β1,4-glucanases, β-1,3 glucanosyl transferases, hyaluronidase, elongating β-1,3-transglucosylase, etc. [START_REF] Qin | Catalytic Mechanism of a Novel Glycoside Hydrolase Family 16 "Elongating" β-Transglycosylase[END_REF]. The SSN approach rapidly distinguished 23 different subfamilies; results were similar to those obtained from classical phylogenetic approaches using a more restricted set of sequences. However, it failed to segregate hydrolases and transglycosylases [START_REF] Qin | Catalytic Mechanism of a Novel Glycoside Hydrolase Family 16 "Elongating" β-Transglycosylase[END_REF] found in four fungal subfamilies ((GH16_1, GH16_2, GH16_18, and GH16_19)) and one plant subfamily (GH16_20) because the sequence determinants of transglycosylation were too diluted. In this context, coupling the acquisition of biochemical and structural information with machine learning approaches is a promising emerging alternative as exemplified by Yang et al. [START_REF] Yang | Functional and informatics analysis enables glycosyltransferase activity prediction[END_REF] who predicted the transferase activity of GT1 glycosyltransferases from Arabidopsis thaliana. First, a functional dataset was generated by screening the library of 107 GT1s against 13 potential electrophilic donors and 91 nucleophilic acceptors using high-throughput MS based assays. The results obtained with 54 active GT1s were then used to train decision tree models incorporating physico-chemical information. The models successfully validated uncharacterized glycosyltransferase annotations and predicted reactivity of novel substrates. Such strategies could be extended to predict the functional profile of transglycosylases that also adopt a retaining mechanism working on an electrophilic donor and nucleophilic acceptor.

Expanding the scope of glycoside synthesis using enzyme engineering

Random technologies

Protein engineering technologies offer many options to improve TG performance with the objectives of increasing the T/H ratio and catalytic efficiency, and improving thermostability and/or substrate specificity. Directed evolution involving iterative cycles of random gene diversification coupled with selective screening is the most powerful method in the absence of structural or mechanistic information on the enzyme. However, this approach is rarely applied to TG engineering due to the lack of screening tests for the direct detection of transglycosylation products at very high throughputs (>10 6 mutants per day) without relying on surrogate or labeled substrates. To by-pass this technical limitation, Daudé et al. [START_REF] Daudé | Neutral Genetic Drift-Based Engineering of a Sucrose-Utilizing Enzyme toward Glycodiversification[END_REF] applied the "neutral genetic drift" laboratory-driven method to evolve the amylosucrase from Neisseria polysaccharea. The method generated iteratively small-sized libraries that accumulated random amino-acid changes and did not modify the parental enzyme function. After four rounds, a library of 500 variants was screened using conventional liquid chromatography and variants were identified with enhanced activity toward an alternative donor and several acceptors of which one was not recognized by the parental enzyme. This demonstrates the efficiency of the method for multi-parameter engineering of TGs at low throughput. Moreover, for ultra-high throughput screening (excellently reviewed in Markel et al. [START_REF] Markel | Advances in ultrahigh-throughput screening for directed enzyme evolution[END_REF]), emerging versatile technologies, such as MALDI-MS detection of analytes on colonies or label-free ESI-MS droplet screening, which should be extendable to many enzyme families, clearly open interesting perspectives for screening fully randomized libraries of TGs [START_REF] Holland-Moritz | Mass Activated Droplet Sorting (MADS) Enables High-Throughput Screening of Enzymatic Reactions at Nanoliter Scale[END_REF]. Such advances will also considerably accelerate biochemical data acquisition. We can expect a massive increase of QSAR methods and machine learning approaches to train algorithms and extract valuable information in order to track TG sequences in databases, further understand the mechanisms sustaining transglycosylation, and better guide the rational engineering of TGs.

Rational approaches

To date, rational and/or semi-rational methods have clearly taken center stage in TG engineering. They incorporate mechanistic and structural data, increasingly rely on protein/ligand interactions obtained from Xray structures or molecular modeling approaches, and also start to integrate data from computational protein design algorithms [START_REF] Benkoulouche | Harnessing glycoenzyme engineering for synthesis of bioactive oligosaccharides[END_REF]. The generation of glycosynthases and thioligases is certainly one the best illustrations of mechanism-based engineering that have made synthetic oligosaccharides and glycoconjugates widely available today. In glycosynthases, the catalytic nucleophile is mutated and the enzyme is fed with an activated donor substrate showing an anomeric configuration opposite to that of the natural substrate. After transfer to a suitable acceptor, no further hydrolysis can occur [START_REF] Hayes | Synthesis of Glycosides by Glycosynthases[END_REF]. Numerous αor β-glycosynthases from different GH families have been obtained to produce a broad range of oligosaccharides and glycoconjugates at the laboratory scale. A new pipeline for the generation of custom glycosynthases with new activities has recently been reported [START_REF] Armstrong | Systematic Screening of Synthetic Gene-Encoded Enzymes for Synthesis of Modified Glycosides[END_REF][START_REF] Chen | Synthesis of azido-deoxy and amino-deoxy glycosides and glycosyl fluorides for screening of glycosidase libraries and assembly of substituted glycosides[END_REF]. A library of 175 GHs from the GH1 family, produced from synthetic genes, was first screened for hydrolysis of 6-amino-and azido-glucoside donors. The most active hits (8 out of 106) were subsequently tested against 83 different acceptors. Seven new glycosynthases synthesizing di-and trisaccharides labeled with azido or amino groups were generated, thus validating a strategy, which could be extended to other GH families. The concept has been extended to enzymes from the GH18, 20 and 85 families mainly for HMO [START_REF] Muschiol | β-N-Acetylhexosaminidases for Carbohydrate Synthesis via Trans-Glycosylation[END_REF] and glycoprotein synthesis [START_REF] Fairbanks | The ENGases: versatile biocatalysts for the production of homogeneous N -linked glycopeptides and glycoproteins[END_REF]. Notably, a chemoenzymatic process for lacto-N-triose II (LNT II) production, which used D746E glycosynthase derived from GH20 β-D-hexosaminidase LnbB from Bifidobacterium, converted 90% of GlcNac-1,2 oxazoline and lactose (both at 600mM) to obtain 500 mM (280 g/L) of LNT II [START_REF] Schmölzer | Lacto-N-tetraose synthesis by wild-type and glycosynthase variants of the β-N-hexosaminidase from Bifidobacterium bifidum[END_REF]. The same enzyme was immobilized on agarose beads and used in a packed-bed reactor to produce LNT II with quantitative yields in continuous flow [START_REF] Ruzic | Glycosynthase reaction meets the flow: Continuous synthesis of lacto-N-triose II by engineered β-hexosaminidase immobilized on solid support[END_REF]. These processes outperform the current alternatives and highlight that both the enzyme and reaction need to be considered to optimize transglycosylation reactions. Another type of incompetent hydrolase, namely the thioglycoligases, is obtained by mutating GHs on their acid/base catalysts. They work with a donor exhibiting a good leaving group and a nucleophile with a low pKa. The range of glycosides prepared with these engineered enzymes has significantly increased during the two last years [START_REF] Pavic | Diversion of a thioglycoligase for the synthesis of 1-O-acyl arabinofuranoses[END_REF][START_REF] Tegl | Facile Formation of β-thioGlcNAc Linkages to Thiol-Containing Sugars, Peptides, and Proteins using a Mutant GH20 Hexosaminidase[END_REF]. Hence, thioligases have been designed to react with acids and produce arabino-and galacto-furanosyl esters [START_REF] Pavic | Diversion of a thioglycoligase for the synthesis of 1-O-acyl arabinofuranoses[END_REF].

The redesign of the glycone and aglycone subsites is certainly the most appealing option to modulate T/H ratio without altering the retaining mechanism. To this purpose, mutations causing destabilization of hydrolysis transition state, disruption of catalytic water binding, together with a better recognition of acceptors are often attempted [START_REF] Lombard | The carbohydrateactive enzymes database (CAZy) in 2013[END_REF][START_REF] Grimaud | Enzymatic synthesis of polysaccharide-based copolymers[END_REF] but it must be underlined that understanding at the molecular level their impact on T/H ratio can be challenging [START_REF] Romero-Téllez | Comparing Hydrolysis and Transglycosylation Reactions Catalyzed by Thermus thermophilus β-Glycosidase. A Combined MD and QM/MM Study[END_REF]. A sequence-based approach using iterative MSA was recently applied to point the most conserved residues (6 to 12) in GHs from several families (e.g. Family GH 2,[START_REF] Kralj | Synthesis of fructooligosaccharides (FosA) and inulin (InuO) by GH68 fructosyltransferases from Bacillus agaradhaerens strain WDG185[END_REF][START_REF] Zeuner | Enzymatic transfucosylation for synthesis of human milk oligosaccharides[END_REF][START_REF] Adharis | Chapter Eight -Synthesis of glycomonomers via biocatalytic methods[END_REF][START_REF] Garcia-Arellano | Production and Surfactant Properties of Tert-Butyl α-d-Glucopyranosides Catalyzed by Cyclodextrin Glucanotransferase[END_REF]. Replacing them with structural analogs increased by 2 to 9 fold the transglycosylation yield for more than 50% of the mutants indicating the method is worth to be tested with other retaining GHs (IMN Teze et al., bioRxiv doi: 10.26434/chemrxiv.11538708.v1). Several studies also suggested that mutations affecting the acid-base catalyst flexibility enhance transglycosylation [START_REF] David | Toward the design of efficient transglycosidases: the case of the GH1 of Thermus thermophilus[END_REF][START_REF] Lundemo | Eliminating hydrolytic activity without affecting the transglycosylation of a GH1 β-glucosidase[END_REF]. Loop engineering has been very effective in shifting the reaction toward acceptor glycosylation and generating efficient TGs from a GH20 hexosaminidase [START_REF] Muschiol | β-N-Acetylhexosaminidases for Carbohydrate Synthesis via Trans-Glycosylation[END_REF]. Acceptor subsites have also been successfully reshaped on several occasions to adapt sucrose active-enzymes from the GH70 and GH13 families to bulky flavonoids [START_REF] Malbert | Extending the Structural Diversity of α-Flavonoid Glycosides with Engineered Glucansucrases[END_REF] or chemically protected saccharides [START_REF] Verges | Computer-Aided Engineering of a Transglycosylase for the Glucosylation of an Unnatural Disaccharide of Relevance for Bacterial Antigen Synthesis[END_REF], and generate TGs from the GH68 levansucrase [START_REF] Possiel | Exploring the sequence variability of polymerization-involved residues in the production of levan-and inulin-type fructooligosaccharides with a levansucrase[END_REF] and GH70 dextransucrase [START_REF] Claverie | Futile Encounter Engineering of the DSR-M Dextransucrase Modifies the Resulting Polymer Length[END_REF] synthesizing size-defined oligosaccharides and polymers. Finally, the engineering, deletion or addition of domains, which are far from the catalytic sites, but are known to mediate binding with transglycosylation products, offer interesting perspectives to control glycan or oligosaccharide size. Two examples can be given. First, one mutation in the sugar binding pocket of domain V of several GH70 glucansucrases and/or the deletion of this domain produced downsized polymers [START_REF] Claverie | Processivity of dextransucrases synthesizing very-high-molar-mass dextran is mediated by sugar-binding pockets in domain V[END_REF][START_REF] Molina | A specific oligosaccharide-binding site in alternansucrase catalytic domain mediates alternan elongation[END_REF][START_REF] Molina | Deciphering an Undecided Enzyme: Investigations of the Structural Determinants Involved in the Linkage Specificity of Alternansucrase[END_REF].

Second, the inverse addition of a family 3 carbohydrate-binding module to the glycosynthase derived from the GH5 cellulase CelE from Clostridium thermocellum favored the formation of oligosaccharides up to DP5 [START_REF] Bandi | Carbohydrate-binding domains facilitate efficient oligosaccharides synthesis by enhancing mutant catalytic domain transglycosylation activity[END_REF].

Conclusion

Transglycosylases are effective tools to synthesize a wide variety of oligosides. A large number of proteins are available in nature that are currently not being exploited. Advances in gene sequencing and synthesis, combined with the development of ultrafast screening assays possibly coupled with the generic detection of glycosylation products, should considerably accelerate the acquisition of biochemical data and the discovery of novel catalysts. Therefore, transglycosylase profiling on a broader set of donor and acceptor substrates should be conducted in a much more systematic manner in order to generate high quality data that will complement computer-based protein design and machine learning algorithms to improve rational protein design approaches. Using transglycosylases of different specificities in one-pot synthesis or in cascade reactions can further diversify the panel of molecules that can be synthesized using TGs. Researchers should also consider using chemical steps in the synthesis process since they can increase yields and comply with the rules of green chemistry, especially if the toxic compounds can be easily recycled. More generally, an eco-design approach based on life cycle analysis needs to be followed as early as possible in the synthetic process, to ensure the eco-responsible synthesis of glycoproducts [START_REF] Ahmadi | An eco-design approach for an innovative production process of low molar mass dextran[END_REF].
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