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Introduction

Drug discovery is empowered by screening technologies, [START_REF] Kodadek | Rethinking screening[END_REF] however, synthesizing and screening diverse libraries containing meaningful molecular complexity is not an easy task. This challenge continues to inspire the development of enabling technologies, some of which have been embraced in the drug discovery process such as phage display, [START_REF] Smith | Filamentous fusion phage: novel expression vectors that display cloned antigens on the virion surface[END_REF][START_REF] Clackson | Making antibody fragments using phage display libraries[END_REF][START_REF] Smith | Phage Display[END_REF] fragment-based approach, [START_REF] Baker | Fragment-based lead discovery grows up[END_REF] and DNA-encoded libraries. [START_REF] Brenner | Encoded combinatorial chemistry[END_REF][START_REF] Needels | Generation and screening of an oligonucleotide-encoded synthetic peptide library[END_REF][START_REF] Goodnow | DNA-encoded chemistry: enabling the deeper sampling of chemical space[END_REF][START_REF] Shi | Recent advances on the encoding and selection methods of DNA-encoded chemical library[END_REF][START_REF] Neri | DNA-Encoded Chemical Libraries: A Selection System Based on Endowing Organic Compounds with Amplifiable Information[END_REF] Dynamic combinatorial library (DCL) offers an elegant solution to the generation of libraries by linking fragments transiently through reversible covalent chemistry, thus generating higher molecular diversity that can adapt to the a selection pressure from a target of interest (Figure 1A). [START_REF] Huc | Virtual combinatorial libraries: Dynamic generation of molecular and supramolecular diversity by self-assembly[END_REF][START_REF] Ramström | Drug discovery by dynamic combinatorial libraries[END_REF][START_REF] Otto | Dynamic combinatorial chemistry[END_REF][START_REF] Otto | Recent developments in dynamic combinatorial chemistry[END_REF][START_REF] Corbett | Dynamic Combinatorial Chemistry[END_REF][START_REF] Ladame | Dynamic combinatorial chemistry: on the road to fulfilling the promise[END_REF][START_REF] Mondal | Dynamic combinatorial chemistry: a tool to facilitate the identification of inhibitors for protein targets[END_REF][START_REF] Lehn | From supramolecular chemistry towards constitutional dynamic chemistry and adaptive chemistry[END_REF] Following the seminal report of Huc and Lehn demonstrating the selection of a carbonic anhydrase inhibitor from a library a dynamic imine, [START_REF] Huc | Virtual combinatorial libraries: Dynamic generation of molecular and supramolecular diversity by self-assembly[END_REF] progress has been hampered by two main challenges; identifying robust and general chemistries that allows dynamic exchange on the time-scale of the screening conditions and deconvolution of the selected product. While a number of reactions have been reported in DCL, [START_REF] Huc | Virtual combinatorial libraries: Dynamic generation of molecular and supramolecular diversity by self-assembly[END_REF][START_REF] Ramström | Drug discovery by dynamic combinatorial libraries[END_REF][START_REF] Brady | Living' macrolactonisation: thermodynamically-controlled cyclisation and interconversion of oligocholates[END_REF][START_REF] Star | Dioxadiazadecalin/Salen Tautomeric Macrocycles and Complexes: Prototypal Dynamic Combinatorial Virtual Libraries[END_REF][START_REF] Lehn | Dynamic combinatorial chemistry and virtual combinatorial libraries[END_REF] difference in reactivity amongst the fragments can lead to biases in the product distribution and hence, identification of the fittest combination. [START_REF] Severin | The advantage of being virtual-target-induced adaptation and selection in dynamic combinatorial libraries[END_REF][START_REF] Saur | Selection experiments with dynamic combinatorial libraries: the importance of the target concentration[END_REF] Ideally, for screens against a protein, fragment recombination is highly dynamic at conditions close to physiological environment of the protein to allow for the constitution of the library to respond to the selection pressure. This challenge is exacerbated by the limitations imposed by the A B ST R A C T Selections from dynamic combinatorial libraries (DCL) benefit from the dynamic nature of the library that can change constitution upon addition of a selection pressure, such as ligands binding to a protein. This technology has been predominantly used with small molecules interacting with each other through reversible covalent interaction. However, application of this technology in biomedical research and drug discovery has been limited by the reversibility of covalent exchange and the analytical deconvolution of small molecule fragments. Here we report a supramolecular approach based on the use of a constant short PNA tag to direct the combinatorial pairing of fragment. This PNA tag yields fast exchange kinetics, while still delivering the benefits of cooperativity, and provides favourable properties for analytical deconvolution by MALDI. A selection of > 6 000 assemblies of glycans (mono-, di-, trisaccharides) targeting AFL, a lectin from pathogenic fungus, yielded a 95 nM assembly, nearly three orders of magnitude better in affinity than the corresponding glycan alone (41 µM). selection conditions and, is proportional to library size. For instance, the combination of two sets of 100 fragments can generate a combinatorial output of 10 000 combinations. Under ideal thermodynamic equilibrium, each permutation will be present at 0.01% of the library concentration; however, in the presence of the selection pressure, the fittest combination could rise to 1% of the library concentration. The larger the fragment set, the more amplification for a given combination can be achieved following a selection pressure. Recently, the groups of Yixin Zhang and Xiaoyu Li reported important advances in the field by including DNA-tags that direct the association of the fragments and encode their structure, thus enabling sequencing technologies to analyze the selection outcome. [START_REF] Reddavide | DNA-Encoded Dynamic Combinatorial Chemical Libraries[END_REF][START_REF] Li | Design, preparation, and selection of DNA-encoded dynamic libraries[END_REF][START_REF] Zhou | DNA-Encoded Dynamic Chemical Library and Its Applications in Ligand Discovery[END_REF][START_REF] Reddavide | Second generation DNA-encoded dynamic combinatorial chemical libraries[END_REF] We have recently demonstrated that the oligomeric interaction of a lectin with epithelial cells can be inhibited with a fucose-PNA conjugate that does not form stable dimer in solution but benefits from cooperativity between ligand-protein interaction and PNA hybridization. [START_REF] Machida | Dynamic Cooperative Glycan Assembly Blocks the Binding of Bacterial Lectins to Epithelial Cells[END_REF] Herein, we explore the utility of such highly dynamic assemblies for DCC screening (Figure 1B) and demonstrate a simple MALDI analysis of the selection outcome (libraries contain > 6 000 possible assemblies).

Results and discussion

The use of hybridization to pair ligand and gain in affinity through cooperative interactions with a target is well established. [START_REF] Melkko | Encoded selfassembling chemical libraries[END_REF][START_REF] Daguer | DNA-templated combinatorial assembly of small molecule fragments amenable to selection/amplification cycles[END_REF][START_REF] Gorska | DNA-Templated Homo-and Heterodimerization of Peptide Nucleic Acid Encoded Oligosaccharides that Mimick the Carbohydrate Epitope of HIV[END_REF][START_REF] Abendroth | DNA-Controlled Bivalent Presentation of Ligands for the Estrogen Receptor[END_REF][START_REF] Englund | Programmable multivalent display of receptor ligands using peptide nucleic acid nanoscaffolds[END_REF][START_REF] Yamabe | Binding inhibition of various influenza viruses by sialyllactose-modified trimer DNAs[END_REF] However, the majority of studies reported so far used relatively long duplexes to achieve stable pairing between ligands. We showed that in one case, this could be reduced to an extremely short length PNA oligomer (4-mer) while preserving the cooperativity. [START_REF] Machida | Dynamic Cooperative Glycan Assembly Blocks the Binding of Bacterial Lectins to Epithelial Cells[END_REF] Peptide nucleic acids (PNAs) is a convenient platform to tag ligands since its chemistry is comparatively more permissive than that of DNA and is compatible with standard solid phase synthesis of the library. [START_REF] Egholm | PNA hybridizes to complementary oligonucleotides obeying the Watson-Crick hydrogenbonding rules[END_REF][START_REF] Nielsen | Peptide nucleic acid. A molecule with two identities[END_REF][START_REF] Barluenga | PNA as a Biosupramolecular Tag for Programmable Assemblies and Reactions[END_REF][START_REF] Zambaldo | PNA-encoded chemical libraries[END_REF] The use of such short sequences ensures a highly dynamic exchange (duplex Kd > 1 µM; kon ≃ 10 6 s -1 M -1 ; koff > 1 s -1 ). [START_REF] Chang | Critical Analysis of Rate Constants and Turnover Frequency in Nucleic Acid-Templated Reactions: Reaching Terminal Velocity[END_REF] Short PNA ionize very well by MALDI and a 4-mer PNA is sufficient to push the molecular weight of any adduct outside of the noise arising from the matrix. We reasoned that a constant tag in a library could harmonize the detection of selected library member in a MALDI-based MSanalysis. This deconvolution would be desirable in accelerating the analysis of selection compared to DNA sequencing approaches.

To investigate the utility of the PDCL in order to identify new bidentate ligands, we focused our efforts on the discovery of new binders for medically relevant lectin. AFL (or FleA) is a carbohydrate-binding protein from Aspergillus fumigatus lectin which plays a key role in the A. fumigatus colonization of human host and the development of the infection. [START_REF] Houser | A Soluble Fucose-Specific Lectin from Aspergillus fumigatus Conidia -Structure, Specificity and Possible Role in Fungal Pathogenicity[END_REF][START_REF] Kuboi | Molecular characterization of AfuFleA, an l-fucose-specific lectin from Aspergillus fumigatus[END_REF][START_REF] Richard | Human Bronchial Epithelial Cells Inhibit Aspergillus fumigatus Germination of Extracellular Conidia via FleA Recognition[END_REF] There are current fungicides against A. fumigatus, [START_REF] Klepser | The value of amphotericin B in the treatment of invasive fungal infections[END_REF][START_REF] Kohno | Intravenous micafungin versus voriconazole for chronic pulmonary aspergillosis: A multicenter trial in Japan[END_REF] however, the increasing resistance of A. fumigatus strains to these treatments urges alternative approaches targeting different pathways. [START_REF] Sharon | Carbohydrates as future anti-adhesion drugs for infectious diseases[END_REF][START_REF] Lehot | Multivalent Fucosides with Nanomolar Affinity for the Aspergillus fumigatus Lectin FleA Prevent Spore Adhesion to Pneumocytes[END_REF][START_REF] Le | Investigation of the Binding Affinity of a Broad Array of l-Fucosides with Six Fucose-Specific Lectins of Bacterial and Fungal Origin[END_REF][START_REF] Goyard | Multivalent Glycomimetics with Affinity and Selectivity toward Fucose-Binding Receptors from Emerging Pathogens[END_REF] The best ligand reported to date is a hexavalent cluster with Kd of 18 nM. [START_REF] Goyard | Multivalent Glycomimetics with Affinity and Selectivity toward Fucose-Binding Receptors from Emerging Pathogens[END_REF] The bacterial lectin from Ralstonia solanacearum (RSL) has strong similarity with AFL and almost identical fucose binding sites. [START_REF] Kostlánová | The fucosebinding Lectin from Ralstonia solanacearum a new type of β-propeller architecture formed by oligomerization and interacting with fucoside, fucosyllactose, and plant xyloglucan[END_REF] Binding of this lectin to epithelial glycans is sufficient to induce membrane invagination and uptake. [START_REF] Arnaud | Reduction of Lectin Valency Drastically Changes Glycolipid Dynamics in Membranes but Not Surface Avidity[END_REF][START_REF] Arnaud | Membrane Deformation by Neolectins with Engineered Glycolipid Binding Sites[END_REF] 

Selection and detection of PNA-Dynamic Combinatorial library screens

We envisioned the selection to be performed by affinity purification of the fittest assembly as shown in Figure 2A. The library, which is in dynamic equilibrium, is challenged with the target, immobilized on magnetic beads. During the incubation, a self-sorting should drive the equilibrium towards enrichment of the fittest assembly which remains associated to the protein.

Washing the beads then removes the excess library members. However, there is a fine balance between the stringency of the equilibration and washes (the more stringent, the higher the probably to drive the equilibrium to the optimal solution and remove suboptimal binders) and detection (the more stringent the washes, the lower the quantity of recovered material), as illustrated in Figure 2B. The parameters are likely to be unique for each library/target combination and a rapid assessment of a selection would greatly facilitate optimization. This work flow was tested for RSL with two fragments: fucose that binds with low µM affinity and glucose which does not have measurable affinity. The ratio of the two fragments was measured by integrating the intensity of the MS peaks obtained by MALDI. As shown in Figure 2C, only the glucose fragment is detected in the selection flow through, and the desired fucose fragment can be recovered using an elution at 95 ºC. It was observed that the addition of detergent (0.05% Tween-20) into the buffer was crucial in order to remove of all the non-binders. As a negative control, the same library was subjected to a selection against no protein (only the streptavidin beads), and none of the members of the library members were detected in the elution (Fig. 2D). Next, we envision mimicking a larger PDCL by including only 1% of the fucose-PNA fragment (i.e. mimicking a 100 x100 fragment = 10 000 assemblies). This library was screened under the same conditions (0.05 µg of protein immobilized on 10 µL of resin, 10 pmol of Fuc-PNA, 2 nmol of Glc-PNA, incubated in 50 µL of buffer; 6 x 50 µL washes), and only the fucose fragment was detected upon elution (Fig. 2D). This shows the potential of dynamic combinatorial libraries in which starting from a 0.01% of Fuc-Fuc dimer in the library, addition of the protein and equilibration for 1h (i.e. raising the concentration of Fuc-Fuc up to 1% of library) is sufficient to yield detectable amount of product. However, under the same conditions, selection against AFL did not afford any product. The weaker affinity of AFL for fucose or the lack of structural diversity in this pilot study were thought to contribute to this unproductive selection. We thus set out to prepare a library which included 2'fucosyllactose, as a more representative member of epithelial glycans involved in lectin adhesion. Furthermore, this validation was performed with a palindromic PNA tag (GGCC) which can self-hybridized but does not allow to discriminate between two members self-pairing individually or forming a heterodimer (AA + BB vs AB). To avoid this ambiguity, the library was designed with sequences that are not palindromic and can only hybridize to the designed complementary strand.

Synthesis of the 5,000-member library

A library (150 different members, resulting in 5 000 assemblies) of different glycans conjugated to the PNA via diverse linkers (varying length, flexibility and electrostatic nature) and position (glycan on the same end or opposite ends of the hybridization complex) was prepared using split and mix synthesis [START_REF] Furka | General-Method for Rapid Synthesis of Multicomponent Peptide Mixtures[END_REF][START_REF] Houghten | Generation and Use of Synthetic Peptide Combinatorial Libraries for Basic Research and Drug Discovery[END_REF] (Fig. 3A). The resins bearing the different PNA sequence necessary for the assembly, CGGC with an amine for functionalization at the N-terminus and C-terminus that are complementary to GCCG with an amine for functionalization at the N-terminus were mixed and split into five pools. To avoid mass redundancy, a serine at the C-terminus of the third sequence was included. Standard peptide couplings were used to introduce the linkers (a flexible PEG, a rigid pentaproline, a positively charged pentalysine and a negatively charged pentaglutamic acid) and the pools were mixed and split again for the conjugation to 10 different glycans (mono-, di-and trisaccharide). The glycans were functionalized with an azide except the Glc-NAc cluster which contained and carboxylic acid moiety. In the latter case, it was conjugation via amide bond formation, in all other cases, the linker was extended with propargyl glycine in order to perform the CuAAC conjugation (see scheme S1 for full synthetic details). Each pool was analyzed by MALDI to confirm the completion of the synthetic path (>10% truncated sequences present in the library). One side reaction was noted during this analysis, partial acylation of a lysine in compounds containing the pentalysine linker. Since this side reaction was not seen as detrimental to the library, no efforts were invested in circumventing this side reaction. Considering this permutation, more than 6 000 assemblies are present in the dynamic library.

Screening of AFL and RSL

With this library in hand, we set out to perform the screen against AFL and RSL (Figure 4). As discussed in the screening optimization, a key factor in the selection is the stringency of the selection conditions. The simplest factor to change is the temperature at which the washing steps are done. For this purpose, the Tm of both AFL and RSL was measured using Differential Scanning Fluorimetry (DSF), yielding a Tm of 52.1ºC for AFL and 87.5ºC for RSL (Fig. 4B) which is in agreement with previously reported values. [START_REF] Houser | A Soluble Fucose-Specific Lectin from Aspergillus fumigatus Conidia -Structure, Specificity and Possible Role in Fungal Pathogenicity[END_REF][START_REF] Tobola | Effect of Noncanonical Amino Acids on Protein-Carbohydrate Interactions: Structure, Dynamics, and Carbohydrate Affinity of a Lectin Engineered with Fluorinated Tryptophan Analogs[END_REF] Keeping a margin of 20ºC to avoid protein denaturation, the washing steps for AFL and RSL could be performed at up to 30ºC and 60ºC respectively. With this information in hand, the screening the PDCL (>6 000 assemblies) was performed according to the same conditions used in the optimization (0.05 µg of protein immobilized on 10 µL of resin, 10 pmol of each member of the library, incubated in 1 mL of buffer; 6 x 50 µL washes). While MALDI analysis of the starting library is so densely packed with signal (MW range of the library: 1.5 KDa -3.3 KDa), it appears as a noisy baseline, the analysis of product recovered after selection against AFL shows distinct peaks (Fig. 4C, Panel 1). The four most intense peaks contain 2'fucosyl lactose, exclusively pairing ligand at opposite ends of the PNA duplex (M+N, no significant selection of M+C). Selection against of RSL at room temperature afforded a larger set of compounds. While this selection yielded exclusively assemblies bearing the 2'fucosyl lactose, there is no clear selection for a particular linker type (Fig. 4C,Panel 3). Performing the selection under more stringent conditions at 60 ºC yielded a single prominent assembly: 2'fucosyl lactose linked at opposite ends with a pentalysine linker (MKA+NKA, Fig. 4C, Panel 4).

Validation of the hits

In order to validate the results obtained during the selection of the PDCL, the sequences selected for both AFL and RSL were individually synthesized. For comparison, the sequence bearing the PEG linker (X) was also included since it was used in the selection performed in Figure 2 and had been previously reported. [START_REF] Machida | Dynamic Cooperative Glycan Assembly Blocks the Binding of Bacterial Lectins to Epithelial Cells[END_REF] The affinity of AFL and RSL for the glycan itself, 2'fucosyl lactose, is vastly different (41µM and 0.38 µM for AFL and RSL respectively). While the linker-PNA adduct has a slight detrimental impact on the affinity towards RSL, it yielded very significant gain in affinity for AFL (41µM → 0.34 µM) with the pentalysine linker (MKA-N). Indeed, the three best assemblies for AFL contain a pentalysine linker (entry 7, 12, 13) with an affinity ranging from 0.094 µM to 0.16 µM. While the difference between assemblies with a single pentalysine linker and two lysine linker is moderate (entry 7, 10, 11, 12 vs 13), the difference between the best assembly (two pentalysine linkers and the assembly bearing two neutral linkers of comparable atomic length (two PEGs) is notable (0.094 vs > 1.0 µM, entry 13 vs 9). Overall, the affinities measured closely parallel the results obtained in the selection and the best assembly showed a 430fold enhancement of affinity relative to the trisaccharide glycan alone. Similar trends are evident in the RSL selection with the three highest affinity assemblies having a lysine linker (entry 7, 11, 12). However, the comparison with the selection performed at 60 ºC should be treated with caution since the entropic contribution to binding may be significantly affected between the SPR experiment performed at room temperature and the selection performed at 60 ºC. Nonetheless, the highest affinity assembly (0.0051 µM, entry 11) represent a significant affinity gain with respect to the glycan alone (75-fold gain) or an assembly with comparable linker length but lacking charges (4 fold, entry 8). 

Conclusion

The present work demonstrates the selection of highly dynamic supramolecular assemblies, PDCL, with a simple MALDI readout. The PNA tag facilitates MALDI analysis by providing a more homogeneous ionization and favorable mass range. The fact that a 4-mer PNA is sufficient to achieve cooperativity between ligands makes the preparation of libraries, fast, simple and compatible with solid phase split and mix synthesis. The constant PNA tag ensures homogenous distribution of assemblies while the fast kinetics of hybridization enables fast equilibration following a selection pressure. We anticipate that further finetuning can be achieved with different PNA length and oligomerization order which may be important for specific targets. The selection and MALDI analysis can be performed in 3 h and multiple experiments can be performed in parallel. The identification of an assembly with a dramatic gain of affinity for AFL (95 nM) compared to the glycan alone (41 µM) illustrates the potential of PDCL. The affinity of this dimeric assembly is within five fold of a hexameric cluster. [START_REF] Goyard | Multivalent Glycomimetics with Affinity and Selectivity toward Fucose-Binding Receptors from Emerging Pathogens[END_REF] 

Experimental

Synthesis of PNA sequences

NovaPEG® Rink amide resin (5.0 mg, 0.44 mmol/g, NovaBiochem) was swollen in CH2Cl2 for 10 min and washed two times with DMF. Iterative cycles of amide coupling, capping of the resin, deprotection of the main chain protecting group and a final CuAAC coupling were done in order to synthesize the PNA-sugar conjugate. Once all the sequence was synthesized, the desired compound was cleaved from the resin (TFA) and acetates protecting groups removed (NaOH). For individual sequence syntheses, the compounds were purified using HPLC. For mix and split combinatorial synthesis, the library was used without further purification.

Full synthetic details and physical characterization can be found in the SI.

Synthesis of the glycans

All the glycans used in the library have been synthesized as previously described. 2'fucosyllactose, [START_REF] Novoa | PNA-Encoded Synthesis (PES) of a 10 000-Member Hetero-Glycoconjugate Library and Microarray Analysis of Diverse Lectins[END_REF] xylose, [START_REF] Salunke | Iron(iii) chloride as an efficient catalyst for stereoselective synthesis of glycosyl azides and a cocatalyst with Cu(0) for the subsequent click chemistry[END_REF] glucose, [START_REF] Machida | Dynamic Cooperative Glycan Assembly Blocks the Binding of Bacterial Lectins to Epithelial Cells[END_REF] glucosamine, [START_REF] Novoa | PNA-Encoded Synthesis (PES) of a 10 000-Member Hetero-Glycoconjugate Library and Microarray Analysis of Diverse Lectins[END_REF] maltose, [START_REF] Novoa | PNA-Encoded Synthesis (PES) of a 10 000-Member Hetero-Glycoconjugate Library and Microarray Analysis of Diverse Lectins[END_REF] cellobiose, [START_REF] Novoa | PNA-Encoded Synthesis (PES) of a 10 000-Member Hetero-Glycoconjugate Library and Microarray Analysis of Diverse Lectins[END_REF] Glc-NAc, [START_REF] Novoa | PNA-Encoded Synthesis (PES) of a 10 000-Member Hetero-Glycoconjugate Library and Microarray Analysis of Diverse Lectins[END_REF] Gal-SPhe, [START_REF] Novoa | PNA-Encoded Synthesis (PES) of a 10 000-Member Hetero-Glycoconjugate Library and Microarray Analysis of Diverse Lectins[END_REF] Mannose [START_REF] Novoa | PNA-Encoded Synthesis (PES) of a 10 000-Member Hetero-Glycoconjugate Library and Microarray Analysis of Diverse Lectins[END_REF] and Glc-NAc cluster.

Synthesis of the library with split and mix

NovaPEG® Rink amide resin (150 mg, 0.44 mmol/g, NovaBiochem) were divided into 3 columns and the synthesis of three different PNA sequences was done following the protocol previously reported for peptide synthesis: 57 M (Main): Resin-cGgC-Mtt N' strand (N): Resin-Ser-gCcG-Mtt C' strand (C): Resin-Lys(Alloc)-gCcG-Ac (Capital letters used Ser modified PNA, lower case letter use for unmodified PNA) (C' to N') The Mtt or Alloc groups were removed and the 3 pools were mixed. Next, the resin was divided in 5 pools in which the 5 different linkers were introduced via reiterative coupling of Fmoc protected amino acids. The pools were mixed and split in 10 different pools. For the conjugation of all glycans (except the Glu-NAc cluster), Fmoc-Pra-OH was coupled, deprotected and acetyled. The azide-functionalized glycans were coupled by CuAAC. [START_REF] Tornoe | Peptidotriazoles on solid phase: [1,2,3]-triazoles by regiospecific copper(I)-catalyzed 1,3-dipolar cycloadditions of terminal alkynes to azides[END_REF][START_REF] Rostovtsev | A stepwise Huisgen cycloaddition process: Copper(I)-catalyzed regioselective "ligation" of azides and terminal alkynes[END_REF] For the coupling of the Glu-NAc cluster, the activated ester was directly coupled to the free amine of the linker. Each pool was cleaved individually (TFA) and acetates on the glycans removed (NaOH). Each pool was analyzed by MALDI. See SI for for detailed scheme (Scheme SI-1) and funll synthetic details as well as MALDI analysis of each pool.

Library Screening

Recombinant lectins were produced in Escherichia coli and purified on affinity column as previously reported. [START_REF] Houser | A Soluble Fucose-Specific Lectin from Aspergillus fumigatus Conidia -Structure, Specificity and Possible Role in Fungal Pathogenicity[END_REF][START_REF] Kostlánová | The fucosebinding Lectin from Ralstonia solanacearum a new type of β-propeller architecture formed by oligomerization and interacting with fucoside, fucosyllactose, and plant xyloglucan[END_REF] Biotinylated protein (RSL or AFL, 0.05 µg) was incubated with the library (10 pmol of each member of the library) PBS-t (0.01 M phosphate buffer, 0.0027 M potassium chloride and 0.137 M sodium chloride, pH 7.4, with 0.05% tween 20). The solution was mixed gently on an orbital shaker for 1h at room temperature. After this incubation period, 10µL of Streptavidin Dynabeads™ M-280 (prewashed with PBS-t) were added and protein loading on the bead was allowed to proceed for 45 min at room temperature. Then the magnetic beads were washed with PBS-t (specified wash number for selection performed in Figure 2; 4 times for selections shown in Figure 4, 3 min incubation for each wash). Two additional wash under the same conditions were performed with PBS in order to remove Tween. Finally, 10µL of water were added to the beads and brought to 95ºC for 5 min in order to recover the members bound to the protein (elution). The solutions were sported on a MALDI plate using DHB matrix and spectra were measure in positive linear mode (Bruker Daltonics Autoflex) 4.5 Tm measurement AFL or RSL lectin was diluted to a final concentration 1 µM in 20 mM Tris pH7.4 , 0.1 M NaCl containing the Orange SYPRO dye 5X. The protein -dye mixture (20µL) was distributed on 384 White LightCycler® 480 MultiWell plates (cat-04 729 749 001-Roche). The plate was placed on a LightCycler® 480 II Roche and the experiment was performed according to the manufacturer's protocol. Starting from 20°C the temperature was increased at a rate of 0.06°C/s to reach 85°C target temperature.

SPR measurements

SPR experiments were performed on a Biacore T200 instrument (GE Healthcare) at 25 °C in HBS-EP+ buffer (10 mM HEPES, 150mM NaCl, 3mM EDTA, pH 7.5, 0.05% v/v surfactant P20) at a flow rate of 30 µL min -1 . The protein was loaded on a research grade CM5 chip at 350 RU were immobilized (channel 4 for AFL and channel 2 for RSL) using an amine coupling procedure according the manufacturer's protocol. Experiments consisted of injections (association 180 s, dissociation 1000 s) of decreasing concentration of PNA-sugar compound (2-fold cascade dilutions from indicated started conformation top line). The bottom line corresponds to control injection with only buffer. The chip was fully regenerated by two injections of 1 M fucose in running buffer for 60 s. Binding was measured as resonance units over time after blank subtraction, and the data interpreted using the Biacore T200 software, version 3.2. The Kd were calculated based on steady-state affinity analysis.
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 1 Figure 1. A) Dynamic Combinatorial library (DCL), B) PNA-based Dynamic Combinatorial library (PDCL).

Figure 2 .

 2 Figure 2. A) General scheme selection protocol, B) Schematic representation of the correlation between stringency of washes and retained compound on the protein, C) Mass spectrum of the starting library (Panel1), flow through (Panel 2), first wash (Panel 3), 6th wash (Panel 4) and elution (Panel 5) of a selection of fucose vs glucose-PNA conjugates against RSL, D) Percentage based on intensities of the peaks of PNA-fucose and PNA-glucose obtained by MALDI of the starting library and elution step of the selections done with RSL or no protein by using the 1:1 or 1:99 fucose/glucose libraries.

Figure 3 .

 3 Figure 3. A) General scheme for the split and mix library synthesis. B) Structure of library building blocks.

Figure 4 .

 4 Figure 4. A) PNA-glycan conjugates nomenclature. B) Tm measurement of AFL and RSL C) Mass spectrum of the 5,000 library selection. Starting library (Panel 1), elution of the AFL selection (Panel 2), elution of the RSL selection washing at r.t (Panel 3) and elution of the RSL selection washing at 60ºC (Panel 4). Black dots denote the [M+Na] + .

Figure 5 .

 5 Figure 5. A) Values of the KD measured by SPR of the individually resynthesized hits of the 5,000-library selection for AFL and RSL.
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