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■ INTRODUCTION

Galactose is a common hexose in natural carbohydrates and may be present in pyranose (6membered ring) or furanose form (five-membered ring). Mammals only synthesize galactose units with pyranose configuration, which can be found for example in milk oligosaccharides or ABO blood group antigens. [START_REF] Varki | Biological Roles of Glycans[END_REF] The galactofuranose form is restricted to specific organisms such as bacteria, parasites, fungi, plants, and lichens.2-4 Interestingly, the galactofuranose form is present in both pathogenic and nonpathogenic organisms presence of galactofuranose, which makes the study of the biosynthesis of the furanose form very interesting for the development of therapeutic targets and gaining a better understanding of the structure/activity relationship of this rare monosaccharide. [START_REF] Tefsen | Galactofuranose in Eukaryotes: Aspects of Biosynthesis and Functional Impact[END_REF][START_REF] Schmalhorst | Contribution of Galactofuranose to the Virulence of the Opportunistic Pathogen Aspergillus Fumigatus[END_REF] Galactofuranose is naturally linked to other monosaccharides (mannose, glucose, Nacetylgalactosamine, fructose, etc.) in α-or β-configurations and can be found at the nonreducing end or as internal units of various glycans or glycoconjugates, thus Galf-containing carbohydrates have a broad structural diversity. For example, Klebsiella pneumoniae produces a polysaccharide with a repeating unit β-D-Galf-(1 → 3)-D-Galp;7 the peptidogalactomannan of Aspergillus fumigatus contains terminal β-Galf-(1 → 5)-β-Galf groups;8 the disaccharide α-D-Galf-(1-6)-α-D-Man form branches on the α-D-mannopyranosyl chain of Paracoccidioides brasiliensis;9 and β-D-galactofuranose is linked to the α-D-mannopyranosyl chain of some lichens. [START_REF] Carbonero | Galactomannans with Novel Structures from the Lichen Roccella Decipiens Darb[END_REF][START_REF] Gorin | STRUCTURAL DIVERSITY OF DGALACTO-D-MANNAN COMPONENTS ISOLATED FROM LICHENS HAVING ASCOMYCETOUS MYCOSYMBIONTS[END_REF][START_REF] Sone | Isolation and Chemical Characterization of Polysaccharides from Iwatake, Gyrophora esculenta Miyoshi[END_REF][START_REF] Carbonero | Structure of Two Glucans and a Galactofuranomannan from the Lichen Umbilicaria Mammulata[END_REF] The biological interest of this rare sugar stimulates the development of analytical tools that enable one to fully characterize carbohydrate sequences, including the galactose ring size. Such glycomics developments include challenging carbohydrate synthesis of oligosaccharide standards to validate analytical methods. In this context, substantial efforts have been made to synthesize Galf-containing compounds. A number of β-linked galactofuranose-containing oligosaccharides have been reported, such as disaccharides with the galactofuranose at the nonreducing end,14,15 and trisaccharides with an internal galactofuranose moiety. [START_REF] Gandolfi-Donadio | Synthesis of α-d-Galp-(1 → 3)-β-d-Galf-(1 → 3)-d-Man, a Terminal Trisaccharide of Leishmania Type-2 Glycoinositolphospholipids[END_REF] The synthesis of αgalactofuranosides-containing compounds is more challenging17 and only very few α-Galfcontaining compounds have been reported.18-20 In the past 10 years, tremendous efforts have been deployed to augment mass spectrometric approaches with ion mobility (IM-MS) and/or IR laser spectroscopy (MS-IR). Such couplings enable isomer identification, which is critical for glycomics.21-28 These techniques are highly complementary: IMS-MS offers ion separation and collision cross-sectional data, and MS-IR brings an additional level of structural characterization.

The 3 μm spectral range corresponds to OH, NH, and CH vibrations (elongation modes) and offers very distinctive fingerprints of monosaccharide isomers. The far-IR region can also be used to gain information on functional groups involving heavier atoms (S, P). Three types of IR ion spectroscopy schemes have been successfully used to obtain IR fingerprints of glycan ions. The IR spectroscopy in helium droplets is based on the encapsulation of the ion of interest in helium nanodroplets. Then, the droplets are irradiated with an IR laser, and helium atoms can evaporate.27,29 Messenger-tagging IR spectroscopy consists of complexing the ion of interest to a messenger at a low temperature, which dissociates upon the absorption to one IR photon. [START_REF] Masellis | Cryogenic Vibrational Spectroscopy Provides Unique Fingerprints for Glycan Identification[END_REF][START_REF] Warnke | Separation and Identification of Glycan Anomers Using Ultrahigh-Resolution Ion-Mobility Spectrometry and Cryogenic Ion Spectroscopy[END_REF] Finally, IRMPD (infrared multiple photon dissociation) consists of the resonant absorption of multiple IR photons, resulting in the photofragmentation of ions, which is monitored by the MS detector. [START_REF] Schindler | Anomeric Memory of the Glycosidic Bond upon Fragmentation and Its Consequences for Carbohydrate Sequencing[END_REF][START_REF] Schindler | IRMPD Spectroscopy Sheds New (Infrared) Light on the Sulfate Pattern of Carbohydrates[END_REF][START_REF] Tan | Linkage and Anomeric Differentiation in Trisaccharides by Sequential Fragmentation and Variable-Wavelength Infrared Photodissociation[END_REF] For analytical applications, the MS-IR spectra can be obtained at various stages of MSn acquisition. When the IR data are acquired on a precursor ion, the spectrum is directly compared with a database of measurements performed on ions that have the same mass-to-charge ratio (m/z) to identify its structure. This was successfully applied for various carbohydrate structure determination on mono-and disaccharides. [START_REF] Schindler | IRMPD Spectroscopy Sheds New (Infrared) Light on the Sulfate Pattern of Carbohydrates[END_REF][START_REF] Schindler | Distinguishing Isobaric Phosphated and Sulfated Carbohydrates by Coupling of Mass Spectrometry with Gas Phase Vibrational Spectroscopy[END_REF] The analysis of galactofuranose-containing oligosaccharides is however a peculiar challenge because furanoses are known to be highly flexible,36 which requires an analytical workflow that is able to conserve such elusive structural information. Recently, IRMPD and ion mobility spectrometry successfully defined galactofuranose-containing mono-or disaccharides by analyzing precursor mono-and disaccharide ions.14,15,37 These studies have established the conservation of the galactose ringsize information during the gas-phase transfer. The major drawback of this approach is its lack of applicability to larger oligosaccharides. Indeed, the number of possible sequences strongly increases with the number of monomers,38 which is rapidly unattainable by chemical synthesis.

Alternatively, IRMPD spectra can be collected on fragment ions after MS/MS fragmentation. The fragmentation approach is more suitable in the case of larger compounds, providing structural information on MS fragments. Collision-induced dissociation (CID) is commonly used in glycomics and mainly results in glycosidic bond cleavage. The resulting set of the IRMPD data is then analyzed and in-depth oligosaccharide sequence information is obtained by assembling fragments data using a reduced library of standards.23,32 To access the ring-size information in larger oligosaccharides, the fragmentation approach could be envisioned, which requires the investigation of the impact of CID on the highly flexible furanose ring. We have recently reported promising IM-MS results on the fragmentation of galactose-containing trisaccharides, where the Gal-Man disaccharide fragment retained its structure in some conditions.39 To validate the sequencing approach, it is thus essential to generalize the conservation of the ring-size structural features upon CID fragmentation, particularly in monosaccharide fragments. To address this question, we drew on patterns found in lichen polysaccharides (PS), which are nonpathogenic and relatively abundant. Previous works have identified lichenic galactomannan composed of a mannan backbone with branched β-D-galactofuranose at positions 2, 3, 4, or 6.10-13 They contain a number of oligosaccharides patterns with galactose at the nonreducing end (Scheme 1).

We used these patterns as models for the synthesis of an exhaustive library of galactomannan disaccharides and trisaccharide standards. [START_REF] Favreau | Synthesis of an Exhaustive Library of Naturally Occurring Galf-Manp and Galp-Manp Disaccharides. Toward Fingerprinting According to Ring Size by Advanced Mass Spectrometry-Based IM-MS and IRMPD[END_REF] In the present work, we used these synthetic standards to establish the IR diagnostic of the ring size of galactose fragments produced by CID to validate the feasibility of the sequencing approach in the particular context of the description of the ring size. Disaccharides served to create a database containing m/z and IRMPD fingerprints of precursor and product ions. The relevance of the fragment choice for sequencing is discussed. MS/MS-IR was used to fully characterize a galactofuranose-containing trisaccharide, thus validating the MS/MS-IR approach to sequence galactofuranose-containing oligosaccharides.

Finally, we present a simplified MS/MS-IR approach that allows us to rapidly detect the presence of galactofuranose in an oligosaccharide, without characterizing its other features.

EXPERIMENTAL SECTION Chemical Library. The chemical library (Scheme 2) contains eight Gal-Man disaccharides mimicking patterns found in lichen polysaccharides, with galactose in pyranose (1-4) and furanose configuration [START_REF] Tefsen | Galactofuranose in Eukaryotes: Aspects of Biosynthesis and Functional Impact[END_REF][START_REF] Schmalhorst | Contribution of Galactofuranose to the Virulence of the Opportunistic Pathogen Aspergillus Fumigatus[END_REF][START_REF] Whitfield | Expression of Two Structurally Distinct D-Galactan O Antigens in the Lipopolysaccharide of Klebsiella Pneumoniae Serotype O1[END_REF][START_REF] Leitao | Galactofuranose-Containing O-Linked Oligosaccharides Present in the Cell Wall Peptidogalactomannan of Aspergillus Fumigatus Contain Immunodominant Epitopes[END_REF]. These disaccharides were also labeled with a thiophenyl group at the reducing end [START_REF] San-Blas | α-Galf 1 → 6-α-Mannopyranoside Side Chains in Paracoccidioides Brasiliensis Cell Wall Are Shared by Members of the Onygenales, but Not by Galactomannans of Other Fungal Genera[END_REF][START_REF] Carbonero | Galactomannans with Novel Structures from the Lichen Roccella Decipiens Darb[END_REF][START_REF] Gorin | STRUCTURAL DIVERSITY OF DGALACTO-D-MANNAN COMPONENTS ISOLATED FROM LICHENS HAVING ASCOMYCETOUS MYCOSYMBIONTS[END_REF][START_REF] Sone | Isolation and Chemical Characterization of Polysaccharides from Iwatake, Gyrophora esculenta Miyoshi[END_REF][START_REF] Carbonero | Structure of Two Glucans and a Galactofuranomannan from the Lichen Umbilicaria Mammulata[END_REF][START_REF] Ho | Distinguishing Galactoside Isomers with Mass Spectrometry and Gas-Phase Infrared Spectroscopy[END_REF][START_REF] Favreau | Synthesis of an Exhaustive Library of Naturally Occurring Galf-Manp and Galp-Manp Disaccharides. Toward Fingerprinting According to Ring Size by Advanced Mass Spectrometry-Based IM-MS and IRMPD[END_REF][START_REF] Gandolfi-Donadio | Synthesis of α-d-Galp-(1 → 3)-β-d-Galf-(1 → 3)-d-Man, a Terminal Trisaccharide of Leishmania Type-2 Glycoinositolphospholipids[END_REF]. The collection comprises two Man-Man disaccharides (17 and 18). Four linear Gal-Man-Man trisaccharides [START_REF] Lee | Total Synthesis of Agelagalastatin[END_REF][START_REF] Thomann | Novel Glycolipid TLR2 Ligands of the Type Pam2Cys-α-Gal: Synthesis and Biological Properties[END_REF][START_REF] Both | Discrimination of Epimeric Glycans and Glycopeptides Using IM-MS and Its Potential for Carbohydrate Sequencing[END_REF][START_REF] Gray | Applications of Ion Mobility Mass Spectrometry for High Throughput, High Resolution Glycan Analysis[END_REF], whose structures are biologically relevant, were used to validate the sequencing approach using IRMPD.

The synthesis of disaccharides and disaccharides-SPh was previously described and structurally validated by NMR. [START_REF] Favreau | Synthesis of an Exhaustive Library of Naturally Occurring Galf-Manp and Galp-Manp Disaccharides. Toward Fingerprinting According to Ring Size by Advanced Mass Spectrometry-Based IM-MS and IRMPD[END_REF] The synthesis of trisaccharides was validated by NMR and will be published elsewhere.

Sample Preparation. Water-18O (97 atom % 18O) was purchased from Sigma. Trisaccharides were 18O labeled by drying 50 μL of each solution at 2 mg/mL and resuspending in 50 μL of H2 18O. The samples were incubated at room temperature for at least one week. Disaccharides, disaccharides-SPh, and trisaccharides 18O were prepared in water/methanol (50:50) at a concentration of 1 μg/mL, followed by adding LiCl (0.1%) to the solution to promote the Li+ adduct formation.

IRMPD Signature Acquisition. The setup used to perform MS/IR and MS-MS/IR analysis was previously described.40 A Thermofisher LTQ mass spectrometer equipped with an electrospray source ionization (ESI) is used to produce ions, which are then led to a linear ion trap. Helium serves as a collision gas for MS/MS analysis. A mass spectrometer was customized to allow irradiation of the trapped ions. Laser pulses are delivered by a YAG-pumped tunable OPO/OPA IR laser system (10 mJ/pulse, 10 Hz repetition rate) in the spectral range of 3300-3700 cm-1. If the wavelength of the laser excitation corresponds to a vibrational mode of the irradiated ion, the ion accumulates internal energy from the light and then relaxes by photofragmentation. The photofragmentation yield is then recorded as the function of the wavenumber to obtain an IRMPD spectrum.

The samples were infused and ionized by ESI in positive mode to yield ions with an Li+ adduct. The ions of a chosen m/z were isolated in the ion trap. To acquire the IRMPD spectra of disaccharides with lithium adduct, the ions at m/z 349 were isolated and irradiated during 400 ms. To analyze the fragments, the precursor ion (disaccharide-SPh or trisaccharide-18O) was isolated during 30 ms and fragmented by CID. Then, the fragment of interest was isolated and irradiated by the laser for 700 ms (or 400 ms for fragments m/z = 349).

RESULTS AND DISCUSSION

MS/MS Fragments. The Domon and Costello nomenclature is used to describe fragments observed upon CID.41 B and C types designate ions containing the nonreducing end, whereas Z and Y types contain the reducing end. B-and C-type ions are thus fragments of interest because they contain the galactose moiety (see Scheme 3). A constraint to studying molecules 1-8 and 19-22 is their symmetric structure, which implies that their reducing and nonreducing end fragments have the same mass. For example, B1 and Z1 fragments of 1-8 have both M = 162. The IRMPD spectra are obtained on trapped ions isolated according to their m/z ratio. It is thus essential to isolate only galactosecontaining fragments. We adopted two strategies to remove the symmetry. For disaccharides, intermediates of synthesis with a thiophenyl group at the reducing end were available (molecules 9-16). This results in a shift of m/z 92 between B1/Z1 fragments and thus between C1/Y1 fragments (Scheme 3). Molecules 9-16 with a lithium adduct were detected at m/z 441 (Figure S1). The MS/MS spectrum shows B1 detected at m/z 169, C1 at m/z 187, Y1 at m/z 279, and the fragment corresponding to the loss of SPh at m/z 331. Trisaccharides [START_REF] Lee | Total Synthesis of Agelagalastatin[END_REF][START_REF] Thomann | Novel Glycolipid TLR2 Ligands of the Type Pam2Cys-α-Gal: Synthesis and Biological Properties[END_REF][START_REF] Both | Discrimination of Epimeric Glycans and Glycopeptides Using IM-MS and Its Potential for Carbohydrate Sequencing[END_REF][START_REF] Gray | Applications of Ion Mobility Mass Spectrometry for High Throughput, High Resolution Glycan Analysis[END_REF] were labeled with 18O to distinguish the reducing end from the nonreducing end. It is known that 18O is incorporated at the reducing OH group, this results in a difference of 2 Da (Scheme 3, right panel).

18O-labeled 19-22 with a lithium adduct were detected at m/z 513 (Figure S2) and the fragments of interest are m/z 169 (B1), 187 (C1), 189 (Y1), 331 (B2), 349 (C2), and 351 (Y2).

a Only galactofuranose-containing molecules are represented; the measurements were also performed on their galactopyranose counterparts.

Disaccharides and trisaccharides displayed common glycosidic linkage fragments that are gathered in Scheme 3. Our approach consists of the comparison of their IRMPD spectra to validate the conservation of the ring-size information after fragmentation and the applicability of the IR sequencing method.

Identification of the Ring Size in Galactose Monosaccharide Fragments. Two monosaccharide fragments can be detected for compounds 9-16, 20, and 22 with a lithium adduct: B1 at m/z 169 and C1 at m/z 187, which correspond to dehydrated and intact galactose, respectively. The IRMPD spectra of the B1 fragments are displayed in the range of 3300-3700 cm-1 in Figure S3. Both galactofuranose and galactopyranose B1 fragments show an intense band around 3650 cm-1, corresponding to free OH, which does not allow us to distinguish them. However, the range corresponding to the bound OH (3350-3550 cm-1) is more distinctive and represented in Figure 1. For Galf-ManSPh compounds [START_REF] Carbonero | Structure of Two Glucans and a Galactofuranomannan from the Lichen Umbilicaria Mammulata[END_REF][START_REF] Ho | Distinguishing Galactoside Isomers with Mass Spectrometry and Gas-Phase Infrared Spectroscopy[END_REF][START_REF] Favreau | Synthesis of an Exhaustive Library of Naturally Occurring Galf-Manp and Galp-Manp Disaccharides. Toward Fingerprinting According to Ring Size by Advanced Mass Spectrometry-Based IM-MS and IRMPD[END_REF][START_REF] Gandolfi-Donadio | Synthesis of α-d-Galp-(1 → 3)-β-d-Galf-(1 → 3)-d-Man, a Terminal Trisaccharide of Leishmania Type-2 Glycoinositolphospholipids[END_REF], the B1 spectra show a region of vibrational activity. from 3350 to 3475 cm-1 and not from 3475 to 3550 cm-1. Interestingly, their galactopyranose counterparts [START_REF] San-Blas | α-Galf 1 → 6-α-Mannopyranoside Side Chains in Paracoccidioides Brasiliensis Cell Wall Are Shared by Members of the Onygenales, but Not by Galactomannans of Other Fungal Genera[END_REF][START_REF] Carbonero | Galactomannans with Novel Structures from the Lichen Roccella Decipiens Darb[END_REF][START_REF] Gorin | STRUCTURAL DIVERSITY OF DGALACTO-D-MANNAN COMPONENTS ISOLATED FROM LICHENS HAVING ASCOMYCETOUS MYCOSYMBIONTS[END_REF][START_REF] Sone | Isolation and Chemical Characterization of Polysaccharides from Iwatake, Gyrophora esculenta Miyoshi[END_REF] present the opposite: a vibrational band from 3475 to 3550 cm-1 and not from 3350 to 3475 cm-1. These features are also verified on B1 fragments of trisaccharides (bottom panel in Figure 1). Thus, all investigated molecules exhibit a strong diagnostic in this region, and the bands at 3410 and 3510 cm-1 are very specific to the galactose ring size. The C1 fragments were also investigated and their IRMPD signatures can be distinguished, although with less contrast (Figure S3).

These results are remarkable because they suggest that the monosaccharide fragments conserve galactose ring-size information upon fragmentation, even after the molecular rearrangement caused by the cleavage of the C1-O1 bond. This implies that the galactose ring size in oligosaccharides can be determined by the spectroscopic analysis of the monosaccharide fragments. This approach presents the advantage of requiring only two reference spectra and can be applied for oligosaccharides with different sizes and linkage positions. Another benefit is the narrow range of laser wavenumbers required to distinguish these two signatures. This range can be quickly scanned, which reduces the acquisition time and therefore the time for ring-size diagnostic.

Identification of the Ring Size and Linkage Type in Disaccharide Fragments. The linkage position can be further described by comparison with reference disaccharide patterns. To assess the linkage position of Gal-Man disaccharide, nonreducing end disaccharide fragments are analyzed.

Fragments m/z 331 of Gal-ManSPh have been collected to create a database of IRMPD spectra, which are represented in color in Figure 2. For Galp-ManSPh (9, 10, 11, and 12), the B2 spectra show a broad region of vibrational activity from 3570 to 3700 cm-1. Molecules 9 and 10 show two additional weak features at 3400 and 3500 cm-1. Molecules 11 and 12 are characterized by an intense band at 3640 cm-1. Galf-ManSPh isomers (13-16) display more compact and similar spectra but can still be distinguished: 13 presents a low vibrational activity under 3620 cm-1, 14 displays an intense band at 3640 cm-1, 15 shows a weak experimental feature at 3550 cm-1, and 16 displays a large feature from 3580 to 3685 cm-1. Upon CID fragmentation, the four investigated trisaccharides yield the disaccharide fragment B2 (Figure S2). Their IRMPD fingerprints were The same analysis has been realized for each trisaccharide, and the MSE is presented in Figure 3.

For each one, the best match corresponds to the expected Gal-Man pattern, which validates the method on B2 fragments. The method was also applied to C2 fragments (only trisaccharides 20 and 22 display C2 fragments). The results are presented in Figures S5 andS6. For 20, the best match for the C2 fragment was obtained for the correct sequence (Galp-β-(1,6)-Man). However, two candidate sequences are obtained for trisaccharide 22 due to close scores (140 and 152). In this case, the analysis of several fragments can be necessary. Therefore, the highest degree of confidence is obtained by the analysis of the B2 fragments, which are also conveniently the most abundant ones. 

CONCLUSIONS

We demonstrated that the MS/MS fragments of galactosecontaining oligosaccharides retain the memory of the ring size of galactose, yielding diagnostic IRMPD signatures for galactofuranose and galactopyranose. This is a most surprising finding, considering the high flexibility of the furanose ring and the major molecular rearrangement occurring upon CID, particularly for the most abundant fragment (B type), where the C1-O1 bond is cleaved. A robust method for the detection of galactofuranose in an oligosaccharide is presented. It consists of the detection of a highly diagnostic band in monosaccharide fragments (3410 cm-1 for galactofuranose; 3510 cm-1 for galactopyranose), which requires only two reference spectra. At the cost of an exhaustive library of disaccharide standards, we show that both the monosaccharide content and the linkage can be derived from the IRMPD analysis of disaccharide fragments. Finally, we illustrate the applicability of IRMPD sequencing to galactofuranose-containing oligosaccharides and propose a novel, intuitive representation of IR-augmented MS data for glycomics. All of the standards presented in this study are candidates for patterns found in lichen polysaccharides, and we expect that this study will open the way to the sequencing of polysaccharides in such exotic organisms.
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  acquired and are represented in Figure 2a (black line) for 21 (see Figures S4-S6 for 19, 20, and 22). The expected correspondence is represented in green (Galf-β-(1,4)-Man motif in Figure 2) and visual inspection shows an excellent match. In order to quantify this match, the mean square error (MSE) between the investigated spectrum and each spectrum of the IRMPD database was calculated as follows MSE = c (Im( i) Id( i))2 where λi is a laser wavelength in the range 3300-3700 cm-1, Im(λi) (resp. Id(λi)) is the intensity of the measured spectrum (resp. database spectrum) obtained at the wavelength λi. c is a normalization constant (c = 33). The best match (lowest MSE) is obtained for 15 (in green), validating that the nonreducing disaccharide fragment of 21 (Galf-β-(1,4)-Man-α-(1,6)-Man) can be identified as Galf-β-(1,4)-Man by comparing its IR fingerprint to those of a library of reference Gal-Man patterns.

  Application: Sequencing Galactofuranose-Containing Oligosaccharide. The complete sequence coverage of oligosaccharide requires the analysis of several fragments, as illustrated in Figure4for trisaccharide 21. The MS/MS spectrum of 21 features the B2 fragment (Gal-Man nonreducing end) and the Y2 fragment (Man-Man reducing end). The IRMPD spectrum of the B2 fragment matches the Galf-β-(1,4)-Man motif as described above. In the same way, the Y2 fragment is identified as Man-α-(1,6)-Man (Figure S7). Therefore, the sequence Galf-β-(1,4)-Man-α-(1,6)-Man is entirely recovered.We propose an intuitive representation of the IR-augmented MS sequencing in Figure4: a scale representing the library of reference patterns is added above the fragments of interest. The results of the IRMPD analysis are reported on this scale, and the best match (lowest MSE) is highlighted in green. Finally, sequence segments are combined to retrieve the sequence of the precursor.Application: Rapid Detection of Galactofuranose in an Oligosaccharide. Based on the B1 fragment IRMPD spectra, we propose a novel, rapid strategy for the detection of galactofuranose-containing oligosaccharides. As illustrated in Figure5a, an unlabeled dihexose (Galf-β-(1,2)-Man in this example) is detected at m/z 349 and MS/MS produces the B1 (galactofuranose moiety) and Z1 (mannose moiety) signal at m/z 169. This signal is isolated in the ion trap and analyzed by IRMPD, yielding the IR spectrum displayed in Figure5b. The IR spectrum of the B1/Z1 fragments features a distinctive signal around 3410 cm-1, which indicated the presence of a galactofuranose unit. In these conditions, galactofuranosecontaining patterns can be efficiently detected without the need for chemical labeling. The patterns of interest can then be further analyzed by IRMPD for extensive structural characterization.
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