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Overview Results and Discussion

Purpose: Develop a software to facilitate LC-MS and MS/MS glycan data that have been acquired for separation and Highest Number of Resolved Peaks
identification of various complex N-linked glycans from proteins using a novel high resolution mixed-mode column and an Orbitrap _ _ . .
Fusion Tribrid mass spectrometer. The LC-MS profile of the GlycanPac AXR-1 column showed the highest number of resolved peaks (2 70) for bovine fetuin

glycans ever achieved (Figure 1), as compared to the commercially available columns . Orbitrap Fusion with its wide dynamic
range and ultra high mass resolution of makes it the ideal platform for looking deeper into the glycome and confidently identifying
low-abundance glycans. Overall, 135 unique glycan structures were identified using a combination of GlycanPac AXR-1 column
and Orbitrap Fusion mass spectrometer.

Introduction

The separation of glycans by chromatography prior to MS analysis can provide number of benefits. Primarily, separation can

reduce sample complexity, minimize ion suppression, increase dynamic range of analysis and provide separation of structural =
isomers. Recent developments in mixed—mode column chemistries and faster scanning mass spectrometers have increased the 100 o s 100 o449 N rEr
number of glycans resolved and identified by LC-MS workflows. However, the increase in peaks resolution and detected oo 5 - 90+ 96.00-
cys . . . . a5 ] 999.06 MS

compounds can lead to large data sets. Additionally, chromatograms of isomeric glycans are complex with some isomers co- so 2 = 3 fusion_CE35
eluting under a single peak. Manual deconvolution of such complex chromatograms, identification of isotopic peaks components, o 3 o 73 6467
identifying MS/MS scans for detected compounds and selection of correct precursor m/z values from the isotope cluster for 500 = I
MS/MS data analysis is time consuming task. Therefore, we have developed a software tool (SimGlycan®) to streamline this S50 2 - " I
process. S S as . §
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N-Linked glycans were released _from gly_coprotelns _(Bovme Fetgm) wlth PNG_qse _F enzyme (New England BiolLabs). The FIGURE 1. LC-MS analysis of 2AB-labeled N-finked glycans from bovine fetuin by Figure 2: Xcalibur software showing extracted ion chromatogram of 2-AB labelled
released glycans were labeled with 2-aminobenzamide (2AB) with slight modification from the reported procedure of Bigge et. al., GlycanPac AXR-1 column with MS detection. N-Glycan with precursor m/z value 998.68 (charge: 3-).
[1] Prior to analysis, samples were dissolved in 100 pL D.I. water in a 250 pL auto sampler vial. Resolving Structural Isomers
Liquid Chromatography The GlycanPac AXR-1 column can resolve structural isomers (Figure 2) much better than most existing commercial stationary
All glycans were separated on a Thermo Scientific™ GlycanPac™ AXR-1 (1.9 um, 2.1 x 150 mm) column [2] by a Thermo phases. Generally, a single LC peak can have many structural isomers. In many instances, the use of commercially available
Scientific™ Dionex™ Ultimate™ 3000 UHPLC instrument with either a fluorescence or MS detector. columns with poor capability to resolve isomers results in mixed MS2 spectrum that contain fragment ions from multiple glycans

making it extremely difficult to assign correct structures.

Mass Spectrometry
MS analysis was performed using a Thermo Scientific™ Orbitrap Fusion™ Tribrid™ mass spectrometer and a Q Exactive™ mass Need for Sophisticated Bioinformatics Tool
spectrometer in negative ion mode. LC-MS2 experiments were conducted for structural elucidation.
The GlycanPac AXR-1 column with its ability to resolve structural isomers introduces complexity to analysis. Namely,
Data Analysis

SimGlycan® 5.1 software (PREMIER Biosoft) was used for LC-MS and MS/MS data analysis. Thermo Scientific™ Xcalibur™ * Higher number of MS/MS scans: Far more MS/MS spectra need to be triggered in a single LC-MS2 analysis.
software is also used to visualize raw LC-MS data. « Complex chromatogram peaks: Even with higher LC peak resolving capability with the GlycanPac AXR-1 column, isomeric

glycans still exhibit complex LC peaks with some isomers co-eluting under a single peak (e.g., peaks observed after 65
minutes in Figure 3(C)).

« MS/MS scans triggered for higher isotopes: Unlike isotope cluster for peptides, glycan isotopic clusters do not necessarily LC MS and MS/MS Data Pre-processing
have base peak at monoisotopic m/z (Figure 3 (A)). For example, Figure 3 (B) shows the Xcalibur software windows displaying
that MS/MS scans acquired for the 2-AB labelled N-Glycan with mass of 2897.0106 Da. All the MS/MS scans have been SimGlycan provides a simplified module for pre-processing the LC-MS and MS/MS glycan data. The pre-processing steps
triggered for the m/z values corresponding to M+1 i.e., m/z 999.023- , M+3 i.e., m/z 1000.023-and M+4 i.e., m/z 1000.363- includes peak detection, chromatogram deconvolution to separate structure isomers which are observed under single LC peak,
peaks of the isotope cluster. Precursor m/z needs to be corrected before performing MS/MS data analysis. identification of isotopic envelops, clustering of MS/MS scans corresponding to LC peaks and selection of accurate precursor m/z
values for MS/MS scans from isotopic envelop. Just select the instrument series e.g., Orbitrap Fusion from the template name
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Software modules were developed for automatic detection of compounds, deconvolution of chromatograms to separate glycan Fiaure 6: SimGl o wina detected LCooeake: informati ) rtion y
' ' i ' ' i : Figure 5: Shows a typical graphical user interface of SimGlycan Igure 6. simGlycan software snowing detecte -peaks; Information such as retention time, m/z,
isomers, identification of isotope clusters and MS/MS scans corresponding to detected compounds and precursor m/z selection. ot faci"taﬁngfelect%n o seak detection and pickingytemplates compound ID (CID), peak height (intensity), area, adduct, charge state, isotope level and number of
MS/MS data was subjected to the program for automatic structural identification of the detected LC peaks. The accuracy of the based on instruments. _ _ MS/MS scans triggered for each detected peak is displayed. _
results were also tested on a Q Exactive mass spectrometer (data not shown). All isomeric glycans correctly detected, separated On completion of the data pre-processing, a peak list table will be generated (Figure 6). All the LC peaks corresponding to an
and identified by the program were manually validated for these experiments. isotope envelop will be automatically clustered under a compound ID number (Figure 6). Besides, MS/MS scans that were
triggered for peaks corresponding to higher isotopes will have their precursor m/z values replaced by monoisotopic peak m/z
Key features of the software are explained using screenshots of the graphical user interfaces and results that we have obtained values. Figure 7 shows the corrected precursor m/z values for scans with incorrect precursor m/z values that are shown in Figure
from the LC-MS2 data analysis. 3(B).
Import Data
User can directly import raw data from native Thermo Scientific Xcalibur RAW files (Figure 4).
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- T . Figure 10: SimGlycan software MS/MS spectrum list/spectral annotation; (A) MS/MS
Figure 9: SimGlycan software search result pane; results sorted based on retention time. spectrum list annotated with matched fragment structures, (B) MS/MS spectrum
Identified glycan structures, corresponding fragment ions can be viewed besides annotated with symbolic structures of fragment ions, (C) MS/MS spectrum annotated
corresponding database information. with name of fragment ions using Domon-Costello nomenclature, and (D) MS/MS

spectrum annotated with successive loss of carbohydrate residues between peaks.
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