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Abstract

N-linked glycosylation represents a structurally diverse, complex, co- and post-translational
protein modification that bridges metabolism and cellular signaling. Consequently, aberrant
protein glycosylation is a hallmark of most pathological scenarios. Due to their complex

nature and non-template driven synthesis, analysis of glycans is faced with several challenges,
underlining the need for new and improved analytical technologies. Spatial profiling of A~glycans
through direct imaging on tissue sections reveals the regio-specific and/or disease pathology
correlating tissue N-glycans that serve as a disease glycoprint for diagnosis. Infrared matrix-
assisted laser desorption electrospray ionization (IR-MALDESI) is a soft hybrid ionization
technique that has been used for diverse mass spectrometry imaging (MSI) applications. Here,

we report the first spatial analysis of the brain A-linked glycans by IR-MALDESI MSI leading

to a significant increase in the detection of the brain A-sialoglycans. A formalin-fixed paraffin-
embedded mouse brain tissue was analyzed in negative ionization mode after tissue washing,
antigen retrieval, and pneumatic application of PNGase F for enzymatic digestion of A-linked
glycans. We report a comparative analysis of section thickness on the A~glycan detection using
IR-MALDESI. 136 unique A-linked glycans were confidently identified in the brain tissue (with
an additional 132 unique A-glycans, not reported in GlyConnect), where more than 50% contained
sialic acid residues, which is approximately three-fold higher than the previous reports. This
work demonstrates the first application of IR-MALDESI in A-linked glycan imaging of the

brain tissue leading to a 2.5-fold increase in the /n situ total brain N-glycan detection compared
to the current gold standard of positive mode matrix-assisted laser desorption/ionization mass
spectrometry imaging. This is also the first report of the application of the MSI towards the
identification of sulfoglycans in the rodent brain. Overall, IR-MALDESI-MSI presents a sensitive
glycan detection platform to identify tissue-specific and/or disease-specific glycosignature in the
brain while preserving the sialoglycans without any chemical derivatization.
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INTRODUCTION

Glycosylation is one of the most common post-translational modifications, spanning

more than 50% of the eukaryotic proteome®. The process of glycosylation involves

the enzymatic addition of a glycan moiety (mono-, oligo- or polysaccharides) to a
newly-synthesized polypeptide?. Unlike, transcription and translation, glycosylation is a
non-template driven and dynamic process, which is reflected in the dramatic alteration

of the protein glycosylation with the changes within the intra- and extra-cellular milieu.
These changes in glycosylation are implicated in regulating the structure and associated
function of the proteins. Glycosylation in mammalian glycoproteins is classified into
several categories including A-linked, O-linked, GPI anchored or O-GIcNAc modified
glycoproteins. Amongst these categories, NV-linked glycosylation, where the glycan moiety
is covalently bound to asparagine residues on proteins containing an N-X-T/S motif where
X is any amino acid except proline, covers approximately 90% of eukaryotic glycoproteins®.
N-glycans are ubiquitous in all tissues and are critical in critical biological process such

as modulating receptor activation after ligand binding® and to mark cell differentiation?. In
the brain A-glycans are implicated in nearly all crucial brain physiological processes like
neuronal development and differentiation, synaptogenesis and myelinogenesis®. However,
the impact of the modulation of A-linked glycosylation on different aspects of neurological
disorders is still unclear partly due to the lack methods to identify the identity and

spatial localization of the A-glycans. This underlines the need for an in-depth spatial
characterization of the brain A-glycome of the healthy brains to understand the biological
significance of the glycosylation cues and their roles in the region-specific physiological
functions and in disease pathophysiology.
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Most common analytical platforms for the analysis of brain A-linked glycans utilize

liquid chromatography-mass spectrometry, wherein there is a loss of spatial resolution and
molecular spatial specificity, due to the homogenization of tissue samples during sample
preparation for analysis. This necessitates the pre-selection and isolation of the region of
interest in order to perform any spatial analysis’-8. Mass spectrometric imaging (MSI) of
tissue A-glycans represents an essential, albeit underexplored, modality for investigating the
glycan functions. Contrary to the conventional glycan profiling assays, MSI focuses on the
spatial heterogeneity in glycan cues in pathologically or structurally different regions of the
tissue.

N-glycans containing negatively charged moieties, such as sialic acid, phosphate, or sulfate
groups have been shown to have critical biological implications in the central nervous
system®-11, Specifically, sialic acids have shown to be involved as key players in the
development, plasticity, and repair of the nervous system as well as immune regulation!2,
To date, the MSI of tissue AN-linked glycans has predominantly used matrix-assisted

laser desorption ionization (MALDI), which limits the detection of sialoglycansl3-15,

Some chemical derivatization methods have been developed to circumvent this challenge
demanding longer, more complicated sample preparationl®:17. Electrospray ionization (ESI)
based ionization methods overcome other challenges presented by MALDI for the detection
of sialoglycans like the higher internal energy deposited by MALDI matrices during proton
transfer8 and the bias of enhanced sialoglycan detection in the negative ionization mode?®.
Infrared matrix-assisted laser desorption electrospray ionization (IR-MALDESI) employs
amid-IR laser to resonantly excite water found in biological specimens29, desorbing the
neutral species into the gas-phase, which are then post-ionized by an orthogonal electrospray
plume in an ESI-like fashion prior to analysis by a high resolution, accurate mass

Orbitrap mass spectrometer2L, This hybrid ionization technique harnesses the advantages
from both soft ionization sources such as spatial correlation from MALDI and ionization
characteristics from ESI, thereby presenting an ideal analytical platform for tissue A~
glycans. Recent studies from our group have used IR-MALDESI in the direct analysis

of native Atlinked glycans without chemical derivatization?2 and in the mass spectrometric
imaging of human prostate tissue for Aglycan detection?3.

The current study represents the first application of IR-MALDESI MSI for the detection
of brain A+linked glycans. The report also presents a comparative analysis of the impact
of tissue section thickness on the tissue glycan imaging and detection. To date, there

has been no previous reports investigating the detection of tissue glycans as a function

of tissue section thickness using MSI. Due to the enhanced sensitivity of IR-MALDESI
towards A-glycan detection, we report approximately 136 A-glycans in the mouse brain.
This represents a 2- fold and 3-fold enhanced detection over the previous studies using
MALDI MSI, which reported around 55 and 40 mouse brain A-glycans respectively13:15,
To the best of our knowledge, this is the most comprehensive report for spatial resolution
of the rodent brain A-glycome and identification of charged sialylated and sulfated brain
glycans using MSI. This study is of particular significance for future investigation to
probe the possible correlation of A-glycosylation and its modulation and function in several
neurological disorders using IR-MALDESI.
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MATERIALS AND METHODS

Sample Preparation

The experiments involving animal use were approved by the Duke Institutional Animal Care
and Use Committee (IACUC). C57BL/6 male mice of 8-12 weeks (Jackson Laboratories)
were used in the study. Healthy mice were sacrificed with isoflurane and decapitation.

The brain was collected immediately after transcardial PBS perfusion, fixed overnight in
formalin, and paraffin embedded using standard techniques. Coronal tissue sections of 3,

5 and 7 um were prepared using a HM 355S rotary microtome (Epredia, Kalamazoo, Ml,
USA). The sections were mounted onto positively charged slides (Globe Scientific).

Tissue preparation for IR-MALDESI

Mouse brain sections were heated for one hour at 60°C to melt the paraffin around the tissue
section. The slides were then cooled to room temperature and deparaffinized and rehydrated
using a series of washes as reported previously23. After the washes, the slides were dried in
a vacuum desiccator for 5 minutes. Antigen retrieval was performed on the dried samples
using a vegetable steamer (Rival) which was filled with water and preheated for 5 minutes.
Freshly prepared citraconic acid buffer (25 pL of citraconic anhydride, 50 mL of water, and
2 UL of HCI to make pH=3) was used for antigen retrieval process. The slides were placed
into a side-opening slide mailer filled with citraconic acid buffer. This slide mailer was then
heated in the vegetable steamer for 30 minutes. The mailer was then placed into a container
with water to slowly cool down the sample. This was followed by progressive cooling of the
samples through buffer exchanges using LC-MS grade water, repeated for a total of three
times. The buffer was then fully replaced with water with an additional 5 minutes of cooling,
followed by drying in a vacuum-desiccator for 5 minutes.

A TM-Sprayer (HTX Technologies, Carrboro, NC, USA) evenly sprayed the tissue sections
with 100 pg/mL of PNGase F PRIME-LY (Bulldog Bio, Portsmouth, NH). The syringe
pump was set to 25 puL/min. Nitrogen gas pressure was set to 10 psi and the temperature was
adjusted to 45°C. The TM-Sprayer method was set to 15 passes, 1200 mm/min velocity, 3
mm track spacing, 5 mm overspray margins using the crisscross pattern. Sprayed slides were
incubated in a controlled humidity chamber at 37°C for 2 hours and the relative humidity
was monitored to be around 95% during incubation.

IR-MALDESI Data Collection

Mouse brain slides were individually placed onto a Peltier-cooled stage inside of a humidity
chamber. The chamber was purged with nitrogen gas (Arc3 Gases, Raleigh NC, USA) and
the stage was cooled to —8°C. A thin ice layer was formed over the glass slide by controlling
the humidity, whichserved as the ice matrix. The relative humidity was lowered to < 12%
for the imaging experiment. The electrospray solution was composed of 50% acetonitrile
with 1 mM acetic acid (Fischer Scientific, Nazareth, PA, USA). A corresponding flow rate
of 1 uL/min and a voltage of 3000V was used to create an electrospray plume in negative
ionization mode. The laser source (JGMA, Burlington, MA, USA) was a mid-IR laser that
fired 10 pulses per burst at a wavelength of 2970 nm. Ablation consisted of 1 mJ of energy
per voxel and a spatial resolution of 150 pm. An Orbitrap Exploris 240 mass spectrometer
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(Thermo Fisher Scientific, Bremen, Germany) was used for data collection within a range
of 500 to 2000 m/z. The instrument was mass calibrated every day of analysis in order

to achieve high mass measurement accuracy. Automatic gain control was disabled and the
injection time was fixed at 90 ms.

Data Analysis

Raw data files were converted to imzML files using MSConvert?4 and imzML converter2>.
Files were uploaded into MSiReader for analyzing the MSI data?6:27. All ion images were
created and analyzed using MSiReader. The data was searched for multiply-charged ions,
and m/z values were converted to monoisotopic mass. Glycomod, a theoretical glycan mass
database, was used to search the data for any matches using accurate mass. The glycan
compositions reported in the current study were detected as confident identifications on
GlyConnect, an experimentally curated glycomic database28. The results were filtered to be
within a 5 ppm mass tolerance, containing the A-linked glycan core and excluding pentose,
KDN, and HexA. GlyConnect, an experimental database, was used to confirm A-linked
glycan mass and structure.

Statistical analysis

All results will be representative of those from at least three independent experiments

with similar observations. For two-sample comparison, Student’s t-test was performed. For
multiple-sample comparisons, one-way or two-way analysis of variance (ANOVA) was
performed, followed by a post hoc multiple comparison procedure (Dunn or Tukey). Two-
way ANOVA was used for the experiments performed over time. The comparison results
are presented with raw and false discovery rate (FDR) adjusted p-values at the alpha 0.05
level of significance. To reduce bias in sample selection, randomized experimental design
was used.

RESULTS AND DISCUSSION

IR-MALDESI coupled to an Orbitrap enables high spatial and mass spectral resolution for
both neutral and charged A/-glycans by combining MALDI and ESI characteristics of spatial
correlation and soft ionization to enable the identification of labile glycan moieties /in situ.
Given these advantages, the current study was designed to evaluate the performance of
IR-MALDESI platform on the /n situbrain A-glycan imaging analysis.

In this study, we adapted the previously optimized IR-MALDESI platform?3 and
successfully applied it to the imaging and identification of multiple sialylated A-linked
glycans in the brain, without prior derivatization, for the first time. Figure 1 shows the
sample preparation workflow used for the preparation of the brain samples for the N-glycan
release and in situ detection by IR-MALDESI analyses. The first step involves heating

the sample slide at 60°C for an hour followed by several solvent washes in xylenes and
ethanol, followed by rinsing in water to remove paraffin, salts, and metabolites from the
FFPE processed tissue sections?®, Heating the samples facilitates protein denaturation on
the tissue sections to better expose the glycoproteins for glycan release and detection.

This step also removes some lipids, which is crucial for brain A-glycan imaging as the
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lipids constitute more than 50% of the dry weight of the brain39. The higher lipid fraction
would obscure the glycan signal detection in the recorded mass spectra, which necessitates
the initial tissue delipidation during the dewaxing step. Antigen retrieval using citraconic
buffer was performed to allow the enzyme to access to the glycosylation sites in the cross-
linked proteins. Finally, PNGase F was pneumatically sprayed over the brain sections to
maximize the tissue coverage and enzyme utilization ratio for optimal release of the tissue
N-glycans. Released N-linked glycans were then analyzed by IR-MALDESI in negative
ionization mode which facilitated higher and more sensitive detection of the negatively
charged sialylated species?2.

Glycans present on the cell surface and extracellular matrix of the brain play a crucial

role in the maintenance of brain homeostasis3!. Protein A-glycosylation, where the glycans
are covalently attached to an asparagine by an A-glycosidic bond, comprises of the most
predominant type of protein glycosylation in the eukaryotic cellsl. There have been previous
studies investigating the role and modulation of Aglycosylation in neurological disorders
like Alzheimer’s Disease32 and Parkinson’s disease33 and most of the proteins associated
with these disease pathophysiology are glycosylated34. This commands the development

of a comprehensive glycan map of the brain correlating the glycans to different functional
regions in the brain. The structure-function correlation would lead to a better understanding
of the roles of glycans as well as provide potential therapeutic targets for neurological
disorders. Imaging mass spectrometric analysis of glycans reveals the spatial resolution of
glycans detected in tissue specimens, which is lost in other bulk mass spectrometric methods
like LC-MS analysis.

We tested the applicability of the IR-MALDESI platform for high-resolution glycan MSI
analysis of mouse brain. Combining the advantages of MALDI and ESI strategies, we

were able to detect a total of 136 multiply-charged deprotonated A-linked glycans using
IR-MALDESI with high mass measurement accuracy (MMA, <5 ppm) in the mouse

brain sample. We have reported the 50 highest ion abundance brain glycans with their
compositions in Table 1 and a detailed list of all the A-glycans identified is presented

in Supplementary Table S1. Figure S1 presents the panel of ion images showing spatial
resolution for the NV-glycans as reported in Table 1, with the corresponding glycan structures.
This demonstrates approximately a 2.5-fold increase in the number of glycans detected by
Shi et al. using Sub-AP/MALDI MSI13 and 3-fold increase over those detected by Eshghi et
al. using MALDI-MSI15 (Figure 2a,b). Approximately 70% of the new glycans detected in
the current study were found to be sialylated with at least one sialic acid derivative (Table
S2).

We also performed a comparative analysis of different tissue section thicknesses (3, 5 and

7 um) and their impact on the A-glycan detection using IR-MALDESI. To the best of our
knowledge, this is the first analysis of the impact of section thickness on the A-glycan
detection using MSI. Filtered peaks were cross-referenced in GlyConnect and the A~Linked
containing minimum three hexose and two Atacetylglucosamines (core pentasaccharide
structure) with the monoisotopic peaks of the second or third charge state overlapping

the experimental mass range were reported for all three section thicknesses (Figure 2c).
Although there aren’t significant differences between the glycan compositions reported
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between different section thicknesses, 3 um section thickness shows a higher ion abundance
for the same glycan as compared to 5 um and 7 um sections (Figure 2D). This could

be attributed to the more efficient, complete /n situ enzymatic digestion in thinner tissue
section. Previous MSI brain glycan studies in mouse brain have used section thicknesses
ranging from 6-10 um for both fresh frozen and FFPE processed tissues!3:14:35. Due to the
ease of tissue sectioning and no significant difference in glycan detection at 5 um, we used 5
um section thickness for subsequent analysis. The unique glycan compositions detected in 3
and 7 um sections have been reported in Table S4 and S5 respectively.

Pace et a/.23 reported the presence of several chlorinated adducts using the mixed-mode
ionization in IR-MALDESI in the human prostate tissue. This led to the annotation of
additional A-linked glycan peaks that were previously unidentified. Consistent with these
observations, we detected multiple chlorinated adducts in the current study. The isotopic
distributions of the detected A-linked glycans aligned well with the theoretical distribution
of the glycans with chlorinated adducts as represented in Figure 3B and 3C. Figure 3B
shows that Hex;HexNAcgFuciNeuAc; is detected as a chlorine adduct with one chlorine
derivative and the loss of a proton and Figure 3C represents HexsHexNAcsFuc, detected
with two chlorine adducts. The experimental data aligns very closely with the theoretical
isotopic distribution as demonstrated by the chi-squared value, evaluating the goodness of
fit between two distributions. This result validates the detection of several brain A-glycans
using IR-MALDESI as chlorinated adducts in the negative ionization mode.

Previous studies have shown a spatio-specific regulation of N-glycosylation in rodent brain,
which is further modulated in pathophysiological conditions®13-15.36, Sensitive spatial
resolution of A-glycans, is therefore, very consequential towards the identification of
glycan cues implicated in disease pathology. Therefore, we investigated the applicability

of the IR-MALDESI platform for high resolution A~glycan mass spectrometric imaging of
FFPE mouse brain. Using this platform, 136 A-glycans including high-mannose, complex
and hybrid glycans were detected and annotated by the accurate mass matching using
GlyConnect (Figure 4a and Table S1). Figure 4a shows the glycans that were identified
using GlyConnect with the structural annotations in the /2 range of 900-1250. The spectra
also shows other multiply charged, possible A-glycan peaks in this region, which have

not been reported in GlyConnect. Table S3 reports all the glycan compositions that were
identified in the spectra, but were not reported in GlyConnect and Figure S2 shows the
representative ion images for some of these glycans. The lack of multiply-charged peaks

in the IR-MALDESI background spectra (/.¢e., off tissue) indicate that these peaks can be
attributed to Atlinked glycans. These multiply-charged peaks were searched in GlycoMod
for theoretical identifications and resulted in further detection of 132 unique A-glycans after
deisotoping and verifying the detection of the isotopic distribution.

Several studies have highlighted the significance of the sialic acids in immune and nervous
system regulation. Dysregulated sialylation has been shown to contribute to several chronic
diseases of the central nervous system (CNS)37:38, This underlines the need for technology
development for sensitive detection of tissue A-sialoglycans to detect the expression and
modulation of sialic acids in the disease pathophysiology towards the development of
therapeutic interventions. The increased sensitivity of IR-MALDESI platform towards the
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detection of multiply-charged glycans compared to previous reports, resulted in the detection
of significantly higher number of sialylated glycans in the mouse brain using different

MSI platforms. More than 50% of the total A~glycans detected were found to be sialylated
(Table S1) and of all the unreported glycans from the imaging mass spectrometric studies
70.68% were sialylated (Table S2). This is approximately 3-fold higher than the sialylated
glycans (~13%) detected by Shi et a3, The enhanced detection multiply-charged sialylated
N-glycans, which are otherwise labile and difficult to detect using MALDI, is attributed

to the ‘soft” ionization harnessed in the IR-MALDESI®. The differential distribution of
glycans in the mouse brain was detected in this analysis and the representative images are
shown in Figure 4b—f. These results signify the adaptability of the IR-MALDESI platform
for sensitive A-~glycan detection and visualization from FFPE brain sections for charged and
neutral A-glycans without any further derivatization. This alleviates the need for additional
sample processing and loss of glycans in the additional processing steps.

Using IR-MALDESI platform, we were able to detect oligomannose, hybrid and complex
glycans (Figure 5a). Spatial resolution of the representative glycans from each of these
classes is represented in Figure 5¢c—e. A higher fraction of fucosylated glycans were detected
in the brain which aligns with the previous reports 78, In the current study, we were able to
detect multiple sialic acid and fucose (mono-, di-, tri- and tetra-) substitutions as represented
in Figure S3.

Sulfated A- and O-glycan epitopes are known to be implicated in mediating a diverse range
of biological recognition functions and pathophysiological implications 4042, However,
the detection of these low abundance and crucial sulfated glycans has necessitated the
development of new enrichment strategies and methods directed at sulfoglycomics*3:44,

To the best of our knowledge, this is the first glycan MSI analysis to report these N-
sulfoglycans in the brain tissue analysis. Further, the ambient, /n7 situ analysis conditions
bypass the need for chemical modifications to stabilize and detect the sulfated glycans.
The sulfated glycans were detected as multiply-charged species (Figure 6). Interestingly,
the spatial distribution of the representative sulfated glycans shows a higher density

of these sulfated A-glycans around the corpus callosum, which is characterized by the
presence of a cluster of myelinated nerve fibers*®. Sulfated N-glycans have been shown

to be implicated in the peripheral nervous system myelination#®. Myelination is implicated
in tuning axonal functions and degeneration of demyelinated axons mediates permanent
neurological disability*’:48, The spatial localization of the sulfated glycans in the myelin-
enriched corpus callosum in the brain underlines the significance of the spatial glycan cues
in disease pathophysiology in several myelin disorders.

CONCLUSIONS

We report a charged glycan sensitive MSI strategy to spatially resolve the A-linked glycans
in the brain. A total of 136 A-linked glycans were confidently identified based on previous
identifications found in the literature. We also report around 50% sialoglycans in the total
glycans detected, which is 3-fold higher than the previous reports. The study reports a
significant amount of multiply-charged peaks, identifying potential sulfate modifications
in the brain as well as several chlorine-adducted structures. This report demonstrates a
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sensitive, sialoglycan preserving, /in situ N-linked glycan imaging by IR-MALDESI for brain
tissue, alleviating the need for chemical derivatization. This study reports a reproducible
spatial profiling platform for the brain glycome to serve as a baseline for the identification of
glycan biomarkers and their regulation in acute and chronic brain disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A soft ionization based mass spectrometric imaging modality that preservers and
significantly enhances charged (3-fold increase) A-glycan detection in the mouse brain

without chemical derivatization.

Synopsis:
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Figure 1:
Schematic outline of the sample preparation, test conditions and IR-MALDESI analysis of

FFPE mouse brain sections of 8-week old C57BL6 mouse
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Figure 2:
Increased glycan detection as a function of tissue section thickness analysis (a)

Approximately 3-fold increase in A-glycan detection from FFPE mouse brain tissue section
by using the novel IR-MALDESI platform. (b) Venn diagram showing the overlap of
N-glycans detected in the current study with Atglycans reported in prior investigations3-15
using MALDI-MS platform. (c) No significant changes in the A~glycan detection with
different section thicknesses and (d) MS images of a representative A-glycan showing the
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impact of section thickness on A-glycan detection. 3 um section thickness shows a more
abundant detection as compared to the 5 and 7 um sections
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goodness of fit confirm the detection of A-linked glycans with single and double chlorine
adducts, confirming the detection of chlorinated adducts in the negative ionization mode

using IR-MALDESI
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Figure 4: Spatial resolution of N-glycansin IR-MALDES!:
(a) Mass spectrum in the range of 900-1200 //z showing a significant number of multiply-

charged peaks with the annotated structures determined using GlyConnect database. Labels
without the structures were the multiply-charged peaks with no GlyConnect database
identifications. Colocalization with spatial features in the rodent brain (b, c, d ,e): lon images
and structures of four identified A-linked glycans using GlyConnect with the phase contrast
image of the brain is represented to show the glycan co-localization with morphological
features in the brain.
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Relative abundances of total A-glycans (a) Relative quantification of the total A-glycans

belonging to each of the three biosynthetic classes: oligomannose, complex, and hybrid and
different glycosylation traits (fucosylation, polysialylation (PSA) and overall sialylation)

in the mouse brain using the IR-MALDESI, (b) lon images of the higher abundance
representative glycans from each biosynthetic class with the composition and structure
identified using GlyConnect.
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Table 1:

Fifty most abundant multiply-charged deprotonated A-Linked Glycans detected in the mouse brain tissue with
high mass measurement accuracy in GlyConnect. Each identification is represented in short-hand notation
where H = hexose, N = N-acetylglucosamine, F = fucose, S = N-acetylneuraminic acid, Ge= N-
glycolylneuraminic acid and Sulph = sulfate modification. (Blue: High Mannose, Green: Complex glycans;
glycans arranged in the order of the abundance from high to low)

m/z Identified N-glycans | Massdeviation(ppm) m/z Identified N-glycans | Massdeviation (ppm)
652.1870155 | H5N2 1.333 1110.861362 | H6N5F1 0.625
867.7821072 | H3N5F1 1.108 1311.447054 | HG6N5F2S1 -1.372
733.2133119 | H6N2 0.892 866.5887738 | H6N5F1S1SULPH -1.326
990.8219828 | H5N4GC1 -0.386 826.756467 H5N3F1 2.239
766.2405952 | H3N4F1 -1.472 1183.887578 | H6N5F2 -1.807
976.2934079 | HION2 1.83 1329.945425 | HG6N5F4 -1.333
1021.837883 | H4AN5F2 1.239 1063.852961 | H5N4F1GC1 1.55
928.2974309 | H5N4F1 3.104 1293.427321 | H7N6F1 0.495
855.2668314 | H5N4 1.43 950.2873591 | H5N4F1SULPH 3.239
895.264665 H8N2 -0.612 1077.842691 | H5N4F1S1SULPH -1.229
796.2101844 | H6N5F1SULPH3 -0.064 1129.058992 | H7N6F1S3 -0.517
1126.379924 | H5N4GC2 0.818 1315.415566 | H7N6F1SULPH -0.983
972.2759642 | H5N4F1SULPH2 1.513 1029.83528 H5N5F1 1.128
920.2993552 | H4N4F2 2.454 1204.400851 | H5N6F2 -1.562
948.8074241 | H4ANSF1 -0.302 1050.34961 H4N6F1 1.894
1001.322324 | H5N4F2 -0.907 1056.688838 | HON8 3.658
847.2686836 | HAN4F1 0.643 1365.977386 | H6N5F1S2 -1.555
1154.842924 | H6N5F1SULPH2 2.096 1548.5474 H7N6F1S2 1.241
1055.85212 H5N4F1S1 -1.662 1285.42905 HB6N6F2 -0.101
1238.417731 | H6N5F1S1 -1.741 1128.884343 | H5N4F2S1 1.369
1420.98463 H7N6F1S1 -0.873 1092.705833 | H7N6F2S2 -0.262
1256.917503 | H6N5F3 -0.962 1366.455803 | H7NGF2 0.092
1102.862948 | H5N5F2 -0.212 902.3092718 | H4NG6F2 0.477
1173.385829 | H6NS5GC1 -2.184 959.3179993 | H7NGF3 2.866
1260.412142 | H3N6F1S2 -3.693 1085.334072 | H7N6F1S2SULPH2 1.671
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