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Abstract

A new platform for N-glycoprotein analysis from serum that combines matrix-assisted laser
desorption/ionization mass spectrometry imaging (MALDI MSI) workflows with antibody slide
arrays is described. Antibody Panel Based (APB) N-glycan imaging allows for the specific capture
of N-glycoproteins by antibodies on glass slides and N-glycan analysis in a protein-specific and
multiplexed manner. Development of this technique has focused on characterizing two abundant
and well-studied human serum glycoproteins, alpha-1-antitrypsin and immunoglobulin G. Using
purified standard solutions and one microliter samples of human serum, both glycoproteins can be
immunocaptured and followed by enzymatic release of N-glycans. N-glycans are detected with a
MALDI FT-ICR mass spectrometer in a concentration-dependent manner while maintaining
specificity of capture. Importantly, the N-glycans detected via slide-based antibody capture were
identical to that of direct analysis of the spotted standards. As a proof of concept, this workflow
was applied to patient serum samples from individuals with liver cirrhosis to accurately detect a
characteristic increase in an 1gG N-glycan. This novel approach to protein-specific N-glycan
analysis from an antibody panel can be further expanded to include any glycoprotein for which a
validated antibody exists. Additionally, this platform can be adapted for analysis of any biofluid or
biological sample that can be analyzed by antibody arrays.
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Glycosylation is one of the most common post-translational modifications and often consists
of the covalent addition of an oligosaccharide (glycan) to either an asparagine (N-linked) or
serine/threonine (O-linked) residue. N-linked glycans have been well-established to change
with the progression of cancer and other diseases,™ and studies indicate that the N-glycan
component of a glycoprotein may act as a specific disease biomarker more than the protein
alone.2® This has been shown in the success of fucosylated alpha-fetoprotein (AFP) as a
biomarker for liver cancer,®’ yet most N-glycan profiles present on protein biomarkers
remain unexplored. Current techniques for analysis of N-glycan profiles and their carrier
proteins are often time-consuming or require large amounts of sample,3:8:9 which limits the
ability to analyze significant numbers of patient samples for the discovery of novel disease
biomarkers. Some high throughput methods have utilized differential lectin binding to
identify carbohydrate structural motifs,10-12 yet these are limited to the variable and low
binding affinities of most lectins, and they cannot be used to report true structural

composition or glycan carrier (i.e. N-glycan, O-glycan, or glycosphingolipid) information.
10-12

The technology of matrix-assisted laser desorption/ionization (MALDI) mass spectrometry
imaging (MSI) has emerged in recent decades to hecome a powerful technique for analyte
detection and localization across tissue sections with high mass accuracy.13-17 This
technique creates two-dimensional heat maps of an analyte’s intensity across a tissue sample
on a slide. Our lab has previously developed a method for the spatial analysis of released N-
glycans across tissue sections18-23 and related workflows have been implemented and
adapted by multiple labs.24-27 However, as is common to any method relying on enzymatic
release of N-glycans, linking N-glycan signatures to their carrier proteins remains laborious
and requires extensive additional analysis.24-28 Leveraging that MALDI MSI can be used to
detect N-glycans from the solid surface of a tissue on a slide, we hypothesized that we could
extend beyond traditional imaging techniques to detect N-glycan profiles from target
glycoproteins captured on a slide-based antibody microarray panel. This would bridge the
gap in linking N-glycan signatures to their proteins, as the location of the detected N-glycans
along the slide array would be linked with each immunocaptured glycoprotein they were
released from. This method would obtain N-glycan profiles for each glycoprotein, rather
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than other targeted approaches analyzing only certain N-glycan motifs or one protein at a
time. Here we report a novel biomarker discovery platform by Antibody Panel Based (APB)
N-glycan imaging, which couples the analyte localization of traditional MALDI MSI with
the protein capture specificity of an antibody array for use with patient biofluid samples.

Experimental Section

Materials

Nitrocellulose-coated glass microscope slides (PATH microarray slides) and well slide
modules (ProPlate Multi-Array Slide System, 24-well) were obtained from Grace Bio-Labs
(Bend, OR). Trifluoroacetic acid, a-cyano-4-hydroxycinnamic acid, octyl-p-D-
glucopyranoside, human alpha-1-antitrypsin, and stock human serum were obtained from
Sigma Aldrich (St. Louis, MO). HPLC grade water, HPLC grade acetonitrile, bovine serum
albumin, and phosphate buffered saline were obtained from Fisher Scientific (Hampton,
NH). Peptide-N-glycosidase F (PNGase F) Prime ™ was cloned, expressed, and purified in-
house as previously described.2? Anti-human A1AT was obtained from Genway Biotech
(San Diego, CA). Human immunoglobulin G was obtained from Jackson ImmunoResearch
(West Grove, PA) and anti-human 1gG from Bethyl Laboratories (Montgomery, TX).
Cirrhotic patient serum was obtained from Dr. Amit Singal (University of Texas
Southwestern Medical Center, Dallas, TX). Serum samples were obtained via a study
protocol approved by the UTSW Institutional Review Board, with written informed consent
obtained from each subject. Diagnosis of liver cirrhosis was based on liver histology or
clinical, laboratory, and imaging evidence of hepatic decompensation or portal hypertension.
Each patient had a normal ultrasound; if serum AFP was elevated, a CT or MRI showed no
liver mass. Further patient details regarding these samples are found in our previous
publication.2®

Antibody array preparation

Nitrocellulose-coated microscope slides were used and wells created by attaching a 24-well
slide module. Antibodies were diluted in PBS and manually spotted in wells at 200ng per
1.5pL spot. Spots were then left to adhere overnight at 4°C in a humidity chamber made
from a 12x9x3.5cm western blot incubation box lined with a Wypall X 60 paper towel and 2
rolled KimWipes saturated with distilled water. Slides were then air dried at room
temperature and rinsed with 0.1% octyl-B-D-glucopyranoside in 1X PBS (referred to as
PBS-0OGS) to remove any unbound protein from slide. Rinse consisted of 200uL to each
well for 1 minute.

Sample capture and N-glycan release

Wells were blocked with 200uL of 1% BSA (prepared in PBS-OGS) for 1 hr with gentle
shaking. Wells were then washed with 200uL PBS (3 mins x 2) and 200uL double distilled
water (1 min x 1) and let air dry. Samples were added to wells and incubated at room
temperature for 2 hours in humidity chamber with gentle shaking. All samples were diluted
in PBS, with sample volumes of 100uL added to wells. Slides were then washed with 200uL
of PBS-OGS (1 min x 1), 200uL PBS (3 mins x 2), and 200uL double distilled water (1 min
x 1) and let air dry. After removing the well module, an additional wash was performed by
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submerging the slide into 50mL of water for 30 seconds to remove any residual salt. In order
to cleave N-glycans from captured proteins, PNGase F Prime™ (0.1ug/uL in HPLC grade
water) was applied to the slides using an automated sprayer (M3 TM-Sprayer, HTX
Technologies, Chapel Hill, NC) to retain localization with spraying parameters 15 passes at
45°C, 10 psi, flow rate 25uL/min, and 1200mm/min velocity. Slides were incubated
overnight at 37°C in humidity chambers made in cell culture dishes with Wypall X 60 paper
towels and 2 rolled KimWipes saturated with distilled water.

MALDI MS preparation and imaging

MALDI matrix a-cyano-4-hydroxycinnamic acid (CHCA, 7mg/mL in 50% acetonitrile/
0.1% trifluoroacetic acid) was applied to slides using the same automated sprayer.
Application parameters were 2 passes at 77°C, 10 psi, 1300 mm/min velocity and flow rate
100 pL/min. Slides were imaged on a solariX Legacy 7T FT-ICR mass spectrometer
(Bruker) equipped with a matrix-assisted laser desorption/ionization (MALDI) source.
Sampling was done using a SmartBeam Il laser operating at 2000 Hz with laser spot size of
25um. Images were collected using a smartwalk pattern at a 250uM raster with 200 laser
shots per pixel. Samples were analyzed in positive ion, broadband mode using a 512k word
time domain spanning m/z range 500-5000. An on-slide resolving power of 58,000 at m/z
1501 was calculated.

Data analysis

N-glycan localization and intensity were visualized using Flexlmaging v4.1 (Bruker), with
data imported at a 0.98 ICR Reduction Noise Threshold. Images were normalized to total
ion current and N-glycan peaks were selected manually based on their theoretical mass
values. Spectra were recalibrated using Data Analysis 5.0 (Bruker) with an 8-point linear
function based on N-glycan theoretical masses. For quantification of peaks at individual
spots, spectra were imported into SCILS Lab software 2017a (Bruker). Each spot was
designated a unique region and area under monoisotopic peak values were exported from
each region.

HPLC and lectin orthogonal confirmation

HPLC analyses on released labelled N-glycans were performed using a Waters Alliance
HPLC system as previously described.30 Lectin analyses on spotted glycoproteins were
performed as previously described.3!

Results and Discussion

The novel workflow for specific glycoprotein capture and APB N-glycan imaging is
illustrated in Figure 1. The workflow is founded upon a similar MALDI mass spectrometry
workflow for N-glycan imaging on tissue,2%-23 and consists of three major steps. The first
(Figure 1A) involves antibody spotting and glycoprotein capture localized to their antibody
spots. The second (Figure 1B) consists of PNGase F enzymatic release of N-glycans in a
localized manner and matrix coating of the slide, trapping released glycans in area of their
release. Figure 1C shows the third step of MALDI MS analysis of the slide, where an overall
spectrum is obtained with images correlating to each m/z peak. Images obtained from MS
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analysis depict the abundance of an N-glycan across a slide with color intensity, creating a
heat map for each N-glycan detected. This allows for the visualization of N-glycans released
from immunocaptured glycoproteins in an array type format, where N-glycans of interest
can be linked back to their protein carriers.

Initial experiments were done using human alpha-1-antitrypsin (ALAT) and immunoglobulin
G (IgG) as they are abundant glycoproteins in human serum with well-characterized N-
glycosylation sites.30:32-35 These glycoproteins have distinct N-glycan profiles from each
other, as shown in Figure 2 and Figure S1 with orthogonal HPLC and lectin confirmation of
unique N-glycan profiles. The N-glycan profiles in Figure 2 were obtained from MALDI
MS of AL1AT and IgG spotted directly to the slide, and show all detected N-glycans
comprising more than 1% of overall glycan signal. Proposed structures for these N-glycans
are shown, with the core fucose linkage on 1gG N-glycans assigned based on orthogonal
HPLC and lectin characterizations of this glycoprotein (Figure S1) as well as other literature
sources.34:35 Mass values of all detected N-glycans on A1AT and IgG are listed in Table S1.

Antibody capture of glycoproteins was performed similar to immunoassay procedures used
in other array formats.11:38 Antibodies were manually pipetted at 200ng per spot, each spot a
1.5uL volume. Wells were created with clip-on well modules and antibodies spotted within
these wells. Slides were blocked with 1% BSA to prevent nonspecific binding to the slide or
other antibodies. Figure 3A illustrates that the slide is sufficiently blocked to prevent A1AT
binding when the protein was spotted directly to the slide followed by a wash to remove
unbound protein. When ALAT was added to a well as a 100L sample, capture specificity to
its antibody was seen with A1AT N-glycans localized to anti-A1AT but not an adjacent anti-
1gG spot, shown in Figure 3B. Circles were added to indicate the position of spotted anti-
ALAT (red) and anti-IgG (blue) within the well. Figure 3C contains a dilution series of
A1AT added to its antibody, illustrating the successful capture of a glycoprotein and N-
glycan detection localized to capture spots. A major N-glycan signature was from m/z
2289.7619 (Hex5HexNAc4NeuAc2+3Na), which is depicted in 3C. This glycan represents
approximately 47% of the total glycan pool on ALAT and this peak can be observed at 10 ng
of captured protein. This correlates to approximately 3 femtomoles of that glycan, which
highlights the sensitivity of this platform. N-glycan signal intensities within each spot were
quantified using the area under the peak. As shown in Figure 3D, N-glycan signal from
immunocaptured A1AT was detected in a concentration-dependent manner, with a signal
plateau observed as the antibodies neared saturation. The profile of the most abundant N-
glycans detected on this captured glycoprotein showed extremely strong agreement with that
of glycoprotein spotted directly to the slide rather than antibody-captured, Figure 3E. This
was done to confirm that the glycoforms of ALAT present in solution are all captured by its
antibody. N-glycan of m/z 1809.6923 (Hex5dHex1HexNAc4+Na) was excluded from this
analysis as it is highly abundant on the capture antibody and thus would confound the
comparison of spotted to captured profiles. An orthogonal analysis of the N-glycan profile of
A1AT was performed with HPLC and lectin profiling, Figure S1.

To illustrate the potential of this platform to become a multiplex array for the simultaneous
analysis of multiple glycoprotein targets, side-by-side capture of two glycoproteins was
tested. Human AL1AT and IgG were used and antibodies to the two proteins were spotted
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side-by-side within each well as depicted in Figure 4A. Mixtures containing both A1AT and
1gG standards were added to wells in triplicate 100 uL volumes at the concentrations shown
in Figures 4B and 4C, with red and blue circles added to indicate antibody positions. N-
glycans were detected from both glycoproteins localized to their individual capture spots,
with an N-glycan signature unique to ALAT shown in Figure 4B (m/z 2289.7419,
Hex5HexNAc4NeuAc2 +3Na) and unique to 1gG in 4C (m/z 1485.5335,
Hex3dHex1HexNAc4 +Na). Quantifications to compare the protein signal to antibody
background signal for these images are shown in Figure S2. Specificity of capture was
observed by the lack of protein-specific N-glycan signals on the opposite antibodies as well
as the surrounding slide itself. As the goal of this platform is application to biological
samples for biomarker discovery, human serum was also used for side-by-side capture of
glycoproteins A1AT and IgG from a more complex mixture. Commercially-obtained human
serum was diluted in PBS (1:100) and added to the wells containing both A1AT and 1gG
antibodies as previously shown. As both glycoproteins are present in serum at concentrations
greater than 1mg/mL,3” addition of 1uL of serum per well was more than sufficient to
saturate the 200ng of capture antibodies spotted in each well. Figures 4D and 4E depict N-
glycan signatures associated with both glycoproteins captured from just 1uL of serum, again
showing great specificity of capture.

An anticipated application for this new platform is the discovery of disease-specific changes
in N-glycans on proteins captured from patient biofluid samples. As a proof of concept,
serum was pooled from 5 patients with liver cirrhosis, and 1uL of the pooled sample, diluted
1:100 in PBS, was added to the array in the triplicate. Commercially-obtained serum was
added in the same manner for comparison. This concentration of serum again allowed for
saturating amounts of these very-abundant proteins to be added to the antibodies, which is
important to ensure detected glycan changes are not due to variations in protein levels.
Glycoproteins were again specifically captured by their antibodies with detectable levels of
distinct N-glycans, imaging data and overall N-glycan profiles of 1gG shown in Figure 5.
Notably, an increase in an 1gG nongalactosylated N-glycan m/z 1485.5328
(Hex3dHex1HexNAc4+Na) was observed in the cirrhotic serum compared to stock human
serum, Figures 5A-C. This particular N-glycan has been previously described to increase in
cirrhotic serum38:39 and this new platform showed agreement with those findings. A
subsequent decrease in galactosylated biantennary N-glycans (m/z 1809.6293
Hex5dHex1HexNAc4+Na and 1647.5545 Hex4dHex1HexNAc4+Na) was also observed,
illustrating the potential for comparison of glycan ratios that may change in the presence of
disease (Figures 5B and 5C). For example, the ratio of glycans m/z 1485.5328 to 1809.6293
increased from 0.35 to 0.68 in cirrhotic patient serum. Intensity value comparisons of these
N-glycans are shown in Figure S3. Additional N-glycans were observed on IgG only from
cirrhotic samples, which illustrates the potential for greater variance in glycan profiles as
clinical samples are used. A list of all N-glycans observed in these samples is found in Table
S2. A1AT was also successfully captured from these cirrhotic samples without a loss in
binding specificity, as shown in Figure 5D. This experiment illustrates the future potential
for this platform to be applied to patient samples for detection of disease-related N-glycan
changes for biomarker purposes. Together, these results describe the development of a new
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APB mass spectrometry platform for protein-specific N-glycan analysis from biofluid
samples in a clinically-relevant manner requiring minimal sample consumption.

Conclusion

Described here is a new antibody panel based mass spectrometry platform for the
multiplexed detection of N-glycans in a protein-specific manner from biological samples.
The development of this technique was based on a well-established protocol for enzymatic
release of N-glycans from tissue sections for MALDI MSI.18:20 The two-dimensional
analysis with detection by MSI allows for the mapping of N-glycan signals to their carrier
proteins along a slide-based antibody array. In this platform, antibodies are essential for the
specific capture of glycoprotein targets from a complex biological mixture, similar to an
ELISA. Yet unlike an ELISA, no secondary antibody or lectin is needed for this
methodology as mass spectrometry provides sensitive and specific detection of distinct N-
glycans. Antibody capture also negates the need for sample clean-up prior to MS analysis,
which can be extensive.1-340-42 However, as is typical for serum-based assays, evidence for
the presence of heterophilic antibodies in cirrhotic serum has been observed with
nonspecific binding to some antibodies assayed, which can lead to false positives in clinical
assays.2943 Antibody capture has been previously used to capture a single target protein for
MALDI MS analysis,**4° yet our novel multiplexed technique can be expanded for the
analysis of potentially 100s or 1000s of different N-glycoproteins in one imaging run. Each
run generates an immense amount of data, as spectra showing potentially hundreds of N-
glycan species are gathered localized to each glycoprotein on the array. Therefore, this
method has powerful capabilities for the characterization of N-glycosylation across many
target proteins simultaneously.

This new method extends the capabilities of existing N-glycan biomarker detection
technologies. Lectin microarrays have been used for detection of changes in N-glycans in a
biomarker setting,11:46-48 however our new APB N-glycan imaging method significantly
increases the amount of information that can be obtained from such analyses. While lectins
bind to N-glycan structural motifs, MALDI MS detects the compositions of N-glycans
present. The method can be easily adapted to the use of other instrumentation, e.g., ion
mobility, which will allow reporting on configuration of N-glycoforms. Additionally, APB
glycan imaging obtains a complete mass spectrum for each glycoprotein capture spot,
allowing hundreds of potential N-glycan masses to be probed per glycoprotein target as
opposed to a select few probed with targeted lectin analysis. Detection of the glycan
heterogeneity present on each protein can be used for calculation of glycan ratios, which
may represent important alterations in the overall glycosylation of a protein that can be
clinically utilized.4950 Though different glycans will vary in ionization efficiencies, these
inherent properties are assumed to remain constant across different samples, thus having a
negligible effect on ratio comparison. As previously mentioned, MSI analyses on tissues
have been used for elucidating N-glycan changes in the presence of disease.21:22:51.52 \While
tissue-based analysis is often used for prognosis and pathological examination, it is not as an
accessible material for early detection of disease, as is serum or other biofluids. We
hypothesize that our new biomarker discovery and validation platform may be used with
readily available patient biofluids such as serum or urine.
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Further work remains to increase the clinical power of this platform. More antibodies can be
added so that more glycoproteins can be probed per analysis. This improvement will be
limited by the quality of these antibodies — both in binding affinity and specificity — as is
widely recognized in the field of antibody research. The addition of patient samples shown
in Figure 5 highlights the importance of antibody quality in specifically capturing target
glycoproteins from complex samples that have potential for great heterogeneity. We
acknowledge to the reviewer that we understand concerns of capture specificity in clinical
samples that will require validation of each antibody used. Observed variance in clinical
samples could occur due to poor antibodies, or it possible the sensitivity of our new platform
could unveil novel disease-related anomalies not previously recognized by current N-glycan
analysis methods. Future work will be performed to remove the N-glycans present on
antibodies to limit background signal. Clinical relevance can also be improved by
streamlining the workflow, as the current method requires 1.5 days. Additionally, translation
of this technique to other mass spectrometry platforms will be important both for achieving
complete structural information of the detected N-glycans as well as moving to more
clinically-accessible MALDI MS instruments. The MALDI MS instrumentation used in this
study does not uncover the full structural configuration of an N-glycan, rather its
composition. While the N-glycan profiles of the two glycoproteins used here have been
well-characterized by orthogonal methods, future work with less-studied glycoproteins will
require additional N-glycan structural characterization or orthogonal confirmation. Mass
spectrometry analysis following trypsin digest to observe peptides rather than N-glycans will
also be used to confirm glycoprotein binding specificity at each antibody.

The development of this novel platform suggests exciting potential for application in the
clinic as both a biomarker discovery tool as well as a new screening platform for a number
of diseases in readily available clinical biofluid samples. This platform was able to detect N-
glycans on glycoproteins captured from only 1pL of human serum, illustrating its potential
for use with very minimal patient sample consumption. N-glycans and their role in disease
progression are quickly becoming recognized as an important new frontier for biomedical
research. However, the applications of this new technique extend beyond just N-glycans and
biofluid samples: this platform could be used with liquids such as cell supernatants or probe
other classes of glycans or post-translational modifications.
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A. Array Fabrication B. MALDI Preparation
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Figurel.
Workflow for Antibody Panel Based N-glycan imaging by MALDI MS. A) Antibodies are

spotted and slide blocked with BSA. Sample is added for capture of glycoproteins by their
antibodies. B) N-glycans are enzymatically released in a localized manner followed by
matrix application. C) Slides are imaged by a MALDI FT-ICR MS to obtain overall
spectrum and individual images for each m/z peak, which show the abundance of each N-
glycan in two-dimensions across the array.
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Figure 2.
N-glycan profiles observed on human A1AT and 1gG by MALDI of spotted proteins.

Glycoproteins were spotted (500ng) to a slide and imaged by MALDI FT-ICR MS for
detection of N-glycans on each protein. Percentage of each N-glycan specie was calculated
by area under the peak divided by the total of all N-glycan peak areas. The proposed
structures for all species comprising >1% of each protein’s N-glycome are shown above, and
there are clearly distinct N-glycan structures on the two proteins. N-glycan compositions are
represented by blue square for N-acetylglucosamine, green circle for mannose, red triangle
for fucose, and yellow circle for galactose.
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A. B. C.
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N-glycan detection by MALDI MSI of immunocaptured A1AT. A) ALAT was spotted (1pL)
to slide with and without blocking (1% BSA). Imaging data is from the most abundant N-
glycan observed on A1AT, which is not seen on the blocked slide. B) A1AT was added in a
100uL volume to a well containing both anti-A1AT and anti-1gG as adjacent spots, red and
blue circles added for emphasis of antibody location. C) A dilution series of A1AT standard
solutions (100pL) were added in triplicate to anti-A1AT. N-glycan signal is seen at antibody
spots with an increase in color intensity observed as more glycoprotein was present. D)
Quantifications of imaging data in C were performed by calculating the area under the peak
for each sample. Each data point represents the average +/— standard deviation of three
samples. E) Comparison of A1AT spotted directly to the slide versus antibody-captured. N-
glycan profiles showed strong agreement. Percentages of each N-glycan specie were
calculated by area under the peak divided by the total of all N-glycan peak areas. The
proposed structures for the most abundant N-glycans on A1AT are shown.
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Figure 4.
Side-by-side capture of A1AT and 1gG from standard solutions and stock human serum. A)

Template of the well module used on nitrocellulose-coated microscope slides. Within each
well both anti-A1AT and anti-1gG were spotted adjacently at 200ng per 1.5)L spot. B-C)
Solutions containing a mixture of both A1AT and IgG standards were added in triplicate to
the two antibodies, red and blue circles added to indicate positions of anti-A1AT and anti-
IgG, respectively. An A1AT-associated N-glycan was observed localized to the leftof each
well, illustrating specific capture of this glycoprotein by anti-A1AT. An IgG-associated N-
glycan was observed localized to the right of each well, illustrating specific capture of this
glycoprotein by anti-IgG. D-E) Stock human serum was diluted in PBS and added in
triplicate to each well at only 1uL of serum per 100uL well. N-glycan signals from both
A1AT and IgG were again detected localized to their respective antibodies. The N-glycan
compositions are represented by blue square for N-acetylglucosamine, green circle for
mannose, red triangle for fucose, and yellow circle for galactose.
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Figure5.
Potential for detection of altered N-glycosylation in patient serum samples. A) Stock human

serum and serum pooled from 5 patients with cirrhosis were added in triplicate to wells
containing both anti-A1AT and anti-IgG as shown previously. 1uL of serum was diluted in
100uL PBS for the addition to each well. An IgG-associated N-glycan was observed to
increase in the cirrhotic samples compared to the stock serum, which has been previously
reported. B-C) 1gG N-glycan profiles in stock human serum and cirrhotic patient serum
illustrating an increase in the nongalactosylated fucosylated biantennary N-glycan from A
(red arrow) and a subsequent decrease in the galactosylated fucosylated biantennary N-
glycans. Percentages of each N-glycan specie were calculated by area under the peak
divided by the total of all N-glycan peak areas. D) An A1AT-associated N-glycan is shown
to illustrate that this glycoprotein was also specifically captured out of both stock and
cirrhotic patient serum.

Anal Chem. Author manuscript; available in PMC 2020 February 13.



	Abstract
	Graphical Abstract
	Experimental Section
	Materials
	Antibody array preparation
	Sample capture and N-glycan release
	MALDI MS preparation and imaging
	Data analysis
	HPLC and lectin orthogonal confirmation

	Results and Discussion
	Conclusion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.

