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Posttranslational modifications such as glycosylation can play a fundamental role in signaling pathways
that transform an ordinary cell into a malignant one. The development of a protocol to detect these changes
in the preliminary stages of disease can lead to a sensitive and specific diagnostic for the early detection
of malignancies such as ovarian cancer in which differential glycan patterns are linked to etiology and
progression. Small variations in instrument parameters and sample preparation techniques are known
to have significant influence on the outcome of an experiment. For an experiment to be effective and
reproducible, these parameters must be optimized for the analyte(s) under study. We present a detailed
examination of sample preparation and matrix-assisted laser desorption/ionization Fourier transform
ion cyclotron resonance mass spectrometry (MALDI-FT-ICR-MS) analysis of O-linked glycans globally
cleaved from mucin glycoproteins. Experiments with stable isotope-labeled biomolecules allowed for
the establishment of appropriate acquisition times and excitation voltages for MALDI-FT-ICR-MS of
oligosaccharides. Quadrupole ion guide optimization studies with mucin glycans identified conditions
for the comprehensive analysis of the entire mass range of O-linked carbohydrates in this glycoprotein.
Separately optimized experimental parameters were integrated in a method that allowed for the effective

study of O-linked glycans. Copyright © 2008 John Wiley & Sons, Ltd.
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INTRODUCTION

The arsenal of tools that the world of omics can offer has led
to a better understanding of the etiology of diseases such as
ovarian cancer! at the gene, protein, metabolite and carbo-
hydrate levels. Gene expression studies have demonstrated
the relationship between tumor behavior and differential
expression of gene products, also known as proteins. Inves-
tigations with proteomics and glycomics have painted a
large and populated hunting ground for biomarker discov-
ery, as clearly shown by the diversity and sheer number
of proteins and carbohydrates to be found in the human
body. Recent studies’=® have implicated carbohydrates in
the progression of various types of malignancies, including
ovarian cancer, and clearly demonstrated that focus on car-
bohydrate patterns of glycosylated proteins can better direct
biomarker discovery so as to improve the chance of suc-
cess. In this respect, glycan profiling in key biospecimens,
including blood,”® urine,”!? cerebrospinal fluid (CSF)! and
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peritoneal lavage,'? have demonstrated differential carbohy-
drate patterns between diseased and control subjects.
Carbohydrates from glycoproteins are important in
several fundamental processes within the body such as
cell-cell communication, cell adhesion and migration, as
well as protein folding and secretion.'® In many diseases such
as certain types of cancer>®¢ and autoimmune disease,'*!
some modification to the glycosylation pattern is observed.
In recent studies, changes in the O-glycosolation pattern
have been observed in biospecimens from breast cancer!'®-%,
as well as several gynecological malignancies such as

2122 and cervical®

ovarian
In areas of biomarker discovery where changes between

control and disease states are often very subtle, particularly in

cancers.

the early stages of disease progression, the design of a robust
methodology is a necessity. Lebrilla and co-workers®®?!
have extended and applied well-established reductive g-
elimination chemistry for globally cleaving O-linked glycans
from glycoproteins® to the study of glycan pattern changes
in cancer. In this approach, protein information is necessarily
lost as the primary focus is differential glycan pattern
recognition, a less complicated system than the study of
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the entire serum glycoproteome. The work presented here
explores this approach and investigates its effectiveness
in glycan profiling of a mucin glycoprotein from porcine
stomach,? along with optimization of sample preparation
and MS instrument parameters.

Mucins are highly O-glycosylated proteins that are
present in many areas of the body. Mucin glycosylation
is based on a simple set of core structures in which N-
acetylgalactosamine (GalNAC) is linked to the side chains
of serine and threonine. Packer and colleagues® explored
glycosylations in porcine stomach mucin by liquid chro-
matography/mass spectrometry(LC/MS) and the use of an
in-line flow system to study reducing O-linked oligosaccha-
rides, as well as reductive g-elimination to investigate the
reduced glycans. Data on monosaccharide composition by
the two approaches was provided.?® Similarly, glycopeptide
digests for this type of glycoprotein were investigated by
Hotta and colleagues to obtain information on carbohydrate
composition.”’ Reductive and nonreductive release of O-
linked glycans from porcine stomach mucin were compared
by Lawson and co-workers through liquid secondary ion
mass spectrometry (LSIMS) and direct thin-layer chromatog-
raphy (TLC)/LSIMS analyses.?® Other reports have explored
sulfated oligosaccharides in this glycoprotein through chem-
ical release and alditol formation,?-3! as well as NMR
approaches to investigate glycan-protein linkages.?>3

We applied matrix-assisted laser desorption/ionization
Fourier transform ion cyclotron resonance mass spectrome-
try (MALDI-FT-ICR-MS) to study O-linked carbohydrates®
globally cleaved from porcine stomach mucin by reduc-
tive g-elimination. MALDI-FT-ICR-MS has generally not
been the method of choice for biomolecule quantification
due to background from matrix clusters at low m/z, signal
suppression between analytes in a sample and reduced sen-
sitivity due to the presence of cation adduct clusters.>*=% We
aimed to circumvent many of these problems by adequate
sample pretreatment to remove potential contaminants, and
proper selection of MALDI matrix so as to improve detec-
tion sensitivity and the overall quality of mass spectrometric
data. With optimized MALDI sample preparation protocols
previously developed in this laboratory,* we specifically
evaluated instrument parameters with stable isotope-labeled
peptides and disaccharides, as well as mucin glycans to
achieve an appropriate configuration for quantitative analy-
sis of O-linked carbohydrates. Oligosaccharide identification
through accurate mass measurements is given, as well as
details of optimization of experimental parameters.

EXPERIMENTAL

Materials or reagents

Mucin type III from porcine stomach, 2,5-dihydroxybenzoic
acid (2,5-DHB), trifluoroacetic acid (TFA), hydrochloric
acid (HCl), sodium hydroxide (NaOH), sodium borohy-
dride (NaBH4), sucrose, N-acetylglucosamine (GIcNAC),
N-acetylneuraminic acid (NeuAc), lacto-N-tetraose (LNT),
lacto-N-fucopentose (LNF), lacto-N-difucohexose (LND),
phenyl isocyanate (PIC) and angiotensin I (sequence Asp-
Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu) were obtained from
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Sigma-Aldrich (St Louis, MO). [UL-13C4fru] Sucrose (Suc*)
was purchased from Omicron Biochemicals (South Bend, IN).
3C-labeled PIC came from Isotec, Inc. (Miamisburg, OH).
Graphitized carbon solid-phase extraction (SPE) cartridges
(300 mg bed size, 100 m? /g surface area, 38—125 pm particle
size range) were obtained from Alltech (Deerfield, IL). High-
performance liquid chromatography (HPLC)-grade Burdick
& Jackson water and acetonitrile (ACN) were acquired from
VWR International (Suwanee, GA).

Optimization of MALDI-FT-ICR-MS parameters
with standard biomolecules

MS data were obtained using a Fourier transform ion
cyclotron resonance (FT-ICR) mass spectrometer interfaced
with a ProMALDI ion source (Varian, Lake Forest, CA) in
positive-ion mode. Applied Biosystems (Foster City, CA)
targets (Part # 433375) were used for sample spotting. A
Nd:YAG frequency tripled-laser (355 nm) promoted des-
orption/ionization of analyte. The Varian Omega 2XP data
station was used for all processing and signal generation.
The standard broadband pulse sequence was employed. The
instrument has a 9.4 T horizontal bore superconducting mag-
net with a 128 mm bore (Cryomagnetics Inc., Oakridge, TN).

Stable isotope-labeled peptides

Labeled peptides were quantified by liquid chromatography
ultraviolet (LC-UV) analysis (Shimadzu, Columbia, MD),
combined in equimolar mixtures and analyzed by MALDI-
FT-ICR-MS. Angiotensin I was reacted with PIC and C-
labeled *PIC through a procedure described elsewhere.* The
matrix of choice was 150 mg/ml 2,5-DHBin 1:1 ACN : 0.1%
TFA. Mass spectra were acquired using chirp and SWIFT¥
excitation waveforms with excitation voltages ranging from
20 to 120V in 10V increments, and 90-390V in 30V
increments, respectively. Ion abundance ratios from MS and
UV experiments compared favorably (data not shown).

Stable isotope-labeled disaccharides

Optimized parameters from angiotensin experiments were
selected to study and compare a concentration series of
actively dried mixtures of sucrose (Suc) and [UL-*Cefru]
sucrose (Suc*). In this series, [Suc*] was held constant as
the internal standard while [Suc] was varied. A similar
excitation voltage range to angiotensin studies (150-420 V in
30 V increments) was applied. The MALDI matrix of choice
was 100 mg/ml of 2,5-DHB in 1:1 ACN : 50 mm NaCl.3

Analysis of O-glycan patterns from mucin

Release of oligosaccharides from mucin by p-elimination
Oligosaccharides were cleaved from porcine stomach mucin
with alkaline borohydride solution (1 M NaOH and 0.1 M
NaBHy) by a previously described procedure.?*? The basic
solution was added to starting glycoprotein amounts ranging
from 3 to 0.001 mg to determine the limit of detection. The
mixture was then incubated in a heat block (VWR Scientific)
ata constant42 °C for 12 h to enable glycan release. Following
the reaction, a 1M solution of HCl was added dropwise
to quench excess base. Oligosaccharides released from g-
elimination were purified through SPE with a preconditioned
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Figure 1. Comparison of relative error and coefficient of variation for (a) chirp and (b) SWIFT excitation waveforms. Due to a smaller
relative error and coefficient of variation, SWIFT was determined to be more precise and accurate in MALDI-FT-ICR-MS of small

biomolecules.

graphitized carbon cartridge. Glycans of increasing mass
were eluted with 10 and 20% ACN. Standard carbohydrates
were employed to optimize the purification procedure.

Mass spectrometric analysis

Samples were spotted on a MALDI target with 2,5-DHB
(100 mg/ml in 1:1 ACN : 50 mm NaCl) as the matrix. The
analyte and matrix were combined in a 1:1 ratio and 0.8 ul
of the resulting mixture was applied on the target. Active
drying (AD) and passive drying (PD) methods for sample
spotting were explored.® Briefly, a cold stream of air was
applied to the analyte/matrix droplet in AD experiments,

Copyright © 2008 John Wiley & Sons, Ltd.

whereas PD involved allowing the droplet to air-dry under
ambient conditions. For the determination of MS instrument
parameters appropriate to study the entire mass range of
released mucin O-glycans, MS data was acquired with the
MALDI-FT-ICR quadrupole ion guide optimized at m/z
300-1000.

RESULTS AND DISCUSSION

Prior to the investigation of glycoprotein carbohydrates by
MALDI-FT-ICR-MS, instrument parameters were explored
with standard small biomolecules. Further optimization
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Figure 2. (a) Representative plot of abundance ratios (Asuc/Asuct) versus concentration ratios (Cgyc/Csuc+) Of labeled to unlabeled
sucrose (excitation voltage of 210 V). (b) Regression statistics from graphs like (a) were plotted against the excitation voltage range
studied to determine the optimum excitation voltage range for quantifying carbohydrates with MALDI-FT-ICR-MS.

of the quadrupole ion guide was then carried out with
the target analyte — glycans released from porcine stomach
mucin. MALDI sample spotting methods were also studied
for mucin glycans. Analysis of mucin carbohydrates from
decreasing mass of glycoprotein starting material provided
information on limits of detection (LOD) for the approach.

Optimization of MALDI-FT-ICR-MS parameters
with standard biomolecules

In any MALDI-FT-ICR experiment, high mass measurement
accuracies are possible through the optimization of excitation
voltage. Excitation promotes phase coherence of the ions and
enables the expansion of the orbit of the ion cloud so as to
induce a signal. The radius of the cloud following excitation
is called the postexcite radius.®® The role of postexcite radius
has been described elsewhere by Hawkridge et al.*!

Preliminary experiments with PIC-labeled and unlabeled
angiotensin indicated that MS analyses with SWIFT* were
generally more accurate and precise compared to chirp,
based upon percent relative error and coefficient of variation.
This is clearly demonstrated in the heat maps described in
Fig. 1. Furthermore, a trapping voltage of 1.8 V, an excitation
voltage range of 150-420V, and a 0.5s time acquisition
produced the best results.

Additional MS investigations with Suc* and Suc were
performed within the framework of instrument parameters
obtained from angiotensin experiments. MS data were
acquired on a concentration series of Suc and Suc*, in
which [Suc*] was held constant and [Suc] was varied.
Abundance ratios of Suc and Suc* were plotted against
their concentration ratios for each excitation voltage studied
(Fig. 2). Regression statistics of slope, R* and relative
standard deviation (RSD) of the slope for these plots

Copyright © 2008 John Wiley & Sons, Ltd.

were then graphed against excitation voltage (Fig. 2). The
optimum excitation voltage should provide a slope close to
1, an R? value close to 1 and a low RSD of the slope. The data
in Fig. 2 indicates that the ideal excitation voltage lies in the
range of 150-240 V.

In order to determine the optimum excitation voltage
in the above narrowed range, the percent ion composition
(%IC) for both labeled and unlabeled disaccharides at each
excitation voltage was plotted against their concentration
ratios (Fig. 3). R? values from these plots were then graphed
against the excitation voltage range explored (Fig.3). The
most suitable excitation voltage, 210V, produced an R?
close to 1. These parameters were subsequently applied
in the MALDI-FT-ICR-MS of O-linked glycans released from
porcine stomach mucin.

Reductive g-elimination

Influence of the amount of p-elimination reagents on MALDI-
FT-ICR-MS of released glycans was explored with mucin
from porcine stomach. A mixture of standard carbohydrates
composed of N-acetylglucosamine (GIcNAC, MW 221.21),
N-acetylneuraminic acid (NeuAc, MW 309.27), sucrose
(Suc, MW 342), lacto-N-tetraose (LNT, MW 707), lacto-N-
fucopentose (LNF, MW 853) and lacto-N-difucohexose (LND,
MW 999) was used to optimize the SPE of oligosaccharides
in glycan analysis. SPE with graphitized carbon cartridges
has been shown to be useful in the removal of salts, as
well as NaOH and NaBH, used in B-elimination reactions
to release glycans from glycoconjugates.*? A reversed-phase
mechanism is involved. Information on the optimum volume
of water for the desalting step of SPE analysis, as well
as the distribution of glycan molecular weights in each

J. Mass Spectrom. 2008; 43: 1215-1223
DOI: 10.1002/jms
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Figure 3. Determination of the optimum excitation voltage for the analysis of oligosaccharides by MALDI-FT-ICR-MS. (a) Plot of
percent (%) ion composition of sugar analytes against concentration ratios (Csyc/Csuc+) for labeled and unlabeled sucrose at 210 V
excitation voltage. (b) The R? values determined from plots like (a) over a range of excitation voltages were graphed against the
excitation voltage range studied.

Table 1. Troubleshooting guide for SPE of glycoprotein carbohydrates released by reductive g-elimination

MALDI analyte/matrix spots Cause Comments

e Clear, translucent sample spots withno  Excess base (NaBH; + NaOH) from SPE cartridge requires more thorough
crystal definition B-elimination reaction desalting with H,O prior to elution of

glycans

e Poor MALDI-FT-ICR-MS data

e Dark sample spots with no crystal Excess base (NaBH4 + NaOH) from SPE requires more thorough desalting with
definition B-elimination reaction and HCI from base  H,O prior to elution of glycans

neutralization

e Poor MALDI-FT-ICR-MS data
e Sample spots appear normal with good ~ Excess H,O desalting of SPE cartridge prior e Slow desalting rate (~1 ml/min)
crystal definition to elution, or too fast a washing rate
e Poor MALDI-FT-ICR-MS data e Fine-tune volume of desalting wash to
sample size

Note: In the presence of excess HCl, spots appeared normal with good crystal definition and no apparent effects on MALDI-FT-ICR-MS
data.

elution (10 or 20% ACN; higher proportions of ACN mass correlates to increasing hydrophobicity and thereby,

were not necessary) was obtained. Troubleshooting for g- increasing attraction to the graphitized carbon surface.
elimination and SPE elution of glycans is detailed in Table 1. Hence, larger glycans require a more hydrophobic solvent
In general, successful elution of glycans by SPE resulted for elution to overcome the attraction to graphitized carbon.

in the formation of analyte/DHB matrix sample spots on

a MALDI target with a thin, microcrystalline interior and MALDI-FT-ICR-MS of mucin glycans

a large, macrocrystal periphery. These were produced only The MALDL-FT-ICR quadrupole ion guide was optimized

from m/z 300 to 1000 to obtain a comprehensive picture of
mucin O-glycan patterns. Figure 4 depicts a box and whisker

with proper removal of excess alkaline borohydride from
sample solutions by thorough SPE cleanup. Optimum glycan

signals were obtained from the microcrystalline interior of plot of carbohydrate 111/ z ranges observed when the ion guide

these sample spots.** was optimized at increasing m/z values. Results indicated

Small and large carbohydrates were generally eluted that the majority of mucin glycan peaks were observed
in the 10 and 20% ACN fractions, respectively. The with the ion guide optimized at m/z values of ~400 (small
oligosaccharides elute in this pattern because increasing carbohydrates in the 10% ACN fraction of mucin glycans)
Copyright © 2008 John Wiley & Sons, Ltd. J. Mass Spectrom. 2008; 43: 1215-1223
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Figure 4. Box and whisker plot of m/z range of glycan peaks detected with the quadrupole ion guide optimized at increasing,
specific m/z values. Acquiring MS data with optimization at m/z 400 and 900 (data point not shown, but similar to optimization at m/z
1000) enabled the examination of most of the O-glycan peaks from mucin.

Table 2. Representative sodium-adducted oligosaccharide peaks (alditol form) with possible compositions observed in mucin from

the 10% ACN fraction

Expt. Theo.

m/z [M + Na]™ m/z [M + Na]™ Composition in [M + Na]*? Symbol®
611.224 611.227 1 Hex, 2 HexNAc (o)
773.274 773.280 2 Hex, 2 HexNAc B
814.289 814.306 1 Hex, 3 HexNAc

976.339 976.359 2 Hex, 3 HexNAc o
1122.399 1122.417 2 Hex, 1 Fuc, 3 HexNAc ()
1179.411 1179.439 2 Hex, 4 HexNAc O
1544.500 1544.571 3 Hex, 5 HexNAc O
1690.592 1690.629 3 Hex, 1 Fuc, 5 HexNAc ‘
1893.669 1893.708 3 Hex, 1 Fuc, 6 HexNAc

2112.732 2112.783 4 Hex, 7 HexNAc [ |
2404.813 2404.898 4 Hex, 2 Fuc, 7 HexNAc A
2550.895 2550.957 4 Hex, 3 Fuc, 7 HexNACc

2 Glucose is not present in mammalian O-glycosylations, and mannose is rarely present.*

® Identification of listed glycan peaks in mass spectra shown in Fig. 5.

Note: Many other glycans were detected and identified; only a representative number is given here.

and ~900 (large carbohydrates in the 20% ACN fraction of
mucin glycans).

In MALDI-FT-ICR-MS, ions are accumulated in the
hexapole and passed into the ICR cell through the
quadrupole ion guide. Primarily due to the time of flight
effect, larger ions arrive at the ICR cell at a slower pace than
do the smaller ions.*® Therefore, based on the time during
which the gate to the ICR cell is held open, a different mass
range of glycan peaks is observed. When the quadrupole ion
guide is optimized at a lower m/z, the gate is opened much
earlier, permitting only smaller ions into the cell. If the gate
is opened after the elapse of a longer time period, ions with
a larger mass are selected for analysis and the smaller ions
are excluded. As shown in Fig. 4, when this gate is opened
at later times, there is an increase in the average molecular
weight of ions observed in the mass spectra and a shift in
the range of molecular weights toward higher masses. Suc-
cessive MS analysis of mucin glycans with the quadrupole
ion guide optimized at a low (400) and high (900) m/z values
allows for the observation of a larger and more diverse range
of oligosaccharides from the glycoprotein.

Previous studies with monosaccharides have suggested
that AD of sample spots is the preferred method for

Copyright © 2008 John Wiley & Sons, Ltd.

carbohydrate analysis by MALDI-FT-ICR-MS.* These results
were corroborated with Suc and Suc* mixtures used in exper-
iments for instrument parameter optimizations (data not
shown). Our data further demonstrated that AD was pre-
ferred over PD in a more complex biological system of
cleaved mucin O-glycans. In AD, the constant motion of air
over the sample allows for mixing of the analyte and matrix,
which in turn creates a more uniform composition and a less
defined crystal structure throughout the spot. This allows for
higher glycan ion abundances in MS analyses.

Starting glycoprotein amounts ranging from 3 to 0.001 mg
were subjected to reductive p-elimination to release O-
glycans, which were subsequently analyzed by AD and
PD of MALDI sample spots with optimized MALDI-FT-
ICR-MS parameters. Lower LOD (0.01 mg starting mucin)
as well as improved glycan diversity and ion abundances
were observed with AD (Fig. 5). The 10% ACN fraction of
carbohydrates was well represented with the quadrupole ion
guide optimized at m/z 400, whereas comprehensive glycan
distribution in the 20% ACN fraction was observed with ion
guide optimization at #1/z 900. Peak identities (accurate mass
of Na* adducted alditol form of glycans) and composition
were determined with the OsCal program* (Tables 2 and

J. Mass Spectrom. 2008; 43: 1215-1223
DOI: 10.1002/jms
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Figure 5. Mass spectra of glycans from (a) 2 mg and (b) 0.01 mg (LOD) mucin starting glycoprotein mass. Active drying (AD) and
passive drying (PD) sample spotting techniques were compared. Mass spectra were acquired from carbohydrates from the 10 and
20% ACN fractions with the quadrupole ion guide optimized at m/z of 400 and 900, respectively.

3). Many other glycans were detected and identified, as
shown by peak diversity in the mass spectra, but only a
representative number are provided here. Some overlap in
glycans was observed in the two fractions.

CONCLUSIONS

In diseases such as ovarian cancer, a limited supply of
patient samples is available for study. Therefore, an effective
method of analysis must be designed prior to manipulation
of valuable biospecimens. In the experiments detailed here,
each step of the process for carbohydrate analysis is first
optimized with relatively simple systems and subsequently
applied to more complex biological specimens. Previous
investigations with standard monosaccharides, such as Gle-
NAc and NeuAc, revealed significant improvements in
carbohydrate ion abundance with AD over PD of carbohy-
drates spots for MALDI-FT-ICR-MS. These differences were
explained by glycan preferences for certain crystal poly-
morphs of matrix.**# Experiments with angiotensin and

Copyright © 2008 John Wiley & Sons, Ltd.

sucrose indicated that small modifications in mass spec-
trometric instrument parameters can have favorable effects
on the quality of data. The SWIFT waveform, along with
a trapping voltage of 1.8V and an excitation voltage of
210V yielded precise and accurate quantification for car-
bohydrates. Optimized MALDI-FT-ICR-MS protocols were
applied to study released glycans from a mucin standard
glycoprotein. The release of glycans through reductive g-
elimination and subsequent analysis was optimized for
mucin to obtain information on LOD for the protocol. Results
indicated that the majority of glycans investigated in mucin
were separated in elutions of increasing organic content by
increasing mass of carbohydrate. The entire mass range of
released glycans was observed by MALDI-FT-ICR-MS when
the quadrupole ion guide was optimized at m/z values of
400 (small oligosaccharides eluted with 10% ACN) and 900
(large glycans eluted with 20% ACN).

While accurate mass is an established method for
identification of analytes studied by MALDI-FT-ICR-MS,
tandem MS information can provide valuable insight

J. Mass Spectrom. 2008; 43: 1215-1223
DOI: 10.1002/jms
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Table 3. Representative sodium-adducted oligosaccharide peaks (alditol form) with possible compositions observed in mucin from

the 20% ACN fraction

Composition in [M + Na]*? Symbol?

Expt. Theo.
m/z [M + Na]* m/z [M + Na]*™
919.345 919.338
1138.418 1138.412
1325.506 1325.497
1341.503 1341.492
1909.728 1909.703
2055.790 2055.761
2217.827 2217.814
2363.903 2363.872
2420.905 2420.893

2 Hex, 1 Fuc, 2 HexNAc
3 Hex, 3 HexNAc
2 Hex, 1 Fuc, 4 HexNAc
3 Hex, 4 HexNAc
4 Hex, 6 HexNAc
4 Hex, 1 Fuc, 6 HexNAc
5 Hex, 1 Fuc, 6 HexNAc
5 Hex, 2 Fuc, 6 HexNAc
5 Hex, 1 Fuc, 7 HexNAc

SHepP>OOND

2 Glucose is not present in mammalian O-glycosylations, and mannose is rarely present.*

b Identification of listed glycan peaks in mass spectra shown in Fig. 5.

Note: Many other glycans were detected and identified; only a representative number is given here.

into analyte structure. Indeed, recent experiments in our
laboratory with DESI-MS have provided information on
glycan composition and configuration.”” In the future, studies
with O-glycans can be applied toward the investigation of
differential O-glycosylation patterns in glycoproteins from
biological specimens in the search for disease biomarkers.
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