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Abstract
Quantitative analysis of site-specific glycosylation of proteins is a challenging part of
glycoproteomic research. Multiple enrichment steps are typically required in the analytical
workflows to achieve adequate characterization of the site specific glycoforms. In spite of recent
advances, quantitative workflows need further development. Here we report a selective and
sensitive MRM3 mass spectrometric method for direct analysis of O-glycopeptides in difficult
matrix such as serum. Method optimization was performed using two serum glycoproteins,
hemopexin (HPX) and sex hormone binding globulin (SHBG). With the optimized MS3
workflow, we were able to analyze major glycoforms of HPX directly in human serum.
Quantification of the minor glycoforms of HPX and glycoforms of SHBG required enrichment of
the protein because these analytes were below the sensitivity of the 4000 QTRAP in the complex
serum background. In conclusion, we present a quantitative method for site-specific analysis of O-
glycosylation with general applicability to mucin-type glycoproteins. Our results document
reliable application of the optimized MRM3 workflow to the relative quantification of O-
glycosylation microheterogeneity of HPX in human serum. Introduction of isotopically labeled
standards would be desirable to achieve absolute quantification of the analytes. The possibility to
analyze serum samples directly represents a significant improvement of the quantitative
glycopeptide workflows with the potential for use in clinical applications.

1 Introduction
Glycosylation is a common protein modification growing in its impact on physiology with
the complexity of the organism [1]. N- and mucin type O- glycosylation of proteins, two
types of glycoconjugates studied extensively in the disease context, are co/post-translational
processes carried out in the endoplasmic reticulum and Golgi compartments by a complex
enzymatic machinery [2]. Many enzymes in the glycosylation pathways orchestrate the site-
specific addition of various glycans to proteins and studies of the impact of glycosylation on
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protein function have rapidly grown in recent years [3, 4]. Aberrations in the glycosylation
pathways have been associated with multiple diseases, including cancer and inflammatory
diseases [5, 6]. In addition, determination of protein glycoforms can be important for
functional characterization of a growing number of biopharmaceuticals [7]. While the
micro-heterogeneity of glycoforms provides important clues to protein function, it presents
substantial analytical challenges [8, 9]. This is one of the reasons why analytical methods for
quantification of changes in site-specific protein glycoforms are not developed to a degree
comparable with their projected impact on human biology.

N-glycoforms of proteins are more extensively studied thanks to the use of enzyme PNGase
F which releases N-linked glycans comprehensively from the protein/peptide backbone [10].
Because enzymes comprehensively releasing O-glycans from proteins are not available,
analysis of O-linked glycans relies on chemical methods of cleavage [11]. (Non)-reductive
beta-eliminations are the most common approaches to release the O-linked glycans but the
lesser degree of standardization of these methods is a source of higher measurement
variability compared to the enzymatic N-glycan release [12, 11]. These analytical challenges
limit quantitative studies of site-specific O-glycoforms even though the mucin–type O-
glycosylation received considerable attention especially in the context of cancer diseases [5]
[13]. Mucins dominate the surface of cancer cells; changes in their glycoforms have
profound impact on the biology of cancer cells [14, 15]. These important changes in protein
O-glycoforms are typically measured by immunoaffinity reagents, when available, or by
descriptive mass spectrometric methods [5, 16], [17]. In this paper, we present an LC-MS-
MRM workflow intended to improve the quantitative comparison of O-glycopeptides in
biologically relevant conditions.

2 Materials and Methods
2.1 Isolation of hemopexin from human serum

Hemopexin (HPX) was purified from human serum according to a previously described
method [18] with some modifications. Briefly, 200 μl of hemin-agarose suspension (Sigma-
Aldrich, St. Louis, MO) was loaded on a Pierce spin column (Thermo Scientific, Rockford,
IL) and washed three times with 500 μl of PBS, pH 7.4. One hundred microliters of serum
was diluted five times with PBS, loaded onto a hemin-agarose column and incubated
overnight at 4°C with continuous end-to-end rotation. The flow-through was discarded and
the column was subsequently washed ten times at room temperature with 500 μl PBS
containing 0.5 M NaCl. HPX was eluted with 3 x 300 μl 0.2 M citric acid, pH 2.0 followed
by immediate neutralization with 200 μl of 1 M Tris-HCl, pH 9.5. All three elutions were
combined, concentrated in a vacuum concentrator (SpeedVac, Savant Instruments,
Farmingdale, NY) to a final volume of approximately 300 μl and separated by reversed
phase C18 chromatography using an Agilent 1100 Series HPLC system (Agilent
Technologies, Santa Clara, CA). We used mRP Hi-Recovery Protein 4.6 X 50mm C18
column (Agilent Technologies) heated to 40°C at a flow rate of 0.5 ml/min. The
concentrated eluate from hemin-agarose was injected in solvent A (2% ACN, 0.1% TFA)
and separation of HPX was achieved by a linear gradient of solvent B (98% ACN, 0.08%
TFA) from 35–45% in 35 min. The chromatogram was monitored at 214 nm and the area of
the peak corresponding to HPX was used to estimate the protein quantity by comparison to
human HPX standard (H9291, Sigma-Aldrich) of known concentration. The yield of HPX
using this procedure was 20–25 μg per 100 μl of serum. The eluate corresponding to the
HPX peak was collected, dried in a vacuum concentrator, and stored at −80°C for further
analysis [18].
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2.3 Analysis of O-glycopeptides
HPX and sex hormone binding globulin (SHBG) (10-789-430068, Genway Biotech, San
Diego, CA) was analyzed as described previously with some modifications [19]. Briefly, 2
μg of HPX standard was reduced with 5 mM DTT for 60 min at 60°C, alkylated with 15
mM iodoacetamide (IAA) for 30 min in the dark, excess IAA was quenched with 5mM DTT
and dried. The dried reaction mixture was dissolved in 50mM NH4HCO3 containing 0.05%
RapiGest (Waters, Milford, MA) and digested 60 mins with Trypsin Gold (Promega,
Madison, WI, 1:20 wt:wt) using Barocycler NEP2320 (Pressure BioSciences, South Easton,
MA) at 37°C. The tryptic digest was analyzed using an LC-MS/MS workflow with Q-TOF
mass spectrometric detection. The workflow for the analysis of SHBG was identical except
chymotrypsin (Thermo Scientific) was used to prepare the digest at 50°C for 90 mins.
Glycopeptide identification was achieved by RP chromatography (Tempo Capillary
Chromatography, Eksigent, Framingham, MA) on Symmetry C18 (3μm, 180μm, 20mm)
trap column (Waters) and Acclaim Pepmap C18, 300Å, 3μm, 150mm x 0.75μm capillary
column (Dionex, Sunnyvale, CA) interfaced with a 5600 TripleTOF mass spectrometer (AB
Sciex, Framingham, MA). Tryptic/chymotryptic digest was separated with a 3 min trapping/
washing step using 2% ACN, 0.1% formic acid at a 15 μl/min flow rate followed by a 60
min elution gradient of 0.1% formic acid in ACN. For all runs, we have injected 1 μl (cca 2
pmols) of sample directly after enzymatic digestion. Analysis used an Information
Dependent Acquisition workflow with one full scan (400–1800 m/z) followed by three MS/
MS fragmentation experiments of major multiply-charged precursor ions with collision
energy 35eV. Mass spectra were recorded with accuracy up to 2ppm in high resolution
mode. The experimental parameters were set as follows: declustering potential 80V, curtain
gas 15, ion spray voltage 2400V, ion source gas1 20, interface heater 180°C, entrance
potential 10V, collision exit potential 10V. Glycoforms of the SHBG and HPX O-
glycopeptides were identified based on their precursor mass, characteristic oxonium ions,
and fragments of the peptide backbone.

2.4 MS2 collision energy optimization
Tryptic and chymotryptic digests (2 pmoles on column) of HPX and SHBG, respectively,
were used for optimization of the MS2 fragmentation. Optimization of collision energy was
achieved by RP chromatography (NanoAcquity, Waters) on a Symmetry C18 (3um, 180um,
20mm) trap column and UPLC capillary column (BEH 300Å, 1.7um, 150mm x 0.75um)
(Waters) interfaced with a 4000 Q-TRAP mass analyzer (AB Sciex). Glycopeptides were
separated by a 3 minute trapping/washing step using 2% ACN, 0.1% formic acid at a 15 μl/
min flow rate followed by a 40 min elution gradient of 0.1% formic acid in ACN at a flow
of 0.4 μl/min. The gradient was set as follows: 3% ACN, 0.1% formic acid 0–5 min; 3–50%
ACN, 0.1% formic acid 5–30 min; 50–98% ACN, 0.1% formic acid 30–35 min; 98% ACN,
0.1% formic acid 35–40 min. The multiple reaction monitoring (MRM) workflow was used
for optimization of all collision energies in one run. Transition list used for optimization of
MS2 fragmentation was created using MS EXCEL. All collision energies were optimized to
achieve the highest intensity of the glycopeptide fragment consisting of the multiply charged
whole peptide backbone fragment, HPX 905.8 (3+) and SHBG 612.3 (2+) respectively.

2.5 MS3 method optimization
MS2 and MS3 (LIT) fragmentations were optimized by injection of 1 pmole of the tryptic
digest of HPX standard on column. Optimized parameters from the MS2 were used for
optimization of MS3 (LIT) collision energy under the same chromatographic conditions as
described above. MS3 full scan mode was used as the first step to obtain the MS3
fragmentation spectra. Three ions were chosen for analysis and collision energy was
optimized in LIT for maximum intensity of selective peptide fragment ions with 3Da width,
y61+ 716.3, y233+ 802.05, b222+ 1000.5 for HPX and y61+633.4, b152+783.9 and b91+950.6
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for SHBG. We have chosen collision energy for each glycopeptide with the maximum
intensity of the sum of all three fragment ions. All parameters were tested for selectivity and
sensitivity in full MS3 spectra and for focused detection of specific MS3 fragments from
MS2 precursor/fragment ions. MS3 mass spectrometry methods were optimized as single
methods for analysis of each O-glycopeptide, and included MRM of normalization peptides
using three major fragments as the transitions for each. (GGYTLVSGYPK,
SGAQATWTELPWPHEK in the case of HPX and NLRDIPQPHAEPW,
LDKQAEISASAPTin the case of SHBG).

2.6 Glycopeptide quantification in a complex matrix
Human serum (0.2μl) was diluted in 20μl of 25mM NH4HCO3 with 0.1% RapiGest
(Waters), reduced by 5mM DTT for one hour at 60°C, and alkylated with 15mM IAA for 20
mins at room temperature in the dark and excess IAA was neutralized with 5mM DTT. The
samples were digested with 0.2 μg of Trypsin Gold for MS (Promega) for 60 mins at 37°C
or 0.5 μg of Chymotrypsin (ThermoScientific) using barocycler (Pressure BioSciences) for
90 mins at 50°C. Separation of glycopeptides in the digest was achieved by using a 60 min
gradient elution with ACN containing 0.1% formic acid (B) starting from 2%ACN with
0.1% formic acid (A) (0–3min 98% A, 3–25min 98–50%A, 25–29min 50–10%A, 29–33min
10%A, 33–33.5min 10–98%A, 33.5–60min 98%A). Samples were measured in duplicates
and data analysis was carried out using MultiQuant software 2.0 (AB Sciex). Results were
exported as text files for data normalization using MS EXCEL software. Quantitative results
represent average of normalized duplicate measurements.

3 RESULTS AND DISCUSSION
3.1 Fragmentation of HPX and SHBG O-glycopeptides

We have selected for analysis seven O-glycoforms of the
TPLPPTSAHGNVAEGETKPDPDVTER tryptic peptide of HPX and two dominant O-
glycoforms of the RPVLPTQSAHDPPAVHL chymotryptic peptide of SHBG (Table 1).
These peptides were selected based on previously published results [20] and additional
analysis of the SHBG and HPX on the 5600 QTOF. Presence of these glycoforms was
verified manually on the basis of glycopeptide precursor mass, the presence of characteristic
oxonium ion fragments, as well as b and y peptide fragment ions. A typical spectrum of
HPX glycoform Neu5Ac-Hex- GalNAc and SHBG glycoform Neu5Ac-Hex-GalNAc is
presented in Figure 1. The MS2 fragmentation spectra on the 5600 Triple TOF mass
spectrometer were acquired using the default collision energy of 35eV. The spectra show
that, contrary to complex N-glycopeptides, the fragmentation of O-glycopeptides produces
well detectable fragments of the peptide backbone and contains the de-glycosylated peptide
as a major fragment. This fragment was selected for MS3 fragmentation in the LIT of the Q-
TRAP mass analyzer using default MS2 collision energy of 100eV (Figure 2).

3.2 Optimization of collision energy in MS/MS (MRM) and LIT
Because of its favorable intensity and larger number of quantifiable LIT fragments, we have
selected the above de-glycosylated peptide fragment as our target for MS2 collision energy
optimization. We have used an MRM workflow for the optimization. The optimized
collision energy for different precursor masses of HPX shows a linear trend summarized by
the equation CE = 0.0685 * (m/z) – 21.557 (Figure 3). This equation was used to predict
optimal collision energy for the fragmentation of SHBG glycopeptides. We have found the
optimum at 23 eV for 623m/z which is within 2eV of the predicted value of 21 eV. This
equation should be generally applicable to the prediction of optimal O-glycopeptide
collision energies on the Q-Trap mass analyzers.

Sanda et al. Page 4

Electrophoresis. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



MS3 collision energy in the LIT was optimized for maximum intensity of 3 major HPX
fragment ions of the peptide backbone (Figure 4). Fragment 907.58 was excluded because of
the proximity to the precursor mass. Maximum intensity of the sum of these fragment ions
was used as the optimization criterion, independent of the precursor intensity in product
spectra; all the monitored ions are greater than 1/3 m/z of the precursor due to the cutoff of
the ion trap. This workflow allows MRM3 monitoring of three fragments for each of seven
glycopeptides of hemopexin plus MRM quantification of two normalization peptides (three
transitions each) with at least 7 points per peak in one chromatographic run.

3.3 Comparison of full scan from MS2 and MS3
MS2 fragmentation is commonly used for MRM quantification of proteins, including
quantification in complex mixtures [21]. The broad dynamic range of protein concentrations
typical in biological samples, serum in particular, limits the applicability of MRM methods
to low concentration analytes. This limitation was addressed by enrichment strategies using
multidimensional fractionation or immunoafinity enrichment [22, 23]. As a simpler
alternative, the MRM3 workflow was shown to be more selective and more sensitive
compared to MRM in the case of peptides in complex background [24]. Prostate specific
antigen (PSA) was quantified using the MRM3 method in serum with a limit of detection of
1.5 ng/ml; this workflow included mixed mode cation exchange enrichment on a solid-phase
cartridge [24]. MS3 ion trap mass spectrometry was used for structural analysis of O-
glycopeptides by several groups [25, 26]. The O-glycopeptide fragmentation was elegantly
summarized in recent reviews [11] but we are not aware of any MRM3 applications for O-
glycopeptide quantification. Our analysis confirms that the series of b and y fragment ions of
the peptide backbone is typically quantifiable in the MS2 spectra of O-glycopeptides
(Figures 1 and 2). Because the optimized fragmentation generates de-glycosylated peptide as
the major product ion in the MS2, we have also explored the option to proceed with the MS3
fragmentation in the Q-trap which is expected to improve sensitivity and specificity of
detection in the complex background [27]. This expectation was evaluated in our MRM and
MRM3 quantification of the O-glycopeptidesof HPX in human serum (see below).

3.4 Comparison of MRM and MRM3 workflow in human serum
We have compared the methods for quantification of HPX in either unfractionated serum or
using HPX isolated from serum as described in methods. The O-glycopeptides of HPX were
quantified in serum of 4 healthy volunteers. We have determined by the analysis of the
major glycoforms of HPX isolated from serum that the response is linear over 3 logs of HPX
concentration. The limit of detection or quantification for all glycoforms cannot be
accurately determined because we do not have synthetic isotopically labeled standards of the
microheterogeneous peptide glycoforms. The isotopic standards would be useful for the
determination of absolute concentration of the glycopeptide; however, we can estimate,
based on the XIC of the precursor glycopeptide ion of the major O-glycoform of HPX
(Neu5Ac-Hex-GalNAc), that its proportion is higher than 80%. We have estimated the
detection limit as 3 times the value of signal intensity of a blank (y-intercept) determined
from a “calibration curve” consisting of injection of 5 HPX concentrations; this was done by
addition of different amounts of isolated HPX to human serum. Our results show that limit
of detection for the major HPX O-glycopeptide in human serum, as measured by the MRM3
workflow, is approximately 3 ng/μl. Sensitivity of the workflow for quantification of O-
glycopeptides is therefore comparable to the sensitivity of the previously reported MRM3
workflow for the detection of peptides [24]. Using the optimized MRM3 workflow, we have
quantified seven glycoforms of HPX (Figure 5a) and two glycoforms of SHBG (Figure 5b).
These measurements were carried out on the proteins isolated from serum. XIC intensities of
the precursor ions correlated with peak intensities of the MS3 chromatography shown in
Figure 5 (data not shown). The minor glycoforms of HPX were not detectable directly in
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serum samples. We have therefore compared the MRM and MRM3 workflows on three
HPX glycoforms detectable directly in serum (Figure 6). The most intense glycoform
(precursor m/z 843) can be detected reliably by both the MRM and MRM3 workflow; the
two less abundant glycoforms, especially the glycoform with precursor m/z 1007, is detected
reliably only by the MRM3 workflow (Figure 6). This indicates that MRM3 analysis of O-
glycopeptides improves sensitivity compared to MRM analysis and should be the preferred
workflow in complex samples like serum.

3.5 Quantification of HPX glycoforms in crude serum and after affinity purification
We have purified HPX by hemin-agarose [18] followed by reverse phase protein
chromatography [19]. This purification protocol is expected to recover all the HPX
glycoforms because neither hemin affinity nor interaction of the protein with C18 stationary
phase depend on the glycosylation status of the protein [28]. The purification yields >90%
pure HPX with up to 50% recovery based on estimated 50 μg of HPX per 100 μl of serum.
The micro-heterogeneity of glycans associated with the five N- and one O-glycosylation
sites creates a complex mixture of forms. Our application of the MRM3 workflow to the
analysis of O-glycopeptides focuses on quantitative comparison of the major HPX O-
glycoforms between samples, either directly in a digest of serum or using enriched HPX.
This is different from the analysis of glycoform distribution which can be only approximated
in this workflow due to different analytical behavior (e.g. ionization) and the absence of
standards. We have analyzed four different serum samples of healthy volunteers and
observed comparable distribution of the glycoforms within 25 % of the average values with
RSD up to 10% for precursor 843.7, 7% for precursor 770.9 and 20% for precursor 1007.7
for isolated samples and 13% for precursor 843.7, 7% for precursor 770.9 and 16% for
precursor 1007.7 for the direct serum measurement (Table 2). Neu5Ac-Hex-GalNAc
represented the major glycoform of HPX with greater than 80% intensity in all samples
measured. We have not observed substantial changes in the distribution of the three major
glycoforms when we compared results on isolated HPX with direct analysis of serum
samples (Table 2). This indicates that the HPX isolation procedure did not substantially
distort the distribution of the glycoforms and that appropriate enrichment procedures will be
useful for the quantification of minor glycoforms not reachable directly in the complex
serum background. The quantitative MRM3 workflow is expected to provide a reliable
option for verification studies of patient samples following initial marker discovery. Values
of the RSD could be further improved by inclusion of isotopically labeled glycopeptide
standards which is highly recommended for implementation to standardized testing in
clinical laboratories.

4. Concluding remarks
We have developed a sensitive analytical method for the quantification of O-glycopeptides
in a matrix as complex as human serum. We have optimized the analytical workflow,
generalized prediction of collision energy, and validated this quantification method on HPX
and SHBG, two serum glycoproteins. Our results, as well as other mass spectrometric
studies of O-glycopeptides, suggest that this quantitative workflow will have quite general
applicability. The MRM3 method is expected be a useful tool for quantitative mass
spectrometric comparison of protein O-glycoforms in biological samples, including clinical
applications. We expect that this workflow will be particularly suitable for verification
studies providing quantitative comparisons of medium size studies of tens to hundreds of
samples. The optimized workflow allowed us to quantify major O-glycoforms of HPX in
serum samples without further enrichment. We have shown that the MRM3 workflow is at
least 5 times more sensitive than the MRM analysis for the quantification of the less
abundant O-glycopeptide glycoforms of HPX. Quantification of the minor glycoforms of
HPX and glycoforms of the less abundant (μg/ml) SHBG were achieved by protein
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enrichment. It is expected that a new generation of mass analyzers will further improve the
sensitivity achieved on the 4000 QTRAP.
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ABBREVIATIONS

CE collision energy

CID collision induced dissociation

DP declustering potential

GalNAc N-acetylgalactosamine

HEX hexose

Hp haptoglobin

HPX hemopexin

IAA iodoacetamide

LIT linear ion trap mass spectrometry analysator

MRM multiple reaction monitoring

MRM3 MS3 multiple reaction monitoring workflow

MS1 precursor ion mass spectrometry

MS2 CID product ion mass spectrometry

MS3 MS2 followed by further fragmentation in the LIT

NeuAc N-acetylneuraminic acid

QqQ triple quadrupole mass spectrometer

QTRAP quadrupoleion trap hybrid mass spectrometer

SHBG sex hormone binding globulin

SRM selected reaction monitoring

UPLC ultra performance liquid chromatography

XIC extracted ion chromatogram
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Figure 1.
Typical MS2 spectra of O-glycopeptides: A. MS2 spectrum of HPX glycopeptide Hex-
GalNAc (m/z 770.8, +4) with dominant de-glycosylated peptide fragment ion (m/z 906.12,
+3) and subdominant y and b peptide fragment ions; B. MS2 spectrum of SHBG
glycopeptide Neu5Ac-Hex-GalNAc (m/z 623.4, +3) with dominant de-glycosylated peptide
fragment ion (m/z 612.3, +2), neuraminic acid oxonium ion (m/z 274.06), subdominant
peptide fragment ion and peptide-attached glycan fragment ions.
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Figure 2.
CID and LIT fragmentation of the Neu5Ac-Hex-GalNAc O-glycopeptide of HPX: A. MS1
spectrum of O-glycopeptide precursor ions of tryptic HPX digest; B. MS2 CID spectrum of
major glycoform NeuAc-Hex-GalNAc (m/z 843.7, +4) with major de-glycosylated peptide
ion (905.8) and peptide fragment ions (716.3 and 802.1); C. MS3 LIT spectrum of the de-
glycosylated fragment (m/z 905.8, +3) with dominant and subdominant specific peptide
fragmentsused for quantification.
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Figure 3.
Optimized MS2 collision energies of HPX O-glycopeptides with linear equation for
prediction of collision energy based on precursor mass.
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Figure 4.
Optimized MS3 LIT collision energies of the HPX O-glycopeptide de-glycosylated by MS2
fragmentation. Intensity of the sum of the de-glycosylated peptide MS3 fragments (716.3,
802.1, 1000.7) was used for quantification.
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Figure 5.
MRM3 chromatogram of all monitored glycoforms of HPX (A) and SHBG (B).
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Figure 6.
Comparison of the sensitivity of MS3 (A1, B1, C1) and MS2 (A2, B2, C2) analysis of the
HPX O-glycopeptide for 3 major glycoforms 1007 (A), 770 (B), 843 (C) directly in serum.
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Table 1

List of glycopeptide of HPX and SHBG used for optimization of the MS3 analytical method including
selected masses of the precursor and fragment ions.

Table of MS2/MS3 transition

O glycoprotein Glycan MS2 Precursor ions/charge state MS3 Precursor ions MS3 fragment ions

HPX GalNAc 973.1/3 905.8 716.3, 802.1, 1000.5

Hex-GalNAc 770.6/4 905.8 716.3, 802.1, 1000.5

Neu5Ac-Hex-GalNAc 843.7/4 905.8 716.3, 802.1, 1000.5

2Neu5Ac-HexNAc-2Hex-GalNAc 1007.7/4 905.8 716.3, 802.1, 1000.5

3Neu5Ac-HexNAc-2Hex-GalNAc 1080.5/4 905.8 716.3, 802.1, 1000.5

Neu5Ac-HexNAc-2Hex-GalNAc 934.9/4 905.8 716.3, 802.1, 1000.5

3Neu5Ac-2HexNAc-3Hex-GalNAc 937.6/5 905.8 716.3, 802.1, 1000.5

SHBG Neu5Ac-Hex-GalNAc 623.6/4 612.3 633.4,784.1,950.6

2Neu5Ac-Hex-GalNAc 696.4/4 612.3 633.4,784.1,950.6
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Table 2

Determination of three O-glycopeptides of HPX in serum samples of four healthy volunteers with and without
HPX protein enrichment.

Average normalized area RSD of normalized area (%)

isolated HPX HPX in serum isolated HPX HPX in serum

Sample 1 (843) 82.71 126.93 1.79 12.45

Sample 2 (843) 73.83 116.76 4.19 12.97

Sample 3 (843) 80.15 109.50 9.87 7.17

Sample 4 (843) 73.23 106.39 2.07 3.95

Sample 1 (770) 20.58 19.06 1.57 1.29

Sample 2 (770) 15.16 24.81 6.91 6.38

Sample 3 (770) 15.94 18.00 0.15 0.63

Sample 4 (770) 16.74 20.88 1.79 7.11

Sample 1 (1007) 6.23 5.09 10.47 15.50

Sample 2 (1007) 5.09 3.62 5.44 1.05

Sample 3 (1007) 4.29 4.15 7.30 10.12

Sample 4 (1007) 4.42 4.28 19.66 12.08
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