
Subscriber access provided by - Access paid by the | UC Davis Libraries

Journal of Proteome Research is published by the American Chemical Society. 1155
Sixteenth Street N.W., Washington, DC 20036
Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course
of their duties.

Article

Site-specific Glycosylation of Secretory
Immunoglobulin A from Human Colostrum
Jincui Huang, Andrés Guerrero, Evan Parker, John S Strum,

Jennifer T. Smilowitz, J. Bruce German, and Carlito B. Lebrilla
J. Proteome Res., Just Accepted Manuscript • DOI: 10.1021/pr500826q • Publication Date (Web): 28 Jan 2015

Downloaded from http://pubs.acs.org on February 6, 2015

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a free service to the research community to expedite the
dissemination of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts
appear in full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been
fully peer reviewed, but should not be considered the official version of record. They are accessible to all
readers and citable by the Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered
to authors. Therefore, the “Just Accepted” Web site may not include all articles that will be published
in the journal. After a manuscript is technically edited and formatted, it will be removed from the “Just
Accepted” Web site and published as an ASAP article. Note that technical editing may introduce minor
changes to the manuscript text and/or graphics which could affect content, and all legal disclaimers
and ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors
or consequences arising from the use of information contained in these “Just Accepted” manuscripts.



 1 

Site-specific Glycosylation of Secretory 

Immunoglobulin A from Human Colostrum 

 

Jincui Huang
1
,Andres Guerrero

1
, Evan Parker

1
, John S. Strum

1
,Jennifer T. Smilowitz

2,3
, J. Bruce 

German
2,3

 and Carlito B. Lebrilla
1,4* 

 

1. Department of Chemistry, University of California, Davis, CA 95616, USA. 

2. Foods for Health Institute, University of California, Davis, CA 95616, USA. 

3. Department of Food Science and Technology, University of California, Davis, CA 95616, USA. 

4. Department of Biochemistry and Molecular Medicine, University of California, Davis, CA 95616, USA. 

 

Keywords: 

Glycoproteomics, Glycan microheterogeneity, Mass spectrometry, sIgA, Site-specific 

glycosylation. 

To whom correspondence should be addressed: 

Carlito B. Lebrilla 

E-mail: cblebrilla@ucdavis.edu.  

Tel: 01-530-752-5054.  

Fax: 01-530-752-8995. 

Page 1 of 43

ACS Paragon Plus Environment

Journal of Proteome Research

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 2 

Abbreviations 

sIgA: secretory immunoglobulin A 

pIgR: polymeric immunoglobulin receptor 

HPLC: high-performance liquid chromatography 

MFE: molecular feature extractor 

Q-TOF: quadrupole time-of-flight 

CID: collision-induced dissociation  

SPE: solid phase extraction 

Hex: hexose 

HexNAc: N-acetylhexosamine 

Neu5Ac: neuraminic acid (sialic acid) 

Fuc: fucose 

GCC: graphitized carbon cartridge 

ACN: acetonitrile 

HR: hinge region 

ECC: Extracted compound chromatogram 
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 3 

ABSTRACT 

Secretory Immunoglobulin A (sIgA) is a major glycoprotein in milk andplays a key role 

inmediating immune protection of the gut mucosa. Although it is a highly glycosylated protein, 

its site-specific glycosylation and associated glycan micro-heterogeneity has still not been fully 

elucidated. In this study, the site-specific glycosylation of sIgA isolated from human colostrum 

(n = 3) was analyzed using a combination of LC/MS and LC/MS/MS and in-house software 

(Glycopeptide Finder). The majority of the glycans found are bi-antennary structures with one or 

more acidic Neu5Ac residue, however alarge fraction belonged totruncated complex structures 

with terminal GlcNAc. Multiple glycosites were identified with nearly 30 glycan compositions 

located at seven sites on the secretory component, sixcompositions at a single site on the J-chain, 

and 16 compositions at fivesites on theIgA heavy (H) chain.Site-specific heterogeneity and 

relative quantitation of each composition and the extent of occupation at each site was 

determined using non-specific proteases.Additionally, 54O-linked glycan compositions located 

at the IgA1 hinge region(HR) were identified by comparison against a theoretical O-glycopeptide 

library.This represents the most comprehensive reportto date detailingthe complexity of glycan 

micro-heterogeneity with relative quantitation of glycoforms for each glycosylation siteonmilk 

sIgA. This strategy further provides a general method for determining site-specific glycosylation 

in large protein complexes.  
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 4 

INTRODUCTION 

Secretory immunoglobulin A (sIgA) is the dominantimmunoglobulin in the gut mucosal 

surfacegiving the mucosa specialized innate and adaptive defense against ingested pathogens and 

their toxins
1-3

.sIgAis a protein complex consisting of two identical IgA monomers, joined 

together by a 16-kDa joint chain (Jchain) with one potential N-glycosylation site, and the 

secretory component (SC) with seven potential N-glycosylation sites
4-6

. The four polypeptide 

chains of sIgAare produced by two distinct cell types
6
.Plasma cells close to the epithelium 

produce dimeric IgA with an attached J chain, while epithelial cells express the polymeric 

immunoglobulin receptor (pIgR) that binds to dimeric IgA. Notably, the SC is derived from the 

pIgR after cleavage of the trans-membrane tail on the surface of epithelial cells
7
. 

Glycosylation is one of the most common but also the most structurally complicated post-

translational modification(PTM) of proteins. Approximately 70% of human proteins are 

predicted to be glycosylated
8, 9

.sIgA is heavily glycosylated with both N- and/or O-linked 

oligosaccharides
10

,which vary according to the isotype and allotype of the immunoglobulin.Its 

oligosaccharidesare attributedsignificant roles in immune protection, cell signaling, cell-cell 

recognition, microbial adhesion and invasion
11-13

.sIgA is one of the major antibodies produced in 

human milk and is essential for the passive immunity of infants against infection
14-16

. Specific 

binding between sialylated glycans of sIgA and pathogens such as S-firmbriated Escherichia 

coliprotectsnewborns from sepsis and meningitis due to infection
17

.The large diversity of N-

glycan structures particularly on the SC providesmany glycan epitopes that are potent decoys for 

lectins on bacterial surfaces thereby inhibiting infection by attachment with epithelial surfaces
18-

20
. sIgA also carries galactose-terminating glycans that protect against toxins including ricin, a 

particularly toxic galactose-specific lectin 
21

. 
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Despite numerous studies establishing theeffective protection provided by sIgA,the glycan 

heterogeneity and glycosite occupancy of this highly glycosylated proteinremains 

incomplete.There have been studies showing the glycosylation of IgA in serum 
22, 23

, however 

milk is unique in that the protein also contains a highly glycosylated secretory component
10

. The 

first comprehensive attempt to characterize the glycosylation of sIgA from a commercial 

samplewas reported by Royle et al.
4
, whereby polypeptide components were separated using gel-

electrophoresis. Glycans were released for the respective gel spots corresponding to different 

polypeptides and characterized by mass spectrometry. The nature of the method yielded no site-

specific information. Furthermore, the glycoforms spread the location of the glycoprotein on the 

gel, so releasing glycans from the largely-spread gel spot may not necessarily represent the 

majority of the glycoforms
24

.Site-specific N-glycan analysis of sIgA was first performed by 

Deshpande et al.using in-gel trypsin digestion of a commercial sample
25

. The results provided 

the characterization of several sites with the associated glycan heterogeneity. However, trypsin 

often produces large peptides, and in this case it could not resolve the glycosylation of 
83

Asn and 

90
Asn on the secretory component. Additionally, missed cleavages are common occurrences 

particularly if the tryptic sites are near sites of glycosylation
26-28

.For these reasons, employing 

only tryptic digestion will often yield incomplete glycan information.  

A more complicated aspect is the O-glycosylation analysis of sIgA. The IgA1 hinge region 

contains up to nine potential O-glycosylation sites clustering in a 19 amino acidpeptide sequence 

29
.A variety of MS analytical approaches have been used to characterize the glycan heterogeneity 

present in this portion of the immunoglobulin with only moderate success
30-33

. Additionally, 

IgA1 O-glycan site localization has been reported combining different protease digestions and 
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 6 

ECD/ETD 
29, 32, 33

. However in these studies sialic acid was removed enzymatically in order to 

simplify the glycopeptide heterogeneity.  

In this paper, we present an extensive and comprehensive glycan analysis of sIgA 

fromcommercial pooled human colostrum and isolated from milk colostrum collected from three 

healthy women. This laboratory hasdeveloped methods for site-specific analysis using 

combinations of specific and non-specific proteolysis
34-40

. The methodincludes an automated 

annotation software (Glycopeptide Finder) to analyze data from a nanoflow liquid 

chromatography coupled with quadrupole time-of-flight analyzer (nanoLC-Q-TOF). This 

analysis yielded both N- and O-glycosylation.Glycopeptide assignmentswere based on a 

combination of accurate mass, retention time analysis and tandem MS yielding glycopeptides 

withscalable lengths but including both non-specific and specific cleavages. 

 

Materials and Methods 

Chemicals and Materials 

SSL7/Agarose and phosphate-buffered saline (PBS), and TRIzolwere purchased from 

Invitrogen (San Diego, CA). Pronase E, cyanogen bromide (CNBr) activated sepharose 4B (S4B) 

beads, and pooled human colostrum IgA were purchased from Sigma-Aldrich (St. Louis, MO). 

PNGase F was purchased from New England Biolab (Ipswich, MA). Sequencing grade modified 

trypsin and proteoMAX solutionwere purchased from Promega (Madison, WI).  Dialysis tubing 

(10MWCO) were purchased from Spectrum Lab (Rancho Dominguez, CA). Ammonium acetate 

and acetic acid were of analytical grade from Merck (Darmstadt, Germany). Graphitized carbon 

cartridges were purchased from Grace Davison Discovery Sciences (Deerfield, IL).  
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 7 

Human Colostrum Samples 

Colostrum sampleswere collected from three healthy donors enrolled in the UC Davis Lactation 

Study who gave birth to term infants (> 38 weeks). Colostrum samples were manually collected 

on day 3-6 postpartum from one breast and transferred into polypropylene Falcon tubes, and 

frozen immediately in their kitchen freezers (-20 ºC) until weekly sample pick up by the study 

staff. Samples were transported to the lab on dry ice and stored in -80 ºC until processing. 

The University of California Davis Institutional Review Board approved all aspects of the study 

and informed consent was obtained from all subjects. This trial was registered on 

clinicaltrials.gov (ID: NCT01817127). 

Secretory Immunoglobulin A Extraction 

sIgA from donor colostrum was extracted using Staphylococcal Superantigen-Like Protein 7 

(SSL 7)/agarose
41

.Briefly, whole human colostrum samples (0.5 mL) were centrifuged at 4000 

xg, for 30 minutes at 4°C. A CaCl2 solution (pH 4.6) was added to the lower layer after the 

removal of top layer fat and lipids to a final concentration of 60 mM. The mixture was incubated 

1 hour at room temperature (~25˚C), and further centrifuged at 6750 xg for 30 minutes. The top 

layer was extracted as whey proteins. Theempty column was packed with 1ml of SSL 7/agorose 

resin and equilibrated with 1X phosphate buffer saline (running buffer). The whey fractions were 

loaded onto the columns and the flow-through was collected and reloaded onto the column three 

times. Upon washing with 10 mL of the running buffer, sIgA bound to SSL 7 was eluted with 5 

mLof 0.1 M glycine (pH 2-3) followed by the pH adjustment of the eluate to pH 7.5 by adding a 

neutralization buffer (1M Tris pH 8). Fractions were collected, dialyzed using a dialysis 

membrane with a molecular weight cut-off of 10,000 against nano-pure water, concentrated and 

stored at -20°C. Protein concentration was determined using the Bradford assay and 5 µl aliquots 
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 8 

were assayed by SDS-PAGE to confirm protein purity.A 5-µL sample was mixed with 5 µL of 

laemli buffer, 1 µL of 550 mM dithiothreitol (DTT) at 60 °C for 1 hour prior to incubating with 2 

µL of 450 mM iodoacetamide (IAA) for 30 min in the dark. The SDS-PAGE was performed at 

140 V for 1 hr, followed by staining with coomasie blue for 1 hr. The gel was then unstained 

with water overnight.  

Trypsin Digestion 

A 100µL aliquot of 50 mM NH4HCO3 buffer was added to 10 µg isolated sIgA as described 

above, followed by reducing with 2 µL of 550 mM DTT for 50 min at 60 °C.  A 4 µL solution of 

450 mM IAA was then added, and carboxymethylation was performed by incubation for 30 min 

at room temperature in the dark. Reduced and carboxymethylated sIgA was digested using 

trypsin 1 µL (1 µg/µL) in 100 µL of 50 mM NH4HCO3 buffer, for 18 hr at 37 °C. The digests 

were purified on a reverse-phase C18 pipette zip-tip (Agilent Technology, Wilmington, DE, 

USA). The C18 zip-tip was preconditioned successively with acetonitrile (ACN) (150 µL, 10 

times) and water (150 µL, 10 times).  The tryptic digest was loaded on to the zip-tip by pipetting 

20 times followed by similar10 washings with nanopure water (150 µL). Tryptic peptides from 

sIgA were eluted with 0.05% formic acid (FA) in 80% ACN in water (v/v) (200 µL, 20 times 

extractions), dried down, and reconstituted in 20 µL nanopure water.Standard proteomic analysis 

of the extracted sIgA was performed to further verify the purity.  

Pronase E Digestion and Glycopeptide Cleanup 

    Pronase E was covalently coupled to CNBr activated sepharose beads via coupling chemistry 

as reported previously 
34, 36, 38

.A 100-µgsample was dissolved in 100 µL of 50 mM NH4HCO3 

bufferfollowed by reduction with 2 µL of 550 mM DTT for 50 min at 60 °C.A 4-µL solution of 

450 mM IAAwas added, and carboxymethylation was performed for 50 min at room temperature 
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 9 

in the dark. Reduced and carboxymethylated samples were added to the pronase beads and 

incubated at 37 ºC for 18 hwith gentle agitation. The glycopeptide digest was desalted and 

enriched via solid phase extraction (SPE) using graphitized carbon cartridges. After 

loadingtheglycopeptide on preconditioned 150-mg bed volume graphitized carbon cartridges 

(Grace Davison Discovery Sciences, Deerfield, IL, USA), the cartridges were washed with 6-mL 

nanopure water. A clean mixture of glycopeptides were eluted with 6 mL of 0.05% 

Trifluoroacetic acid (TFA) in 40% ACN in water (v/v) and 6 mL of 0.05% TFA in 80% ACN in 

water (v/v). Collected fractions weredried down and then reconstituted in 20 µL of nanopure 

water.  A 2-µL volume was used for MS analysis. 

Determination of O-glycosylation by PNGase F followed by Trypsin Digestion 

A 10-µgsample of sIgA dissolved in 50µL NH4HCO3 buffer solution was reduced by DTT (1 µL, 

550 mM) and carboxymethylated by adding IAA (2 µL, 450 mM). The solution was  digested by 

the addition of PNGase F (1 µL)for 16 hours at 37 °C to remove the N-glycans. Trypsin 

digestion was added to the solution, which was incubated at 37 °C for 18 hours for digestion. 

Glycopeptides in the digest were purified via hydrophilic affinity separation according to a 

method described previously 
42

.Briefly, O-glycopeptides were enriched with a 15 µL packed 

volume of sepharose CL4B in 1 mL of an organic solvent of 1-butanol/ethanol/H2O (5:1:1, v/v). 

Followed by shaking for 45 min, the gel was washed twice with the same organic solvent prior to 

incubating with an aqueous solvent of ethanol/H2O (1:1, v/v) for 30 min.The solution phase was 

collected after centrifugation and dried prior to reconstitutionwith 20 µLnanopure water. 

LC/MS analysisof glycopeptides 

    A nano-HPLC-Chip Q-TOF instrument using the Agilent 1200 series microwell-plate 

autosampler (maintained at 6 ºC by the thermostat), capillary pump, nano pump, HPLC-Chip 
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 10

interface, and the Agilent 6520 Q-TOF MS (Agilent Technologies, Inc., Santa Clara, CA) was 

used in this study. The chip is equipped with a 40 nL enrichment column and a 43 x 0.075 mm 

ID analytical column.  Agraphitized carbon stationary phase was used for pronase produced 

glycopeptides, while C18 stationary phase was used for the tryptic peptides. Both mobile phases 

consists of 0.1% formic acid in 3% ACN in water (v/v)and 0.1% formic acid in 90% ACN in 

water(v/v) as solvent A and B, respectively. The gradient was performed on the analytical 

column to separate the pronase glycopeptides with a flow rate at0.4 µL/min. The samples were 

eluted in 45 min with the following gradient: 0% B (0.00-2.50 min); 0 to 16% B (2.50-20.00 

min); 16 to 44% B (20.00-30.00 min); 44 to 100% B (30.00-35.00 min) and 100% B (35.00 -

45.00 min). The tryptic glycopeptides/peptides were eluted in 87min with the following gradient: 

1% to 8% B (0.00-5.00 min); 8% to 26.5% B (5.00 min-48.00 min); 26.5% to 73% B (48.00 

min-75 min); 73% to 99% (75.00 min-77.00 min); 99%B (77.00 min-87.00 min).  

    The Agilent 6520 Q-TOF MS was operated in the positive ion mode for MS and MS/MS 

analysis. The recorded mass ranges were m/z 500-3,000 for MS-only and m/z 50-3,000 for 

MS/MS. Acquisition rates were 0.63spectrum/s for both MS and MS/MS. All mass spectra were 

internally calibrated using the G1969-85000 ESI tuning mix (Agilent Technologies, Inc., Santa 

Clara, CA), with reference masses at m/z922.010, and 1,521.971 in the positive ion mode. The 

parameters used were as follows: drying gas (N2) temperature 325°C, drying gas flow rate 3 

L/min, capillary voltage 1800 V, fragmentor voltage 150 V, skimmer voltage 65 V, and capillary 

cunnrent 0.08 µA, respectively. For MS/MS mode, the collision energies for each compound 

were calculated as follows:   

Vcollision =  1.8V	(
�/	


���

) − 2.4� 

Data Processing 
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 11

The MS/MS data of the tryptic peptides were analyzed using X! Tandem (www.thegpm.org). X! 

Tandem was set up to search the Swissprot human complete proteome database. X! Tandem was 

searched with a fragment ion mass tolerance of 80 ppm and a parent ion tolerance of 100 ppm. 

Iodoacetamide derivative of cysteine was specified in X! Tandem as a fixed modification. 

Deamidation of asparagine and glutamine, oxidation of methionine and tryptophan were 

specified in X! Tandem as variable modifications.  

Data analyses for N-glycopeptides were performed with the MassHunter Qualitative Analysis 

software ver. B.03.01 (Agilent Technologies, Inc., Santa Clara, CA). Deconvolution was 

performed in the software with the grouping peak spacing tolerant of 0.0025 m/z plus 7 ppm and 

isotope mode was set for peptides. The mass list of the glycopeptide precursor ions and the 

associated tandem spectra were analyzed via an in-house software (Glycopeptide Finder)
39

 set to 

a 5% false-discovery rate. All N-glycopeptide assignments were made based on the mass of each 

potential glycopeptide, the amino acid sequence(s) of the protein(s), and a specific tolerance 

level (< 20 ppm). The presence of carbohydrate-specific oxonium fragment ions was used as 

diagnostic ions to sort the product tandem spectra.  

     For the O-glycopeptide identification, thetryptic digest after PNGase F treatment was 

analyzed in both MS and MS/MS mode.A theoretical O-glycopeptide library was created using 

the tryptic peptide from the HR (HYTNPSQDVTVPCPVPSTPPTPSPSTPPTPSPSCCHPR) with 

glycan compositions within a specified range (HexNAc 0-6, Hex 0-6, Sialic Acid 0-12) based on 

previous results
25, 30, 33

 and 0 to 3 carbamidomethyl groups. The resulting library is composed by 

780 theoretical HR O-glycopeptidesranging in mass between 3964.818 Da and 9819.821 

Dabeing the smaller difference between compoundslarger than 1 Da. The library included 

empirical formulae in order to compare isotopic patterns. MS data was analyzed with 
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MassHunter Qualitative Analysis software ver. B.03.01 (Agilent Technologies, Inc., Santa Clara, 

CA). Compound ion signals with different charge states were grouped using the Molecular 

Feature algorithm(MFE) and compared against the O-glycopeptide library with an error 

tolerance of 30 ppm. Only ions with a signal-to-noise ratio above 3 were considered. Isotopic 

distributions were manually checked.  The extracted compound chromatograms (ECCs) for each 

O-glycopeptide were obtained and their corresponding retention times compared.    

 

Results and Discussion 

Glycan-heterogeneity of sIgA from Human Colostrum 

Colostrum sIgA was extracted from three individual donors.Isolation of sIgA was performed 

as outlined in the methods section. The purity of sIgA was assessed by SDS-PAGE with four 

main bands corresponding to the SC, H chain and light chain of IgA, and J chain as shown in 

Figure S1. Standard proteomic analysis was performed on the isolated sIgA to further confirm 

the purity of the protein. The resultsare listed in Table S1 and indicate that the isolated sIgA is 

relatively pure with only very minor protein contaminants.  

The extracted compound chromatograms (ECCs) produced by the molecular feature extractor 

(MFE)demonstrate similar glycopeptide profiles as well as abundances for the three colostrum 

sIgA samples (Figure S2). A list of glycopeptides from the pronase-digested sIgA isolated from 

one representative colostrum sample is shown in Table 1. The ECCs produced by the MFE 

yielded intensities that were used for obtaining relative abundances.  Abundances for all peptides 

and glycoforms representing a specific site were added 
37

. 

The elution order of glycopeptides on PGC follows loosely a set of empirical rules
43, 44

. 

Smaller peptides elute before larger ones with the same glycoforms.  For example, the most 
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 13

abundant complex-type glycan, Hex5HexNAc4Fuc1NeuAc2 attached to the peptide 

HVKHYT
92

NPSQ from IgA2, eluted late at 33.9 min, while the same glycan composition on the 

peptide 
135

NDT from the SC region eluted much earlier at 17.8 min. Meanwhile, increasing the 

number of sialic acid residues increases the elution time. For example, the glycopeptide 

71
NISDPTSPL+Hex5HexNAc4NeuAc1 (21.7 min) with one sialic acid eluted earlier than the 

glycopeptide 
71

NISDPTSPL+Hex5HexNAc4NeuAc2 (25.5 min) with two sialic acids. In general, 

sialylated species elute later than neutral species
43, 44

. 

Figure 1A shows the overlaid ECCs of glycopeptides from isolated sIgA with the major peaks 

annotated. The most abundant peak was determined to 

beHVKHYT
92

NPSQ+Hex5HexNAc4Fuc1NeuAc2 from the conserved site (
92

Asn) of IgA2 (34 

min).  Glycosylation on this site is unusual for the reasons discussed below.More IgA2 

glycopeptides were observed associated with complex sialylated or high mannose type glycans 

(peaks in yellow). Glycopeptides corresponding to SC (peaks in green) were observed mostly 

with complex type glycans varying from biantennary to tetraantennary with a varying number of 

Neu5Ac residues eluting mostly from 16–21 minutes, and 23–29 min. The J chain glycopeptides 

(peaks in pink) were among the less intense peaks and originated from the single site on the J 

chain. All the glycopeptides from the J chain were observed to contain at least one Neu5Ac. The 

glycopeptides eluting between 7 min to 29 min illustrate the large complexity and the dynamic 

range of the glycosylation (Figures 1B and 1C).  

To obtain structural information from the peaks in Figure 1, tandem MS spectra were 

performed (shown in Figure S3). We have previously reported characteristic fragmentation of 

glycopeptides. Glycan fragmentation yielding B-type ions is commonly observed in the collision 

induced dissociation (CID) spectra of glycopeptides
45

.A typical tandem MS spectrum is shown 
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for the glycopeptide E
71

NISDPTSPL+Hex5HexNAc3Fuc1NeuAc1 (Figure 2A). The tandem mass 

spectrum shows fragment products consistent with hybrid-type glycan structures. The fragments 

include a series of Hex losses (162 Da) prior to the loss of core HexNAc (203 Da). Similarly, Y-

type ions corresponding to the initial neutral loss of (Hex+Fucose) arealso associated with hybrid 

structures. Core fucosylation was confirmed via the loss of fucose (146 Da) to yield the Y1 ion of 

(E
71

NISDPTSPL+HexNAc1). Figure 2B is representative of deconvoluted MS/MS spectrum for 

a SC glycopeptide containing a neutral complex type tetraantennary N-glycan 

(VSLEVSQGPGLL
135

NDTK+Hex7HexNAc6). In this study, higher abundances of 

tetraantennary structures were detected from sIgA compared with earlier work 
4
.Figure 2C 

depicts the CID data with the loss of the two Neu5Ac (291 Da) residues to yield the extent of 

sialylation. With sialylation, B-type ions with neutral masses of 273 Da, 291 Da, 656 Da, and 

818 Da were observed corresponding to Neu5Ac–H2O, Neu5Ac, Neu5Ac+Hex+HexNAc, and 

Neu5Ac+Hex2+HexNAc. Due to the labile nature of sialic acids and the fact that they generally 

reside in the terminal positions, losses of Neu5Ac and Neu5Ac+Hex+HexNAc from the 

precursor peaks are common. 

In several of the large glycopeptides, the loss of H2O, specifically from Neu5Ac, was observed. 

For example, after deconvolution, glycopeptides with neutral masses 4554.9 Da and 4572.9 Da, 

differing by 18 Da, wereassigned as LTNFPE
90

NGTFVVNIAQLSQ+Hex6HexNAc6NeuAc2–

H2O and LTNFPE
90

NGTFVVNIAQLSQ+Hex6HexNAc6NeuAc2. Figure S4represents 

deconvoluted MS/MS spectra for these two glycopeptides. Neutral loss of Neu5Ac (291 Da) was 

observed followed by the initial loss of one Hex (Figure S4A). However, Figure S4B reveals a 

loss of 273 Da corresponding to (Neu5Ac – H2O) as the first loss. Y-type ions with the intact 
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peptide, LTNFPE
90

NGTFVVNIAQLSQ associated with the trimannosyl core arepresent in both 

spectra indicating the same peptide were present in the two glycopeptides.  

 

Glycan-heterogeneity of pooled human colostrumsIgA  

The same experimentswere performed on pooled human colostrum sIgA obtained 

commercially.A list of glycopeptides from the pronase-digested sIgA is shown in Table S2. 

Amuch lower diversity of peptides and glycan structures were observed with the commercial 

pooled sIgA as compared to the isolated sIgA from individual donors. The glycopeptide 

HVKHYT
92

NPSQ+Hex5HexNAc4Fuc1NeuAc2 from sIgA H chain remained the most abundant 

species. However, 
186

Asn was not found with glycosylation in the pooled sIgA. In general, sIgA 

extracted from the colostrum from individuals contained greater glycan diversitythan those 

obtained from the commercial sIgA, including more triantennary and tetraantennary glycan 

structures at multiple sites particularly in the SC.   

Figure 3 shows the overlaid ECCs of the glycopeptides from the commercial sIgA sample 

with the major peaks annotated. The majority of the observed glycopeptides contained Neu5Ac 

residue(s)with complex-type bi-antennary N-glycans. Included in this group areseveral truncated 

structures with terminal GlcNAc.Although less abundant, other glycan types were observed, 

including high mannose and hybrid. Over 80% of the glycopeptide abundancesbelonged to 

structures with core fucosylation, which were verified by tandem MS (see below). In general, 

essentially all singly fucosylated glycans were core fucosylated.  Only one glycan was observed 

with two fucose residues.  

Figure S5 and S6show the deconvoluted MS/MS spectra of several N-glycopeptides 

representing different sites on thepooledsIgA. FigureS5Aand S5Bare representative of two 
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deconvoluted MS/MS spectra of the glycopeptides from J chain and SC, respectively. The 

fragment denoted as peptide+HexNAc was observed and highly informative for identifying the 

two glycopeptides. Figure S6A shows the fragmentation of one of the most abundant 

glycopeptide(HVKHYT
92

NPSQ+Hex5HexNAc4Fuc1NeuAc2). This peptide is highly unusual 

because it does not conform to the N-X-S sequon
25

, where X cannot be proline. However, we 

have a number of confirming evidences for the glycosylation of this site.  The tandem MS shows 

the progression of saccharide loss to the peptide+GlcNAc core (1412.65 Da), which gives 

indication as to the mass of the peptide. The GP Finder software does not provide other 

structures corresponding to this mass that were consistent with the tandem MS.  Additionally, 

tandem MS of other glycopeptides representing the same site was also obtained.  For example, 

tandem MS spectra representative for glycopeptide YT
92

NPSQDV+Hex5HexNAc4NeuAc1 and 

glycopeptide YT
92

NPSQDV+ Hex5HexNAc4NeuAc2are shown in Figure S6B and S6C, which 

provides the glycan heterogeneity of this site. The fact that glycan heterogeneity was observed at 

this site with various peptide backbone as shown in Table 1 is a confirmation that this site is 

glycosylated. There are also reports in literature that support glycosylation on this site. In a 

report by Picariello et al., they found tryptic peptides from this site is potentially modified and 

glycosylated
46

.A 1Da mass shift from the peptide after PNGase F release is indicative of a 

putative N-glycan site.  

Assignment of the glycopeptide structures using the software GP Finder was performed with 

95% confidence based on decoy data. Some assignments were complicated by the large number 

of potential sites for sIgA. One complication is when the peptide mass was indistinguishable 

between different glycopeptides from different sites. For example, the glycopeptide with the 

peptide sequence E
90

NGT from the SC and SEA
131/144

N from IgA1/IgA2 have nearly identical 
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masses corresponding to 419.165 Da. Tandem MS could not resolve the peptides because the 

peptides were short and did not yield suitable sequence data. Other problems arose when the 

peptides were even shorter.  For example peptides such as NV and AN were observed as 

products and corresponded to four different glycosylation sites. It is noted that these 

glycopeptide abundances would affect the determination of site occupancy.However, these short 

peptides were minor products with very low abundances (<5%).  

Compared with previous glycan analyses of sIgA
4, 23, 25, 46

, our method revealed a more 

comprehensive glycan micro-heterogeneity from each site. We find glycans with heterogeneity 

for all potential N-sites including seven for the SC, two for IgA1,five for IgA2, and one for the J 

chain. The most comprehensive analysis before this report obtained five sites from the SC, two 

sites for IgA1, two IgA2 and one for the J chain
25

.  A potentially controversial assignment is that 

for 
92

Asn on IgA2, because it goes against the putative sequon. We find this site to be 

glycosylated, consistent with an earlier proposal but not found in a subsequent analysis
25

.  

 

Semi-quantitativeSite-specific Glycosylation 

A summary of detailed and comprehensive glycan site heterogeneity of the sIgA isolated from 

a single human colostrum sample is depicted in Figure 4A-C. The result of the pooled 

commercial sample is shown in Figure 4D-F.  The sIgA glycopeptide profiles were found to be 

similar between the fresh human colostrum samples from three donors. However, these 

sampleswere more highly glycosylated thanthe pooled commercial sample. For example, 

commercial sIgA was not found glycosylated in 
186

N of the SC while fresh colostrum was 

glycosylated. A greater site-heterogeneity was observed with most of the sites in the fresh 
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colostrum sIgA. The result is not unexpected as commercial enrichment, chemical processing, 

and the storage may degradeglycans.  

Quantitative information was obtained based on the abundances of the glycopeptides. Two 

types of quantitative information are provided in the figures. The small circular symbol under the 

glycan structure designates the abundance of that glycan relative to all the glycans at that 

glycosite. The circular symbol under the amino acid represents the occupancy of the site. To 

obtain these values, the MS abundances for all glycoforms associated with a site were added.  

The abundances were then combined for each glycoform and normalized to the total site 

abundance for the relative glycan abundance at each site. The sum for each site represents the 

occupancy while the sum for each glycan represents the relative abundance of the glycoform.  

The occupancy is further normalized to the most occupied site (100%). Quantitation of glycan 

site occupancy remains a difficult task. We propose a semi-quantitative method using ion 

abundances but, for the moment, neglecting issues such as differences in ionization efficiency of 

different peptides and different glycoforms as well as the dispersion of ion abundances across 

different peptides due to the nature of the nonspecific proteases. Nonetheless, a previous study 

by Hua et al. reported the quantitative accuracy and reproducibility of non-specific glycosylation 

analysis and revealed the efficiency of this method 
47

.  In this way, we find that the most 

abundant site is 
92

Asn of the IgA2 in the protein complex. 

Figure 4A illustrates the site heterogeneity of the SC. The most abundant glycans at 
135

Asn 

correspond to the tetra-antennary compositions. The glycans on the SC illustrate general 

diversity of the structures.The majority of structures were tri- and tetraantennary complex-type 

glycans further decorated with Neu5Ac and core fucosylation, in accordance with previous 

reports
4, 25

. A small amount of high mannose (Man5 and Man6) and neutral complex glycan 
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structures were observed. Glycosylation was found to be most abundant at 
90

Asn among the 

sevensites on SC, followed by 
83

Asn and 
135

Asn.  

The characterization of the site heterogeneity on the Jchain is summarized inFigure 4B. 

Krugman et al.
48

previouslyreported that the substitution of the Asn with Ala in J chain prevents 

IgA dimer formation, indicating the significance of glycosylation to the tertiary structure. Also, 

the glycans associated with J chain are essential for binding and trans-locating 

pIgRacrossepithelial cells 
49

.However, the results obtained here show a single site (
71

Asn) with 

less than 20% occupancy corresponding to mainly sialylated complex type glycans. The results 

are consistent with previous work but it calls to question contributionof this glycosite given the 

relatively low occupancy. 

The H chain of IgA is significantly more glycosylated than the J chain and the SC.Figure 4C 

details the abundances of site-specific IgA1 H chain and IgA2 H chain glycans. Because the 

amino acid sequence near sites
144

Asnfor IgA1are identical to those of 
131

Asnfor IgA2, and 

similarly for 
340

Asnof IgA1 and 
327

Asnof IgA2, the glycopeptide assignments could not be more 

precise and were therefore combined for both IgA1 and IgA2. The analysis shows that the 

majority of N-glycans on the H chains are sialylated and/or terminated by galactose (Gal) 

residues, in agreement with previous studies ofserum IgA
22, 50

.The results are therefore consistent 

with the formation of milk sIgA, which originates from Bcells. While 
131/144

Asn and 
327/340

Asn 

sites were observed as being slightly glycosylated, the 
92

Asn from IgA2 was characterized as 

being mostly glycosylatedmainly due to the most abundant glycopeptide 

(HVKHYT
92

NPSQ+Hex5HexNAc4Fuc1NeuAc2). Moreover,bi-antennary complex type glycans 

were observed at 
92

Asn associated with one or two sialic acids. Core fucosylation was detected, 
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as discussed previously from the MS/MS data, mainly due to the observation of the loss of 

fucose to yield an informativeY1 ion. 

Overall, from the colostrum of individual donors,sialylated glycans were found to be the most 

abundant (82%), from which mono-sialylation (35%) and bi-sialylation (47%) were both present. 

Fucosylation (36%) were observed mostly as core fucosylation. 

In thecommercial sIgA, the most abundant glycopeptide was 

HVKHYT
92

NPSQ+Hex5HexNAc4Fuc1NeuAc2 with 
92

Asn being the most occupied site.The 

absence of branched complex type N-glycans, in particular from the SC, was notable possibly 

due to the processing methods of the commercial sample (Figure 4D-4F).  

 

O-glycosylation Analysis 

We have previously determined N- and O-glycosylation simultaneously for other 

glycoproteins,
24, 36, 37, 47

however the same comprehensive analysis described above failed to 

detect O-glycopeptides in the hinge region of IgA. The presence of peptides and N-glycopeptides 

in the IgA hydrolysate complicate the detection of the O-glycopeptides. In order to observe the 

O-glycopeptides,we removed the N-glycans from IgA, digest the protein with trypsin, and 

enriched the O-glycopeptides using hydrophilic affinity methods. 

The enriched O-glycopeptide fraction was analyzed in both MS and MS/MS mode. 

Aglycopeptide library was employed toidentify the glycopeptidesusing accurate mass andthe 

theoretical isotopic distribution. This approach revealed 54 compounds compiled in Table 2. 

Complete cysteine alkylation was observed for allhinge region O-glycopeptides. The identified 

compoundseluted in a narrow interval (between minute 22 and28) in agreement with the elution 

behavior in C18 of a family of glycopeptides sharing the same peptide moiety and multiple 

Page 20 of 43

ACS Paragon Plus Environment

Journal of Proteome Research

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 21

glycan compositions. Tandem-MS of the O-glycopeptides (Figure 5A-5C) revealed 

characteristic oxonium ions and the presence of peptide backbone fragment ion b11 (621.79 m/z 

and 612.79 m/z) corresponding to the sequence HYTNPSQDVTV, whichunambiguously 

identifies the compoundsasHR glycopeptides. Due to the overlap of the glycopeptide peaks and 

their low abundances, tandem-MS spectra were obtained onlyfor the more abundant species. 

However,O-glycopeptide assignments were confirmedbycomparingthe elution order. The elution 

order follows a certain pattern as illustrated in Figure 6 for the O-glycopeptideseries containing 

five N-acetylgalactosamine, three galactose and different number of sialic acid residues.  

In every case, the addition of sialic acid residues increases the retention time of the 

corresponding O-glycopeptides(Figure S7).Similarly, the elution time order can be 

comparedwith the number of hexoses orhexosamines residues. The addition of these 

monosaccharides decreased gradually the retention time (Figure S8). The combined comparison 

of the elution orders confirmed the compound assignments. Isomeric o-glycopeptides were found 

for 5 different compositions when examining the extracted compounds chromatograms (Figure 

S7).The results are  in agreement with those published previously
25

. 

CONCLUSION 

The results demonstrate the detection and characterization of a complicatedlarge glycoprotein 

complexsIgA containing multiple polypeptides and numerous sites of glycosylation. N-

glycosylation analysis of sIgA from human colostrum is performed at the glycopeptide level 

using pronase digestion and subsequent LC-MS and LC-MS/MS analysis. Extensive and 

comprehensive site-specific glycosylation analysis was obtained, whichwill aidour understanding 

of the complex biological roles of sIgA. O-glycosylation was identifiedvia trypsin digestion with 
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54 most likely glycan compositions present on this multiply O-glycosylated peptide.This study 

demonstrates the wealth of quantitative site-occupancy information on protein complexes that 

include with multiple glycosites.  
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Supporting Information 

Table S1. Associated proteins identified in extracted colostrum sIgA 

Table S2. Glycopeptides identified from pooled commercial sIgA 

Figure S1. sIgA (5 µg/lane) and commercial available sIgA (20 µg/lane) was reduced, alkylated, 

and then run on a 10% Tris-HCl gel (from left to right are colostrum, transitional, mature and 

commercial sIgA) 

Figure S2. Overlaid Extracted Compound chromatogram (ECC) in different colors from pronase 

digested sIgA isolated from three individuals.  

Figure S3. MS/MS spectra used for assignment of glycopeptides. Notably, diagnostic ions were 

found in each spectrum corresponding to deconveluted neutral mass of HexNAc (203.08 Da), 

Hex+HexNAc (365.13 Da), and Neu5Ac (291.09) if sialylated.  

Figure S4. (A and B) Deconvoluted MS/MS spectra of two glycopeptides from SC with the 

same assignments. Green Circles, yellow circles, blue squares, red triangles, and purple 

diamonds represent mannose, galactose, GlcNAc, fucose and Neu5Ac, respectively.  

Figure S5. Deconvoluted MS/MS spectra of two N-linked glycopeptides from sIgA. (A) MS/MS 

data for a N-linked peptide from J chain; (B) MS/MS data for a N-linked peptide from SC. Green 

Circles, yellow circles, blue squares, red triangles, and purple diamonds represent mannose, 

galactose, GlcNAc, fucose and Neu5Ac, respectively. 

Figure S6. Deconvoluted MS/MS spectra of three N-linked glycopeptides for 
92

ASN from IgA2. 

(A) MS/MS data for HVKHYT
92

NPSQ+Hex5HexNAc4Fuc1NeuAc2; (B) MS/MS data for 

Page 23 of 43

ACS Paragon Plus Environment

Journal of Proteome Research

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 24

YT
92

NPSQDV+Hex5HexNAc4NeuAc1; (C) MS/MS data for YT
92

NPSQDV+ 

Hex5HexNAc4NeuAc2. Green Circles, yellow circles, blue squares, red triangles, and purple 

diamonds represent mannose, galactose, GlcNAc, fucose and Neu5Ac, respectively. 

Figure S7. Extracted compound chromatograms (ECCs) of HR O-glycopeptides containing 

same number of N-acetylgalactosamine and galactose residues and a variable number of sialic 

acid monosaccharides. Isomeric compounds (*). 

Figure S8: Retention time against number of monosaccharide residues for the different HR O-

glycopeptide series. 

Supporting Information, this material is available free of charge via http://pubs.acs.org. 
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Figure Legends: 

Figure 1. Extracted Compound chromatogram (ECC) and associated structural assignments of 

glycopeptides from pronase digested sIgA isolated from an individual donor. (A) ECC of major 

glycopeptides eluted between 6 and 38 min; (B) ECC of all glycopeptides eluted between 7 and 

21 min; (C) ECC of all glycopeptides eluted between 21 to 29 min. Glycosites corresponding to 

the four polypeptides was denoted in different colors. Green Circles, yellow circles, blue squares, 

red triangles, and purple diamonds represent mannose, galactose, GlcNAc, fucose and Neu5Ac, 

respectively.  

 

Figure 2. Deconvoluted MS/MS spectra of three N-linked glycopeptides from sIgA. (A) MS/MS 

data for a N-linked peptide from J chain; (B) MS/MS data for a neutral N-linked peptide from 

SC; (C) MS/MS data for an acidic N-linked peptide from SC. Green Circles, yellow circles, blue 

squares, red triangles, and purple diamonds represent mannose, galactose, GlcNAc, fucose and 

Neu5Ac, respectively.  

 

Figure 3. Extracted compound chromatogram (ECC) of glycopeptides from pronase digested 

commercial pooled human colostrum IgA with corresponding structural assignments.  Different 

colors represent various sites.Green Circles, yellow circles, blue squares, red triangles, and 

purple diamonds represent mannose, galactose, GlcNAc, fucose and Neu5Ac, respectively.  

 

Figure 4. (A-C) Glycosite occupancy and heterogeneity in pronase digested sIgA isolated from 

an individual donor, SC, J chain, and IgA1/IgA2, respectively. (D-F) Glycosite occupancy and 

heterogeneity in pooled commercial sIgA, SC, J chain, and IgA1/IgA2, respectively. Circle 

shading under each site is representative of site occupancy ratio to the most occupied site in 
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92
Asn from IgA2. Circle shading under each glycan is representative of the relative glycan 

abundance at each site. 

 

Figure 5.MS spectra of three tryptic O-glycopeptides from sIgA and the corresponding isotopic 

patterns and tandem spectra. (A) O-glycopeptide with glycan composition 

HexNAc5Hex4Neu5Ac3; (B) O-glycopeptide with glycan composition HexNAc5Hex4Neu5Ac2; 

(C) O-glycopeptide with glycan composition HexNAc5Hex4. Red boxes are representative of the 

predicted isotopic pattern. 

 

Figure 6: Extracted compound chromatograms (ECCs) of four sIgA HR O-glycopeptides 

containing same number of N-acetylgalactosamine and galactose residues and 0-3 sialic acid 

monosaccharides. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Figure6. 

 

 

 

 

 

 

 

 

Table 1. List of N-glycopeptides from isolated sIgA from collected milk sample 

RT 

M/Z 

Mass PPM  

Protein Sequence Site Hex HexNAc Fuc Neu5Ac Intensity    

(min) (Da) error 

33.869 1187.807 3560.4003 5 IGA2 HVKHYTNPSQ 92 5 4 1 2 68197072 

13.293 832.324 2493.9477 8 IGA2 YTNPS 92 5 4 0 1 464028 

26.164 878.6541 2632.9404 20 IGA2 YTNPSQDV 92 5 3 0 1 775421 

26.196 946.348 2836.0191 20 IGA2 YTNPSQDV 92 5 4 0 1 2130024 

29.815 1043.384 3127.1324 13 IGA2 YTNPSQDV 92 5 4 0 2 3291937 

23.32 977.0724 2928.1911 9 IGJ ENISDPTSPL 71 5 3 1 1 1381861 

26.32 1141.784 3422.3268 3 IGJ ENISDPTSPL 71 5 4 1 2 1661523 

21.692 953.0611 2856.1589 5 IGJ NISDPTSPL 71 5 4 0 1 860383 

22.502 1001.749 3002.2246 7 IGJ NISDPTSPL 71 5 4 1 1 329314 

25.502 1050.09 3147.2477 2 IGJ NISDPTSPL 71 5 4 0 2 1405679 

17.758 900.6658 2698.9762 6 SC NDT 135 5 4 1 2 777521 

24.384 1147.841 3440.5043 0 SC VSLEVSQGPGLLNDTK 135 6 4 0 0 1123577 

24.136 1215.534 3643.5889 0 SC VSLEVSQGPGLLNDTK 135 6 5 0 0 4305616 

20.277 952.4099 3805.6105 7 SC VSLEVSQGPGLLNDTK 135 7 5 0 0 253514 

23.925 952.4168 3805.6334 1 SC VSLEVSQGPGLLNDTK 135 7 5 0 0 6387259 

23.798 962.6741 3846.6648 0 SC VSLEVSQGPGLLNDTK 135 6 6 0 0 4180562 

19.877 1003.179 4008.685 8 SC VSLEVSQGPGLLNDTK 135 7 6 0 0 174310 

23.585 1003.189 4008.7254 1 SC VSLEVSQGPGLLNDTK 135 7 6 0 0 7677994 

20.071 847.3634 3385.4165 7 SC NYTGRIRLD 186 6 5 0 1 1881945 

19.575 898.1307 3588.496 6 SC NYTGRIRLD 186 6 6 0 1 1677348 
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16.882 850.3206 2547.9384 6 SC NPN/PGNG 186/421 5 4 0 2 1504821 

18.096 815.9875 2444.9406 3 SC VPGN(PGNV) 469 5 4 1 1 508112 

20.296 913.0201 2736.0374 3 SC VPGN(PGNV) 469 5 4 1 2 1157752 

24.476 1020.688 4078.721 13 SC LTNFPENGTFVVNIAQLSQ 90 6 5 0 0 6116531 

26.152 1052.947 4207.7536 15 SC LTNFPENGTFVVNIAQLSQ 90 5 5 0 1 3595040 

24.225 1071.457 4281.7958 14 SC LTNFPENGTFVVNIAQLSQ 90 6 6 0 0 6857053 

26.003 1093.458 4369.8037 15 SC LTNFPENGTFVVNIAQLSQ 90 6 5 0 1 8980128 

25.819 1103.718 4410.835 14 SC LTNFPENGTFVVNIAQLSQ 90 5 6 0 1 4215505 

24.654 1139.731 4554.8928 10 SC LTNFPENGTFVVNIAQLSQ 90 6 6 0 1 3272015 

25.691 1144.232 4572.8955 12 SC LTNFPENGTFVVNIAQLSQ 90 6 6 0 1 9554195 

26.363 1161.731 4642.8965 13 SC LTNFPENGTFVVNIAQLSQ 90 6 5 0 2 4439261 

25.359 1184.75 4734.9699 7 SC LTNFPENGTFVVNIAQLSQ 90 7 6 0 1 3199461 

26.062 1212.498 4845.959 16 SC LTNFPENGTFVVNIAQLSQ 90 6 6 0 2 1359938 

24.086 1212.501 4845.9763 12 SC LTNFPENGTFVVNIAQLSQ 90 6 6 0 2 597825 

27.84 1217.005 4863.9906 11 SC LTNFPENGTFVVNIAQLSQ 90 6 6 0 2 6714054 

25.776 984.6771 3934.6744 9 SC EGYVSSKYAGRANLT 83 5 6 0 1 4837727 

25.585 1025.191 4096.7328 10 SC EGYVSSKYAGRANLT 83 6 6 0 1 9760395 

22.825 1025.194 4096.7449 13 SC EGYVSSKYAGRANLT 83 6 6 0 1 990066 

25.424 1035.447 4137.7591 10 SC EGYVSSKYAGRANLT 83 5 7 0 1 5184296 

22.162 1075.941 4299.7436 5 SC EGYVSSKYAGRANLT 83 6 7 0 1 924140 

25.21 1075.962 4299.8158 11 SC EGYVSSKYAGRANLT 83 6 7 0 1 12223087 

28.002 1097.964 4387.8253 9 SC EGYVSSKYAGRANLT 83 6 6 0 2 6682655 

24.758 1097.964 4387.8259 9 SC EGYVSSKYAGRANLT 83 6 6 0 2 1611696 

27.447 1148.735 4590.9081 9 SC EGYVSSKYAGRANLT 83 6 7 0 2 8800010 

9.058 710.7651 1419.5156 1 SC//IGA1//IGA2 AN 83//144//131/205 5 2 0 0 266033 

8.906 617.9116 1850.7109 3 SC//IGA1//IGA2 AN 83//144//131/205 3 5 1 0 548567 

9.366 671.9295 2012.7634 3 SC//IGA1//IGA2 AN 83//144//131/205 4 5 1 0 361962 

9.703 720.275 2157.8008 3 SC//IGA1//IGA2 AN 83//144//131/205 4 5 0 1 598056 

10.14 774.292 2319.8541 3 SC//IGA1//IGA2 AN 83//144//131/205 5 5 0 1 343641 

15.706 822.9688 2465.8852 8 SC//IGA1//IGA2 AN 83//144//131/205 5 5 1 1 199925 

12.099 822.9805 2465.9174 5 SC//IGA1//IGA2 AN 83//144//131/205 5 5 1 1 261020 

9.281 961.37 1920.725 2 SC//IGA1/IGA2 ENGT//SEAN 90//144/131 3 5 0 0 493651 

10.416 656.2664 1965.7749 20/14//4 SC//IGA1/IGA2 ENG/WN//NVS 90/499//340/327 3 5 1 0 556088 

10.699 710.2852 2127.8318 20/15//5 SC//IGA1/IGA2 ENG/WN//NVS 90/499//340/327 4 5 1 0 1079828 

13.368 807.3168 2418.9288 20/15//5 SC//IGA1/IGA2 ENG/WN//NVS 90/499//340/327 4 5 1 1 640041 

13.258 861.3339 2580.9775 17/11//3 SC//IGA1/IGA2 ENG/WN//NVS 90/499//340/327 5 5 1 1 715784 

16.21 958.3694 2872.0847 19/14//7 SC//IGA1/IGA2 ENG/WN//NVS 90/499//340/327 5 5 1 2 610683 

11.434 724.7811 1447.5476 1 IGA1//IGA2//SC NV 340//47/327//469 5 2 0 0 254065 

9.941 805.8059 1609.5973 0 IGA1//IGA2//SC NV 340//47/327//469 6 2 0 0 153825 

10.484 681.271 2040.7925 2 IGA1//IGA2//SC NV 340//47/327//469 4 5 1 0 582738 
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8.54 917.8562 1833.6979 5//14//14 IGA1//IGA2//SC//IGJ EAN//NVT//NIS 144//47/131//469//71 3 5 0 0 325261 

19.811 921.6835 2762.0284 22//4 IGA1/IGA2//SC LLGSEAN//EEPGNGT 131/144//421 5 4 1 1 586605 

19.407 970.3717 2908.0924 19//6 IGA1/IGA2//SC LLGSEAN//EEPGNGT 131/144//421 5 4 2 1 306195 

22.092 1018.719 3053.1319 17//6 IGA1/IGA2//SC LLGSEAN//EEPGNGT 131/144//421 5 4 1 2 1448849 

 

Table 2. List of sIgA HR O-glycopeptides 

RT (min) Base Peak (Da) Z Error (ppm) Formula Hex HexNAc Neu5Ac Relative intensity (%) 

22.35 1441.7946 5 -3.5 C294 H459 N59 O143 S3 6 6 3 0.07 

22.12 1383.5586 5 -15.9 C283 H442 N58 O135 S3 6 6 2 0.07 

21.93 1325.1411 5 -15.4 C272 H425 N57 O127 S3 6 6 1 0.04 

23.12 1467.5875 5 -14.1 C299 H466 N60 O146 S3 6 5 4 0.15 

22.55 1409.3685 5 -14.6 C288 H449 N59 O138 S3 6 5 3 0.45 

22.28 1351.1494 5 -15.3 C277 H432 N58 O130 S3 6 5 2 0.57 

22.04 1292.9313 5 -15.2 C266 H415 N57 O122 S3 6 5 1 0.32 

21.76 1234.7120 5 -16.1 C255 H398 N56 O114 S3 6 5 0 0.08 

23.40 1435.1755 5 -15.4 C293 H456 N60 O141 S3 6 4 4 0.38 

22.83 1376.9572 5 -15.5 C282 H439 N59 O133 S3 6 4 3 1.64 

22.49 1318.7403 5 -14.6 C271 H422 N58 O125 S3 6 4 2 1.35 

22.25 1260.1283 5 -9.6 C260 H405 N57 O117 S3 6 4 1 0.31 

21.95 1502.3845 4 -10.2 C249 H388 N56 O109 S3 6 4 0 0.14 

23.59 1344.5323 5 -26.5 C276 H429 N59 O128 S3 6 3 3 0.94 

23.20 1286.3315 5 -13.5 C265 H412 N58 O120 S3 6 3 2 1.15 

22.81 1227.9189 5 -8.9 C254 H395 N57 O112 S3 6 3 1 0.70 

22.43 1169.7008 5 -8.5 C243 H378 N56 O104 S3 6 3 0 0.34 

24.71 1485.1758 5 -24.0 C302 H470 N60 O149 S3 5 5 5 0.59 

23.72 1427.1532 5 -27.4 C291 H453 N59 O141 S3 5 5 4 1.87 

23.19 1368.7517 5 -15.7 C280 H436 N58 O133 S3 5 5 3 2.39 

22.78 1310.5358 5 -14.0 C269 H419 N57 O125 S3 5 5 2 2.21 

22.39 1252.3178 5 -13.8 C258 H402 N56 O117 S3 5 5 1 1.56 

22.10 1193.9069 5 -7.6 C247 H385 N55 O109 S3 5 5 0 0.57 

24.56 1452.7646 5 -24.9 C296 H460 N60 O144 S3 5 4 5 0.10 

24.18 1394.5549 5 -19.2 C285 H443 N59 O136 S3 5 4 4 6.72 

23.69 1336.3333 5 -21.9 C274 H426 N58 O128 S3 5 4 3 9.20 

23.13 1278.1190 5 -19.2 C263 H409 N57 O120 S3 5 4 2 7.93 

22.65 1219.7091 5 -12.6 C252 H392 N56 O112 S3 5 4 1 5.30 

22.29 1161.4932 5 -10.5 C241 H375 N55 O104 S3 5 4 0 1.85 

24.41 1303.9263 5 -19.8 C268 H416 N58 O123 S3 5 3 3 3.78 

23.93 1245.5141 5 -15.2 C257 H399 N57 O115 S3 5 3 2 4.08 

23.27 1187.3040 5 -8.4 C246 H382 N56 O107 S3 5 3 1 2.48 

22.76 1129.0857 5 -8.1 C235 H365 N55 O99 S3 5 3 0 0.68 

24.79 1213.1057 5 -13.8 C251 H389 N57 O110 S3 5 2 2 0.33 

Page 41 of 43

ACS Paragon Plus Environment

Journal of Proteome Research

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 42

24.10 1154.8932 5 -8.8 C240 H372 N56 O102 S3 5 2 1 0.37 

25.42 1412.1573 5 -19.6 C288 H447 N59 O139 S3 4 4 5 0.27 

25.14 1353.9268 5 -28.9 C277 H430 N58 O131 S3 4 4 4 6.64 

24.74 1295.7254 5 -16.5 C266 H413 N57 O123 S3 4 4 3 6.67 

24.14 1237.5065 5 -17.1 C255 H396 N56 O115 S3 4 4 2 5.48 

23.46 1179.0949 5 -11.6 C244 H379 N55 O107 S3 4 4 1 3.20 

22.87 1120.8728 5 -15.0 C233 H362 N54 O99 S3 4 4 0 0.96 

25.65 1321.5394 5 -12.0 C271 H420 N58 O126 S3 4 3 4 0.31 

25.54 1263.3206 5 -12.4 C260 H403 N57 O118 S3 4 3 3 4.12 

25.13 1204.8921 5 -20.7 C249 H386 N56 O110 S3 4 3 2 3.67 

24.34 1146.6773 5 -18.1 C238 H369 N55 O102 S3 4 3 1 1.63 

23.56 1088.4603 5 -17.2 C227 H352 N54 O94 S3 4 3 0 0.50 

26.05 977.2487 6 -8.2 C243 H376 N56 O105 S3 4 2 2 0.16 

24.69 928.7259 6 -16.0 C232 H359 N55 O97 S3 4 2 1 0.06 

25.75 1222.5168 5 -2.9 C252 H390 N56 O113 S3 3 3 3 2.60 

25.16 1164.2785 5 -19.5 C241 H373 N55 O105 S3 3 3 2 1.62 

24.18 1106.2704 5 -10.7 C230 H356 N54 O97 S3 3 3 1 0.24 

26.16 1131.8795 5 -9.9 C235 H363 N55 O100 S3 3 2 2 1.09 

28.19 1199.5245 4 -8.6 C202 H310 N52 O77 S3 1 1 1 0.06 

28.80 1035.4722 4 -5.6 C177 H270 N50 O59 S3 0 0 0 0.02 
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