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Abstract Ovomucin is a bioactive egg white glycoprotein
responsible for the gel properties of fresh egg white and is
believed to be involved in egg white thinning, a natural
process that occurs during storage. Ovomucin is composed
of two subunits: a carbohydrate-rich β-ovomucin with
molecular weight of 400–610 KDa and a carbohydrate-
poor α-ovomucin with molecular mass of 254 KDa. In
addition to limited information on O-linked glycans of
ovomucin, there is no study on either the N-glycan
structures or the N-glycosylation sites. The purpose of the
present study was to characterize the N-glycosylation of
ovomucin from fresh eggs using nano LC ESI-MS, MS/MS
and MALDI MS. Our results showed the presence of N-
linked glycans on both glycoproteins. We found 18
potential N-glycosylation sites in α-ovomucin. 15 sites
were glycosylated, one site was found in both glycosylated
and non-glycosylated forms and two potential glycosylation
sites were found unoccupied. The N-glycans of α-
ovomucin found on the glycosylation sites are complex-
type structures with bisecting N-acetylglucosamine.
MALDI MS of the N-glycans released from α-ovomucin
by PNGase F revealed that the most abundant glycan
structure is a bisected type of composition GlcNAc6Man3.
Two N-glycosylated sites were found in β-ovomucin.
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Abbreviations
GalNAc N-acetylgalactosamine
GlcNAc N-acetylglucosamine
PTS domain mucin domain
MALDI matrix-assisted laser desorption/ionization
TOF time of flight
MS mass spectrometry
LC liquid chromatography
ESI electro-spray ionization
VWF von-Willebrand factor
PNGase F peptide N-glycosidase
Hex hexose
HexNAc N-acetylhexosamine
CK cystine knot

Introduction

Egg white is a gelatinous fluid surrounding the yolk in
avian eggs. The hen egg white proteins, constituting
approximately 11% of albumen’s weight, provide the
developing embryo with nutrients and protect it from
physical damage and bacterial infection [1, 2]. Ovomucin,
a glycoprotein that is responsible for the gel properties of
the egg white [3], comprises approximately 3.5% of the egg
white proteins [4]. Its high viscosity provides mechanical
protection from penetration of pathogens into egg yolk [1].
Ovomucin also possesses anti-bacterial, anti-viral and anti-
tumor activities [4–6]. It is composed of two components: a
carbohydrate-rich β-ovomucin with approximately 60%
carbohydrates and a carbohydrate-poor α-ovomucin with
approximately 15% carbohydrates that form a linear high
molecular weight polymeric structure via disulfide bonds
[7, 8]. From rheological [8], structural [9] and genetic [10]
aspects, ovomucin is similar to other gel forming mucins
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[11]. Mucins are high molecular weight glycoproteins
responsible for the viscoelastic and gel-like properties of
the mucus that covers epithelial cells thus protecting them
from dehydration and microbial infection [12]. Character-
ized by a high amount of O-linked glycans linked via
GalNAc to serine or threonine residues, mucin genes
belong to the MUC gene family [13]. In addition to a
central O-glycosylated domain (referred also as PTS
domain), which contributes to the ability of mucins to
interact with various microorganisms and their properties,
non-PTS domains such as von-Willebrand-factor (VWF)
domains, C-terminal domain and cysteine rich domains are
present. These domains are conserved in mucins, contain
N-linked carbohydrates and are important for their dimer-
ization and polymerization [11, 14, 15].

Gel forming mucins in the chicken are coded from a
locus that is similar to a corresponding locus of human
mucins of MUC2, MUC5AC, MUC5AB and MUC6
located on chromosome 11 [10, 13]. β-ovomucin is an
orthologue of human MUC6; while α-ovomucin, a protein
similar to MUC2 with a missing PTS domain, is coded by
an additional gene that is inserted between MUC2 and
MUC5AC [10]. Similar to non-PTS domains in other
mucins, α-ovomucin contains von-Willerbrand factors D,
C and cystine knot domains [9]. The reason for an
additional mucin-type protein with only the non-PTS N-
glycosylated domains in the egg white is unknown;
however, it is possible that these domains along with the
N-linked carbohydrates have a particular role in the egg
white, such as hatching [9].

Several O-linked carbohydrates released from ovomu-
cin by reductive β-elimination were characterized previ-
ously. These partially sulfated short oligosaccharides
composed of 3–5 units of N-acetylgalactosamine, galac-
tose, N-acetylglucosamine, and sialic acid [16–19], might
contribute to the gelling properties of ovomucin in a
similar manner to other mucins [8, 20], and to its ability to
interact with various microorganisms. In contrast, infor-
mation about N-linked glycans of ovomucin is not
available. N-glycans are covalently linked to asparagines
on the protein that are located within a consensus
sequence of Asn-Xaa-Ser/Thr, where Xaa can be any
amino acid with the exception of proline. They share a
common pentasaccharide core and can be classified as
high-mannose-type, complex-type, and hybrid-type [21].
Many egg white proteins are N-glycosylated. Ovalbumin,
the major egg white protein [2] has high mannose and
hybrid type N-glycans [22–24]. Another major egg white
protein is ovomucoid, an inhibitor of proteolytic enzymes
[2]. It possesses complex type N-glycans composed of the
pentasaccharide core and a bisecting GlcNAc, some of
which have pentaantennary structure and galactose in a
terminal position [25, 26].

α-ovomucin contains 24 potential N-glycosylation sites in
its amino acid sequence [9]. The 827 amino acid fragment of
β-ovomucin submitted to EMBL/GenBank/DDBJ databases
by Watanabe et al. (http://www.uniprot.org/uniprot/Q6L608)
contains 9 potential N-glycosylation sites; however, neither
the N-glycan structures nor the N-glycosylation sites of
ovomucin were investigated. In the present study, we utilized
mass spectrometric techniques (LC-ESI MS, MS/MS and
MALDI-TOF MS) to determine the major N-glycan struc-
tures, site occupancy and site-specific N-glycosylation of
ovomucin.

Materials and methods

Materials

Fresh eggs from White Leghorn laid within 24 h were
obtained from the Poultry Research Centre of the Univer-
sity of Alberta (Edmonton, Canada). Sodium chloride was
purchased from Acros Organics (Morris Plains, NJ, USA).
Laemmli sample buffer, 20% SDS solution, molecular
weight protein marker for SDS-PAGE and iodoacetamide
were purchased from BIO-RAD (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Hydrochloric acid and sodium
hydroxide were bought from Fisher Scientific Inc. (Fisher
Scientific, Ottawa, ON, Canada). Proteomics grade PNGase
F from Elizabethkingia meningosepticum, ammonium bi-
carbonate, 2-mercaptoethanol, dithiothreitol and dimethyl
sulfoxide were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Sequencing grade modified trypsin was
purchased from Promega (Madison, WI, USA). Acetonitrile
(HPLC grade) was from ACROS (Fair Lawn, NJ, USA).
Water used for the experiments was obtained from the
Milli-Qwater supply system (Millipore Corporation, Billerica,
MA, USA).

SDS-PAGE

Egg white from fresh egg was manually separated from the
yolk at the day of collection (within 24 h of laying), vortexed
and diluted to give an aqueous solution of 20% v/v egg white
with 5% SDS and 1% β-mercaptoethanol. This solution was
incubated overnight at 25°C, diluted in a ratio of 1:1 with
Laemmli sample buffer containing 5% β-mercaptoethanol
and loaded on 4-20% Mini-PROTEAN TGX precast gel
(Bio-Rad Laboratories, Inc.). Loading volumewas 20μl and a
molecular weight standard (Bio-Rad) was loaded to a separate
well. SDS-PAGE was performed [27] in a Mini-PROTEAN
tetra cell with a PowerPac Basic electrophoresis apparatus
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) at constant
voltage of 200 V. The gel was stained with Commassie
Brilliant Blue and scanned in Alpha Innotech gel scanner
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(Alpha Innotech Corp., San Leandro, CA, USA) with
FluorChem SP software.

In-gel PNGase F digestion

PNGase F digestion was performed according to Sigma-
Aldrich technical bulletin for PNGase F with slight
modifications. To briefly describe, excised gel bands of
ovomucin subunits were transferred into low-retention
microcentrifuge tubes (Fisher Scientific, Ottawa, ON,
Canada) and destained by double incubation with 200 μl
of 200 mM ammonium bicarbonate with 40% acetonitrile
for 30 min. After drying in a Speed Vac (Savant Automatic
Environmental SpeedVac, AES2000, Savant Instruments,
Inc., Farmingdale, NY), 15 μl of prepared PNGase F
solution (prepared by adding 100 μl of water to a vial
containing 50 units of enzyme) was added, centrifuged
briefly and incubated overnight at 37°C. After overnight
incubation, released carbohydrates were extracted with
200 μl of water four times, collected and lyophilized.
Deglycosylated gel pieces were dried in a SpeedVac and
subjected to digestion with trypsin.

In-gel trypsin digestion

Excised gel pieces containing the protein of interest with
and without PNGase F treatments (destaining was carried
out as for the PNGase F treated sample), were digested
following a modified protocol [28] based on the method of
Shevchenko et al. [29]. Briefly, the proteins in the gel
pieces were reduced with 10 mM DTT, alkylated with
50 mM iodoacetamide, washed with 100 mM ammonium
bicarbonate and acetonitrile, and dried in a SpeedVac. Dried
gel bands were subjected to overnight proteolytic digestion
at 37°C with trypsin. Digestion was performed with 0.8 μg
enzyme (solution of 20 ng/μl in 50 mM ammonium
bicarbonate). After incubation, peptides were extracted into
new microcentrifuge tubes with 30 μl of 100 mM ammo-
nium bicarbonate followed by extraction with 30 μl
solution containing 5% formic acid and 50% acetonitrile
in water twice and dried to ~15 μl in a SpeedVac.

Nano LC-ESI MS and MS/MS analysis

The tryptic digest was analyzed by a hybrid quadrupole
orthogonal acceleration time-of-flight mass spectrometer,
QToF Premier (Waters, Milford, MA), online connected
to Waters nanoACQUITY ultra high performance liquid
chromatography (UPLC) system. 5 μl of the tryptic
digest containing (glyco-) peptides was loaded onto a
nanoAcquity UPLC system with peptide trap (180 μm×
20 mm, Symmetry® C18 nanoAcquity™ column,
Waters, Milford, MA) and a nano analytical column

(75 μm×100 mm, Atlantis™ dC18 nanoAcquity™
column, Waters, Milford, MA). Desalting of the trapped
sample was achieved by flushing the trap column with a
solution of 1% acetonitrile and 0.1% formic acid in water
(Solvent A) at a flow rate of 10 μl/min for 3 min. Peptides
were separated with a gradient of 1-65% solvent B
(acetonitrile, 0.1% formic acid) over 35 min at a flow
rate of 300 nL/min. The column was connected to a QToF
premier (Waters Corporation) for ESI-MS and MS/MS
analysis of the effluent.

Permethylation of N-glycans and MALDI-TOF MS
and MS/MS

Permethylation of released N-glycans was performed
according to Dell et al. [30] using the sodium hydroxide/
dimethyl sulfoxide slurry method. Lyophilized permethy-
lated glycans were dissolved in 20 μl of methanol. 0.8 μl of
sample solution was spotted to an 800 μm Bruker's
anchorChip™ MALDI target (Bruker Daltonics, Billerica,
MA, USA). 0.8 μl of matrix solution was then spotted on
top of the sample and left to dry. 2, 5-dihydroxybenzoic
acid (DHB) was used as the matrix compound. Matrix
solution was prepared in 50% acetonitrile at a final
concentration of 3.5 mg/ml. MALDI MS and MS/MS were
performed on an ultraflexXtremeTM MALDI-TOF/TOF
(Bruker Daltonics, Billerica, MA, USA) mass spectrometer
in positive MS or lift mode.

Bioinformatic methods

Database search was performed by Mascot search engine
(Matrix Science). The mass spectra were submitted to Mascot
search engine as a pkl file. The parameters used for database
search were as follows: type of search defined was MS/MS
Ion Search, Carbamidomethylation (C) was defined as a fixed
modification, while Deamidation (NQ) (for PNGase F treated
samples) and Oxidation (M) were defined as variable
modifications. Sequence alignment was performed by Clus-
talW in Uniprot database accessible from http://www.uniprot.
org, motifs search was performed by ScanProsite [31, 32],
accessed from http://ca.expasy.org/prosite.

Results

Ovomucin subunits separation and identification
by SDS-PAGE

Reduced fresh egg white was subjected to SDS-PAGE
analysis. Three bands potentially containing ovomucin at
approximately 350–400, 250 and 150 kDa were labeled as
1, 2 and 3 respectively, as shown in Fig. 1. These bands
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were excised and treated consecutively with PNGase F and
trypsin. The peptides obtained were analyzed by nano LC-
ESI MS and MS/MS. The mass spectra were submitted for
database search using Mascot search engine, as explained

in Materials and methods section. α-ovomucin was
detected in bands 1 and 2, while β-ovomucin was detected
in band 1 only. No ovomucin was detected in band 3, where
the primary protein was characterized as ovostatin.

Identification of N-glycosylation sites of α-ovomucin

In order to characterize the potential N-glycosylation sites,
PNGase F treated and trypsinized samples were analyzed. The
enzyme PNGase F removes N-linked carbohydrates from
proteins while deamidating the originally glycosylated aspara-
gine into aspartic acid [33] that results in an increase in
molecular mass by 0.9840 Da. This increase in mass was
exploited to identify glycosylation sites of α and β-ovomucin.

Tryptic peptides obtained from digestion of deglyco-
sylated ovomucins were subjected to nano LC-ESI MS
and MS/MS. The data was analyzed by Mascot database
search engine to identify tryptic peptides containing
deglycosylated asparagines, supplemented by manual
analysis of the data. By using this approach, 18 of the
potential glycosylation sites of α-ovomucin (see Table 1
for details) and two sites on β-ovomucin (Table 2) were
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1 –β-ovomucin + α-ovomucin

2 -α-ovomucin

3 -ovostatin

Fig. 1 SDS-PAGE separation of ovomucin subunits. Molecular
weight markers (in kDa) appear on the left, analyzed bands containing
ovomucin, labeled 1, 2 and 3, on the right

Table 1 Glycosylation sites in α-ovomucin, obtained from LC-MS/MS data of tryptic (glyco)peptides by MASCOT database and manual
spectrum analysis

Site Peptide position Massa m/z Obs Sequence Glycosylation

N69 54-78 3019.3c 1007.13+ FTFPGTC*TYVFASHC*NDSYQDFNIK -

N381 368-385 2069.8 1035.92+ VYSSGGTYSTPC*QNC*TC*K +

N528 510-529 2374.2 594.54+ VQMKPVMQLSITVDHSYQNR +
792.43+

N599 589-618 3396.6 850.24+ FAQHWC*ALLSNTSSTFAAC*HSVVDPSVYIK +

N673 657-677 2506.1c 1253.52+ QGIC*DPSEEC*PETMVYNYSVK -

N680 678-684 987.4 494.72+ YC*NQSC*R +

N772 763-787 2767.1 1384.62+ DC*PAPMYYFNC*SSAGPGAIGSEC*QK +
923.43+

N855 853-862 1322.5 662.32+ QWNC*TDNPC*K +

N1036 1028-1047 2316.0 1159.02+ ITSTC*SNINMTDLC*ADQPFK +

N1219 1215-1230 1844.9 923.42+ TYPLNETIYSQTEGTK +

N1371 1370-1392 2746.2 1374.12+ FNESWDFGNC*QIATCLGEENNIK +(b)

N1452 1451-1467 2009.0 1005.42+ ENC*TYVLVELIQPSSEK +

N1567 1565-1580 1924.8 963.42+ YYNNTMGLC*GTC*TNQK +

N1639 1636-1645 1340.7c 671.42+ IIWNLTEC*HR −/+
1341.6 671.82+

N1792 1775-1802 3576.5 895.14+ EAWEHDC*QYC*TC*DEETLNISC*FPRPC*AK +

N1807 1803-1810 917.5 916.51+(b) SPPINC*TK + (b)

N1841 1837-1842 749.4 749.41+ TC*IINK +

N1964 1960-1984 2815.2 1408.12+(b) APYDNC*TQYTC*TESGGQFSLTSTVK + (b)

a Calculated mass (deamidated Asn) with modified Cys.
b Peptides detected manually (not detected by Mascot database search) in PNGase F untreated sample
c Calculated mass (Asn not deamidated) with modified Cys.

* Carbamidomethylated cysteines
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characterized. Two sites on α-ovomucin were not glyco-
sylated (N69, N673), one site – N1639 existed in both
glycosylated and not glycosylated forms, while all other
identified sites on α-ovomucin and β-ovomucin were
glycosylated. A representative MS and MS/MS data of
one of the glycosylation sites containing a deamidated
asparagine, Asn772, is presented in Fig. 2; data of a not-
glycosylated site, Asn637, is represented in Fig. 3.

Determination of site specific N-glycan structures
by LC-MS/MS

Glycosylation site occupancy and glycan heterogeneity on a
particular site were determined from glycopeptide analysis.
Tryptic glycopeptides obtained from in-gel digested α-
ovomucin without PNGase F treatment were subjected to
nano LC-ESI MS and MS/MS analysis. Glycopeptides

Table 2 Glycosylation sites of β-ovomucin, obtained from LC-MS/MS data of tryptic peptides by MASCOT database

Site Peptide position Mass(a) m/z Obs Sequence Glycosylation

N238 238-249 1477.6 739.82+ NC*TC*STLSEYSR +

N945 944-952 1182.6 592.33+ YNMTLIWNK +

a Calculated mass (deamidated Asn) with modified Cys.

* Carbamidomethylated cysteines

Fig. 2 LC-MS and MS/MS ion chromatogram of a peptide
763DC*PAPMYYFNC*SSAGPGAIGSEC*QK787 with deglycosy-
lated asparagine - N772. a Ion chromatogram of a sample untreated
with PNGase F. The peptide was not detected in this sample, due to
glycosylation. b Sample treated with PNGase F. The peptide eluted at
29.5 min. c MS extracted from PNGase F treated sample. The doubly

(m/z 1384.52+) and the triply (m/z 923.43+) charged forms of the
peptide were detected. d MS/MS of the doubly charged ion (m/z
1384.52+) shows b and y ions as labeled. The mass difference between
y16 and y15, which corresponds to Asn, is 115 Da instead of 114 Da
as a result of deglycosylation with PNGase F. Cysteines marked with
an asterisk are carbamidomethylated
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were detected by searching for diagnostic glycan ions such
as HexNAc (m/z 204) and Hex-HexNAc (m/z 366)
resulting from fragmentation [33]. Representative MS/MS
data of glycopeptides is presented in Fig. 4.

MS/MS data of a doubly charged glycopeptide ion at m/
z 1227.5 is presented in Fig. 4a. In the MS/MS data, the
peak at m/z 748.4 corresponds to a peptide predicted by
ExPAsy proteomics server (www.expasy.org), TC*IINK,
which contains the potential N-glycosylation site, Asn1841.
The peaks at m/z 951.5 and 1154.6 correspond to the
peptide with one and two N-acetylglucosamines, respec-
tively. The peak at m/z 1316.6 corresponds to GlcNAc2Man
attached to the peptide. The peak at m/z 1519.7 has the
same structure as the previous peak with additional
HexNAc that indicates the presence of a bisecting
GlcNAc. The peak at 1843.8 corresponds to the
pentasaccharide core of GlcNAc2Man3 with a bisecting
GlcNAc. From the mass of the glycopeptide (2453.0 Da)
calculated based on the detected doubly charged ion at m/z
1227.5 and the peptide mass (747.4 Da), we determined
that the glycan part has a mass of 1705.5 Da and is
composed of GlcNAc2Man3+HexNAc4.

Figure 4b and c show MS/MS of two triply charged
glycopeptides of m/z 1016.4 and 1084.5 with similar MS/

MS spectra. The glycopeptides have a common peptide at m/
z 671.4 (doubly charged ion of IIWNLTEC*HR). MS/MS of
the 1016.4 ion shows that the glycopetide has the same
glycan structure (GlcNAc2Man3+HexNAc4) as the glyco-
peptides in Fig. 4a, while the ion at 1084.5 has one more
HexNAc.

Following the same strategy, five different glycosylation
sites carrying different glycans were identified (Table 3).
Although sulfated glycans were reported previously for O-
glycans of ovomucin [16, 17, 19], there was no evidence of
sulfation in N-glycans of α-ovomucin.

Determination of N-Glycan profile of α-ovomucin
by MALDI-TOF MS

Glycans were released from α-ovomucin (band 2 in Fig. 1)
by treatment with PNGase F, permethylated and analyzed
by MALDI-TOF MS and MS/MS. MALDI-TOF MS
spectrum of permethylated glycans is presented in Fig. 5.
The peaks at m/z 1906.5, 2151.6, 2396.7, 2600.7 and
2641.8 correspond to the complex type N-glycans obtained
from LC-ESI MS and MS/MS analysis of glycopeptides
presented in Table 3. MALDI-TOF MS results revealed two
major glycan structures at m/z of 1906.5 and 2151.6 that

Fig. 3 LC-MS and MS/MS ion chromatogram of a peptide
657QGIC*DPSEEC*PETMVYNYSVK677, which does not contain a
glycans on its potential glycosylation site – N673. Ion chromatogram
of a untreated and b treated samples with PNGase F. The peptide
eluted around 27 min in both samples, which implies that the peptide
is not glycosyalted. c MS extracted from PNGase F treated sample:

The doubly (m/z 1253.52+) and the triply (m/z 836.03+) charged forms
of the peptide were detected. d MS/MS of the doubly charged ion (m/z
1253.52+) shows b and y ions as labeled. The mass difference between
y4 and y5, which corresponds to Asn, is 114 Da which is not
deamidated by PNGase F. Cysteines marked with an asterisk are
carbamidomethylated
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are composed of a pentasaccharide core+HexNAc3 and the
core+HexNAc4, respectively. The peaks at m/z 2109.6 and
2355.7 had the same composition as the peaks at m/z of
1906.5 and 2151.6, respectively, with an additional hexose
on each. The glycan structures (see Fig. 5) for these and
other peaks are based on our findings that ovomucin had a
bisecting GlcNAc from LC-ESI MS/MS results, known N-
glycan structures of other egg white proteins [23–26, 34]
and carbohydrate composition of α-ovomucin that
contained mainly N-acetylglucosamine (3.1-8.5%), man-
nose (2.9-4.6%), small amount of galactose (1.1-4.3%) and
sialic acid (0.3-1.3%) [7, 35–37]. A glycan with composi-

tion of Core+Hex HexNAc6 with m/z of 1511.6 on site
N1841 (Table 3) was not detected by MALDI-TOF/MS,
possibly due to its low abundance, which resulted in a weak
signal.

Motifs search in α-ovomucin sequence and alignment
of its N-glycosylation sites with human MUC2

α-ovomucin sequence was searched by ScanProsite against
its database to identify motifs. ScanProsite identified four
VWF D domains, two VWF C domains and a cystine knot.
VWF D domains contained 6 glycosylation sites, one

Fig. 4 LC-MS/MS ion chromatogram of representative glycopeptides
a LC-MS/MS of a doubly charged ion at m/z 1227.5 corresponding to
a peptide TC*IINK and a glycan GlcNAc2Man3+HexNAc4. b LC-
MS/MS of a triply charged glycopeptides ion at m/z 1016.4
corresponding to a peptide IIWNLTEC*HR carrying a glycan

GlcNAc2Man3+HexNAc4. c MS/MS of a triply charged glycopeptides
ion at m/z 1084.5 corresponding to a peptide IIWNLTEC*HR
carrying a glycan GlcNAc2Man3+HexNAc5. Cysteines marked with
an asterisk are carbamidomethylated
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glycosylation site was found in VWF C2 domain and no
glycosylation sites were found in the cystine knot, as
illustrated in Fig. 6. To determine N-glycosylation sites
conservation, alignment of α-ovomucin sequence with the
sequence of human MUC2 was performed by ClustalW.
Four glycosylation sites were conserved among the two
proteins: N1371, N1452, N1567 and N1964 as presented in
Fig. 6.

Discussion

Ovomucin, a glycoprotein responsible for the gel
properties of fresh egg white, is composed of two
components: β-ovomucin, with molecular weight of
400–610 kDa [35, 38, 39] and α-ovomucin - a polypep-
tide of 2087 amino acids with an estimated molecular
mass of 254 kDa [9, 37]. Two components of α-ovomucin -

Table 3 Tryptic glycopeptides from α-ovomucin and site specific N-glycosylation

Site Peptide m/z obs Peptide
mass

Glycan
mass

Perm.
mass (a)

Glycan structure

N1639 IIWNLTEC*HR 1016.43+ 1341.7 1705.5 2151.6 Core+HexNAc4
1084.53+ 1341.7 1908.6 2396.7 Core+HexNAc5

N1219 TYPLNETIYSQTEGTK 1183.83+ 1844.9 1705.5 2151.6 Core+HexNAc4
N1841 TC*IINK 1227.52+ 748.4 1705.5 2151.6 Core+HexNAc4

1328.52+ 748.4 1908.6 2396.7 Core+HexNAc5
1430.62+ 748.4 2111.8 2641.8 Core+HexNAc6
1409.62+ 748.4 2070.7 2600.7 Core+Hex HexNAc5
1511.62+ 748.4 2273.8 - Core+Hex HexNAc6

N1807 SPPINC*TK 1210.02+ 916.5 1502.4 1906.5 Core+HexNAc3
1311.02+ 916.5 1705.5 2151.6 Core+HexNAc4
1412.62+ 916.5 1908.6 2396.7 Core+HexNAc5
1010.03+ 916.5 2111.8 2641.8 Core+HexNAc6

N599 FAQHWC*AL-LSNTSSTFAAC*HSVVDPS-VYIK 1276.34+ 3396.6 1705.5 2151.6 Core+HexNAc4
1225.54+ 3396.6 1502.4 1906.5 Core+HexNAc3

* Carbamidomethylated cysteines
a Perm. Mass refers to mass of permethylated glycans as [M+Na]+ molecular ions detected by MALDI-TOF MS (see Fig. 5).
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Fig. 5 MALDI-TOF ion chromatogram of permethylated glycans released by in-gel digestion with PNGase F from SDS-PAGE band 2 that
contained α-ovomucin. Possible glycan structures are presented
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α1 and α2-ovomucins with estimated molecular weights
of 150 and 220 kDa respectively were reported [35] and
another α-ovomucin component with molecular weight of
350 kDa was reported as well [39]. Our results confirmed
the presence of β-ovomucin in the 350–400 kDa gel
region, in agreement with previous reports [35, 38]. α-
ovomucin was present in gel bands that corresponded to
molecular weights of ~350 kDa and 250 kDa; however, it
was not detected in 150 kDa region where the major
protein was ovostatin. The absence of α1-ovomucin in the
160 kDa fraction obtained by gel filtration was reported
previously [39]. However, LC-MS/MS analysis of egg
white revealed α-ovomucin on SDS-PAGE gel in the
area of 100–250 kDa [40]. In the present experiment,
fresh eggs were analyzed and no further ovomucin
purification was performed to minimize the impact of
sample preparation on the structure of ovomucin. Depo-
lymerization of ovomucin complex through reduction of
disulfide bonds was suggested as a cause for egg white
thinning, occurring during storage [4]. Degradation of α-
ovomucin could possibly occur during egg storage or
ovomucin preparation, leading to α-ovomucin migration
to lower molecular weight regions on SDS-PAGE.
Therefore, previous observations of a smaller α-
ovomucin in ovomucin extracts might be due to degrada-
tion of α-ovomucin occurred during egg sample storage or
ovomucin preparation.

N-glycans play important roles in folding, oligomer-
ization, sorting and transport of proteins [41]. In order to
understand how glycosylation influences the biological
function of a protein, it is indispensable not only to
elucidate the composition and structures of the glycans
but also to identify the sites on the protein that are
glycosylated. Protein glycosylation depends on various
factors such as its 3D structure, location of the potential
site, its accessibility by glycosylating enzymes and
glycosylation of other sites on the protein, leading to 10-
30% of the potential sites to be not occupied [42]. We
determined glycosylation status of 18 glycosylation sites,
out of the potential 24 [9] for the first time. 15 sites were

occupied by glycans, two sites (N69 and N673) were not
glycosylated and one site (N1639) existed in both glyco-
sylated and non-glycosylated forms. Only 2 of the
potential N-glycosylation sites in β-ovomucin were
identified, possibly due to a high amount of densely O-
glycosylated regions, as characteristic to mucus glyco-
proteins [10, 43] that prevented cleavage. Therefore, other
approaches should be applied for further investigation of
β-ovomucin.

Glycopeptide analysis of 5 glycosylation sites revealed
glycan heterogeneity with up to five glycans on each site
(see Table 3), except for N1219 on which only one glycan
type was determined, possibly due to the large mass of the
glycopeptides that prevented it from being detected. This is
not surprising, as glycoforms are very common due to the
fact that glycosylation results from a series of not always
complete enzymatic reactions [44].

Identified glycans from α-ovomucin glycopeptides
had a pentasaccaride core of GlcNAc2Man3, which is
characteristic to N-linked glycans, and a bisecting
GlcNAc. Bisected type N-glycans are common in other
egg white proteins such as ovotransferrin, ovomucoid and
chicken riboflavin binding protein [24–26, 34]. As
glycosylation is species and tissue specific [42], we
assumed that N-glycans from α-ovomucin may have
similar structures to the above egg white proteins. Taking
that into account, we proposed possible glycans struc-
tures for the peaks obtained by MALDI-TOF MS (Fig. 5)
and determined that the most abundant glycan is
composed of GlcNAc2Man3 core, a bisecting GlcNAc
and another 3 GlcNAc antennae located on the mannoses
of the core. The fact that this glycan was present on all
glycopeptides identified by LC-MS/MS supports this
observation.

N-glycans from α-ovomucin were released by PNGase
F from SDS-PAGE band corresponding to a molecular
weight of 250 kDa. However, this band contained
ovalbumin as a contaminant, although with a much
lower score than that of α-ovomucin, as can be seen in
Table 4. Therefore, it is likely that our N-glycan profile

VWF 
D

VWF 
D

VWF 
D

VWF D
VWF 

C
VWF 

C
CK

37-242 399-610 864-1069 1430 -1646 1775-1802 1870-1937 2010-2104

(-)
N69

(+)
N528

(+)
N599

(+)
N1036

(+)
N1452

(+)
N1567

(+/-)
N1639

(+)
N1792

(+)
N1807

(+)
N1964

(+)
N1371(+)

N381

(+)
N680

(+)
N855

(+)
N1841

(+)
N1219

(+)
N772

(-)
N673

Fig. 6 Location of N-glycosylation sites on α-ovomucin. Domains
were assigned by ScanProsite. Glycosylation status as was determined
in Results section (Table 1) is presented as well as conserved

glycosylation sites are surrounded by a square (aligned with human
MUC2 by ClustalW)
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contained small amounts of glycans from ovalbumin. We
identified several relatively weak peaks at m/z 1579.4,
2069.6, 2313.7 and 2517.7 that can possibly correspond to
abundant glycans from ovalbumin [22–24]. In addition to
the glycan structures that were detected by both LC-MS/
MS and MALDI-TOF MS (m/z 1906.5, 2151.6, 2396.7,
2600.7 and 2641.7), three additional peaks at m/z 1865.5,
2109.6 and 2355.7 were detected. While the latter two
could result from galactose addition to the abundant
glycans (m/z 1906.5 and 2151.6, respectively) it is
unknown whether the peak at m/z of 1865.5 is a glycan
from ovomucin or other source.

α-ovomucin was found to possess sequence similarity of
33% with the N-terminal D-domain, 27% with the C-
terminal D4 domain, 34% with C1 domain and 29% with
the cystine knot of human pre-pro-VWF domains [9]. It
was shown that specific N-glycosylation sites on VWF in
D1, D’, B1 and CK domains influence its synthesis and
secretion [45]. We used ScanProsite in order to assign
specific N-glycosylation sites into domains. Seven sites
were found within four VWF D domains and one site
within VWF C2 domain as shown in Fig. 6. When aligned
with human MUC2 (results not shown), four conserved
glycosylation sites (N1371, N1452, N1567, N1964) were found,
one site more than in previously reported alignment [9].
This conservation might suggest that these specific sites
play an important role in the properties of α-ovomucin,
possibly in the same way as specific N-linked glycans are
involved in dimerization of rat MUC2 [15]. However,
studies of tyrosinase related protein family show that N-
glycosylation site conservation does not guarantee con-
served roles in glycoprotein family among different species
[46]. Therefore, the roles of these conserved glycosylation
sites in α-ovomucin, the exact structures of its N-glycans
along with the role of α-ovomucin in the egg white and the
factors contributing to its degradation should be further
investigated.
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