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Abstract

It is acknowledged that the bisecting N-acetylglucosamine (GIcNAC) structure, a
GIcNACc linked to the core B-mannose residue via a 1,4 linkage, represents a special
type of N-glycosylated modification and has been reported to be involved in various
biological processes, such as cell adhesion and fetal development. Clark et al. has
found that the majority of N-glycans in human trophoblasts bearing a bisecting
GIcNAc. This type of glycan has been reported to help trophoblasts get resistant to
natural killer (NK) cell-mediated cytotoxicity, and this would provide a possible
explanation for the question how could the mother nourish a fetus within herself
without rglection. Herein, we hypothesized that human amniotic membrane which is
the last barrier for the fetus may also express bisecting type glycans to protect the
fetus. To test this hypothesis, glycomic analysis of human amniotic membrane was
performed, and the bisecting N-glycans with high abundance were detected. In
addition, we re-analyzed our proteomic data with high fractionation and amino acid
seguence coverage from human amniotic membrane, which had been released for the
exploration of human missing proteins. The presence of bisecting GICNAc peptides
was revealed and confirmed. A total of 41 glycoproteins with 43 glycopeptides were
found to possess a bisecting GIcNAc, 25 of which are for the first time to be reported
to have this type of modification. These results provide the profiling of bisecting
GIcNAc modification in human amniotic membrane and benefit to the function
studies of glycoproteins with bisecting GIcNAc¢ modification and the function studies
in immune suppression of human placenta. The mass spectrometry placenta data are

available via ProteomeX change (PXD010630).
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Spectrometry

Introduction

A distinctive structural feature of N-glycans is the presence of severa
N-acetylglucosamine (GIcNACc) antennae that are sequentially synthesized by a group
of Golgi-resident glycosyltransferases, N-acetylglucosaminyltransferases (GICNAc-TS)
[1, 2]. There are three categories of N-glycans: high-mannose, hybrid and complex.
Hybrid and complex N-glycans may carry a bisecting GIcNAc group, which forms a
new subtype of glycan termed bisected glycan [3, 4]. Thistype of glycan was reported
in the 1970s and was detected by a combination of sequential exoglycosidase
digestion, methylation derivatization, acetolysis and Smith degradation from
ovalbumin [5]. GIcNAc was transferred to the 4-position of the B-linked core
mannose (Man) residue in complex or hybrid N-glycans by the
1,4-mannosyl-glycoprotein 4-B-N-acetylglucosaminyltransferase (GICNAc-T 111),
however, this GIcNACc is usually not considered as an antenna initiation point as it
cannot be further extended [1, 3, 6-8].

GIcNAC-T 11 is encoded by the gene mgat3, which was initially discovered from
hen oviducts in 1982 [8]. The existence of a bisecting GICNAcC prevents
a-mannosidase Il from trimming and has been proved to inhibit the activities of
GIcNAC-T II, GIcNAC-T IV and GIcNACc-T V in vitro as well [1, 3, 9]. The addition of
bisecting GICNAc confers unique lectin recognition properties to this subtype of
glycan [7, 10]. The B16 mouse melanoma transfected by mgat3 shows weaker
binding to phytohemagglutinin-L (PHA-L) but stronger binding to Phaseolus vulgaris
erythroagglutinin  (PHA-E). The lectins of PHA-L and PHA-E show specific
recognition to multiple antennary glycans and bisecting GICNAC structures,
respectively [3, 11].

The bisecting GIcNACc is essential for many biological processes, including
tumor development and immune response [10, 12]. For instance, bisecting GICNAc

structures have been reported to possess immune suppression functions. Human K562
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cells are easily killed by natural killer (NK) cells; however, after being transfected
with the gene mgat3, K562 cells become NK cell resistant due to the expression of
bisecting GICNAc [13-15].

In the 1990s Clark et al. proposed the human fetoembryonic defense system
(hu-FEDS) hypothesisto answer the question how the mother nourishes a fetus within
herself for several months without rejection. This question was initialy raised by Sir
Peter Brian Medawar who shared 1960 Nobel Prize in Physiology or Medicine with
Sir Frank Macfarlane Burnet [16, 17]. Since the hypothesis was conceived, it has been
intensively tested. An increasing amount of evidence has been shown to support this
hypothesis [18, 19]. In 2016, Clark et a. has found that the functional glycan structure
(bisecting GIcNAC) that are present on human gametes are also expressed on human
trophoblasts, and more importantly, the maority of N-glycans in human trophoblasts
possesses a bisecting GIcNACc [6, 20]. It isalso reported in 2016 that the occurrence of
N-glycans with a bisecting GIcNAc modification on glycoproteins has many
implications in immune biology [21].

The traditional method that used for bisecting GICNAc detection is based on the
lectin recognition of Phaseolus vulgaris erythroagglutinin (PHA-E); however, the
poor binding specificity hinders the application of this method [22]. With the
development of mass spectrometry (MS) with high resolution plus improved
sensitivity and accuracy, M S-based analysis has provided precise characterization for
glycosylations [6, 23-25].

Various M S-based approaches have been released and proved as efficient tools
for bisecting GICNAc modification studies [6, 20, 22, 23, 26]. These bisecting
GIcNAc determination approaches can be divided into two catogories based on the
detection targets, namely, glycan and glycopeptide. The basic idea of the glycan
method is to determine the presence of 3,4,6-linked Man, which can be achived via
either MS7 anaysis [23] or partidly methylated alditol acetates (PMAA)
derivatization together with gas chromatography-mass spectrometry (GC-MS) [6, 20,
26]. The fundamental idea of the glycopeptide method is to determine the presence of
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the characteristic fragment ion(s) [PeptidetHexNAcsHex] or
[Peptide+FucHexNAcsHex] or both, and this can be achived through MSMS
fragmentation under low energy coallisions, which has been described in a recently
published paper in Analytical Chemistry in 2019 [22].

Amniotic membrane (amnion) is the innermost layer of placenta. It is the last
barrier for the fetus. In addition, amnion membrane has been considered to be a
potential stem cell reservoir with wide applications in periodontics, tissue
regeneration and surgery [27-29]. Knowing more about amniotic membrane is getting
increasingly worthwhile. As amatter of fact, amniotic membrane is an optimal sample
for analysis as the possibility of it being contaminated by blood cells, neurocytes and
lymphocytes are low if the membrane is washed in saline or PBS prior to enzyme
digestion [30]. More importantly, by far the glycomic and glycoproteomic studies on
amnion have not been reported yet. Herein, we hypothesized that human amniotic
membrane may also express hisecting type glycans to protect the fetus. To test the
hypothesis, we employed the MS-based approach to determine the presence of
bisecting GICNAc on amniotic membrane proteins. In addition, the glycosylation sites

of the corresponding glycoproteins were determined.

Results and Discussion

Preparation of human amniotic membrane and determination of protein
concentration

Human amniotic membrane was isolated from a placenta (Figure 1A-C)
accordingly [30]. The proteins were extracted by 8M urea as reported before [31].
SDS-PAGE image was used to check the extraction efficiency and whether plasma

protein contamination existed (Figure 1D).
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Figure 1. The preparation and protein extraction of human amniotic membrane

A. human placenta and umbilical cord; B. chorion and amniotic membrane section; C.
amniotic membrane after washing with PBS; D. SDS-PAGE image for the extracted
proteins from human amniotic membrane

MALDI-TOF M Sanalysis of the N-glycans from human amniotic membrane
The N-linked glycans were released from the amniotic membrane proteins and
permethylated for sensitive MALDI-TOF analysis, which were subjected to glycomic
profiling analysis exactly as described previously [26, 32]. High quality MALDI-TOF
data were obtained for these N-glycans. As shown in Figure 2, 45 N-glycans were
detected; high mannose (e.g. m/z 1579.4 and m/z 1783.4) and complex glycans (e.g.
m/z 2489.4 and m/z 2938.7) are present in the human amniotic membrane. several
common features of mammalian cell N-glycomes [25, 33] were observed, such as
core fucosylated GICNAc (e.g. m/z 2693.7), N-acetylneuraminic acid (NeuAc) capped
antennae (e.g. m/z 2605.6) and (N-acetyllactosamine) LacNAc units (e.g. m/z 3591.2)
which in some cases form tandem repeats to yield oligo-LacNAc antennae. The
amount of the complex glycans accounts for nearly 74% of all detected glycans.
Approximately 80% of the complex-type glycans carry core al—6 linked fucose,
which is consistent with their localization to the plasma membrane. The m/z value of
the most complex N-glycan observed is m/z 4279.9, which contains 19
monosaccharides. Importantly, The peak with m/z 2489.4 was found with the most
abundance, which is speculated as a potential core-fucosylated biantennary bisecting
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maodification. Some minor signals for N-glycans bearing potential Lewis type antenna,

such as m/z 2418.3 and m/z 2837.7, were also perceived.
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Figure 2. Annotated MALDI-TOF MS spectra of permethylated N-glycans from
human amniotic membrane.

The top panel shows the glycans in the mass range from m/z 1500 to 3000 and the
bottom panel shows the glycans in the mass range from m/z 3000 to 4500. All ions are
[M+Na]*. Peaks are labeled with their m/z values, Putative structures are described
basing on the molecular weight and N-glycan biosynthetic pathway. Annotations are
simplified to biantennary structures, with additional N-acetyllactosamine (LacNAC)
units, Fucose (Fuc) and N-acetylglucosamine (GIcNAC) listed outside the bracket, m
GIcNAc, ® Mannose (Man), © Galactose (Gal), a Fuc, ® NeuAc.

M S8 analysis of the N-glycan at m/z 2489.4 by an Or bitrap Fusion™ Lumos™
Tribrid™ mass spectrometer

The query glycans with higher abundance were further fragmentated under M Sn
(n=2-8) analysis mode to get their fine structures. The sequentia collision of target
glycans (m/z 2489.25) with the highest intensity and a potential bisected N-glycan
structure were carried out to distinctively confirm the presence of bisecting GICNAc.

Figure 3 shows the logical order of the MS8 approach that could distinguish the
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presence of bisecting GICNACc structure of the glycans from other glycan structures

which possess the same m/z at 2489.25 in Obitrap lumos MSM S analysis.
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Figure 3. The M S8 approach to confirm the presence of bisected N-glycan.
The fragment ion at m/z 444.18 (theoretica value) in the red frame is the
characteristic ion of the bisecting type glycan. = GIcNAc, ©® Man, © Gal, a Fuc.

Theoretically, the MS7 spectra of glycans at m/z 2489.25 should display the
characteristic ions of bisecting GICNAc glycans a m/z 444.18 and its MS8 spectra
would be occupied by the peak of m/z 268.12 to support the presence of GICNAc
group. In fact, the MS7 scan (Figure 4) for the glycan fragment ions contains a
dominant fragment ion at m/z 444.07, which is about 0.11 Dalton mass difference
from its theoretical m/z value. Due to the low resolution of ion trap analyzer, the
detected ion m/z values have arelatively high mass error , which is different from the
MS1 and MS2 analysis under Fourier transform mass spectrometry (FTMS) analyzer
[34, 35]. As shown in Figure 4, the characteristic fragment ion at m/z 444.07 is
produced by m/z 647.93 (theoretical m/z: 648.28) vialosing aMan BY ion (mannose,
the green circle). In addition to this ion, three more ions were observed: m/z at 421.17
(same as the theoretical m/z value) is the resulting ion from m/z 444.07 losing a
GIcNAc BZ ion, m/z at 403.13 (theoretical m/z :403.16) represents the resulting ion
from m/z 444.07 losing a GIcNAc BY ion and m/z at 267.83 stands for a GICNAc BY
ion (theoretical m/z: 268.12). MS8 analysis was further performed to show that the
ion at m/z 444.07 is a glycan fragment ion indeed, not an noise. All the other MSn
(n=2-6, 8) spectrafor the glycan can be found in Supplementary Figure 1.
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Figure 4. Annotated ESI ITMS MS7 spectrum of monocharged permethylated
N-glycan fragment ion at m/z 647.93 from human amniotic membrane.

Assignments of the possible fragment ions are indicated on the cartoons and on the
spectrum. The number indicated above the peak is the m/z value of the fragment ion
(resulting ion) that has been detected by the mass spectrometer. Data were acquired in
the form of [M+Na]”. The energy under CID and HCD mode firstly breaks glycosidic
bonds to form B ions or Y ions, further fragmentation will produce BY ions or YY
ionsor BB ions, and soon. m GIcNAc, @ Man.

Compared to other MS methods for detecting bisecting GICNAc modification,
our method does not require extra enzymatic treatments
(e.g.p1,4-galactosyltransferase) or extra derivatization procedures (e.g. partialy
methylated alditol acetates derivatization) or lectin recognitions (e.g. phaseolus
vulgaris erythroagglutinin), which makes this method a straightforward approach for
bisecting GIcNAc determination [6, 10, 26, 36]. It could greatly facilitate the

researches on bisected N-glycans.

Glycoproteomic analysisfor human amniotic membrane proteins

Since the presence of bisecting GIcCNAc modification has been confirmed from
the human amniotic membrane proteins, therefore it is necessary to find the origin or
the location of this type of glycan modification in proteins. We have reported an
extensive proteomic analysis to human amniotic membranes, in which the peptides

were fractionated by a three-dimensional separation approach according to their
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hydrophobicity. Thus, the data for 40 peptide fractions with each injection of 2-hour
MS run were collected. The deep analysis resulted in 9941 proteins with 163091
peptides detected from human amniotic membranes, which offered a good library
with higher peptide sequence coverage for the glycopeptide searching. Searching
glycopeptides from the library were mainly based on the combination of Proteome
Discoverer and Xcalibur software to figure out the glycopeptides and manually
checking of oxonium ions, monosaccharide and oligosaccharide neutral loss patterns
in MS2 spectrato get the corresponding glycan structure.

With the confident analysis, 43 glycopeptides belongling to 41 glycoproteins
were found to possess bisected N-glycans, in which the glycosylation sites and linked
glycans were confirmed by manual checking with the presence of either
peptidetHexNAcsHex or peptidetFucHexNAcsHex or both of them as solid
evidences. Supplementary Table 1 summarizes all the glycoproteins with bisecting
N-glycan modification, including their accession numbers, protein names, peptides
modified by bisecting GIcNAc glycans and cellular locations. All of the glycoproteins
were assigned as membrane proteins or extracellular matrix proteins by searching
them in UniProt library, in which 18 and 22 proteins belong to cell membrane and
extracellular matrix proteins, respectively, and only one protein comes from Golgi
apparatus membrane. The result indicated that bisecting GIcNAc modification
preferred to occur in the proteins located at the surface of cells. In addition to tumor
necrosis factor receptor superfamily member 11B [23], laminin subunit alpha-5 [36,
37], decorin [22], lysosome-associated membrane glycoprotein 2 [22], neprilysin [22],
thy-1 membrane glycoprotein [23], nidogen-2 [22], integrin beta-1 [38, 39], cdll
surface glycoprotein MUC18 [23, 36], transferrin receptor protein 1 [39], integrin
aphaV [39], laminin subunit beta-2 [36, 37], tyrosine-protein kinase receptor UFO
[36], immunoglobulin alpha-2 heavy chain [40, 41], carcinoembryonic antigen-related
cell adhesion molecule 1 [36], fibronectin [36], other 25 glycoproteins are for the first
time to be reported as ones possessing bisecting GICNAc with confident MS data

supports.
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Figure 5 displays a typical MS/IMS spectrum annotated as a glycopeptide
KLHINHNNLTESVGPLPK, in which the N8 (asparagine) in NLT is glycosylated by
a bisecting GIcNAc structure. The characteristic fragment ions that usualy mark
glycosylation presence, such as m/z 204.09 and m/z 366.14, are clearly observed in
the spectrum due to their higher intensity. The evidences from its 5 peptide B ions (b3,
b4, b5, b6 and b7) and 8 peptide Y ions (y2, y4, y5, y6, y7, y8, y9 and y10) support
the peptide sequence identification and also the potential glycosylation modification
location. The peaks at m/z 1391.71 (z=2) and m/z 1464.74 (z=2) matching to the
[Pept+tHexNAcsHex] and [Pep+FucHexNAcsHex] ions of the glycopeptide further
prove that the glycosylation modification occurs on the N8 and contains a special
bisecting GICNAc structure, considering the ions specifically yielded by bisecting
GIcNAc glycans. This glycopeptide is from lumican (accession number: P51884), and

severa studies have reported its vital roles on regulating tissue repair and embryonic

development [42-45].
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Figure 5. Annotated ESI MSMS spectrum showmg N- glycosylation on the N
(asparagine) in the peptide KLHINHNNLTESVGPLPK. This Pep (peptide) is from
lumican (P51884). All ions are [P+H]" or [P+2H]?" or [P+2H]**. Double charged ions
are annotated as z=2, triple charged ions are annotated as z=3, others are
monocharged. The number indicated above the peak in the spectrum is the m/z value
of the ion that has been detected by the mass spectrometer. To make the annotation
clearer, ions are labelled in different colors.
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The method that employed here in bisecting GICNAc determination referenced a
paper issued in Analytical Chemistry [22], which was designed to determine bisecting
GIcNACc on glycopeptides by their characteristic ion(s) in fragmented MS/MS spectra
under low energy collision. In this recently published paper, 25 glycoproteins
(possessing bisecting GICNAc) were identified from rat kidney tissue [22], 4 of which
(Q01129 decorin, P17046 lysosome-associated membrane glycoprotein 2, PO7861
neprilysin and B5DFC9 nidogen-2) were found to be protein analogues with those
identified in our human amnion sample, more importantly, one of which, neprilysin,
has the same bisecting GICNAc location (site N285) as the human neprilysin (P08473)
in our amnion sample.

Additionally, the same strategy was adopted to search the glycopeptides with
bisecting GIcNACc structure from the proteomic data collected from human bladder,
kidney and stomach, which had been released in our previous publication [46].
Without surprising, we confirmed that there was no bisecting GICNAc structures in
the corresponding peptides from human bladder and kidney proteins; and in human
stomach there was only one glycopeptide HY TNSSQDV TV PC(Carbamidomethyl)R
from human immunoglobulin apha2 heavy chan (PODOX2), in which
N-glycosylation occurred on the N in NSS, and its glycan is composed of
FucHexNAcsHexs. This result suggests some bisecting GICNAc modifications might
be specifically occurred in the proteins expressed in human amniotic membrane and

essential in embryo devel opment.

Bioinfor matic analyses

To investigate the functional roles of these glycoproteins with bisecting GIcNAc
modification, gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analyses were perfomed. GO analysis results (Supplementary
Figure 2) show that 7 of the glycoproteins (P02786, Q8NES3, P30530, P04216,
P05556, Q07954 and O00300) are likely involved in immune system process.
Pathway analysis results (Supplementary Figure 3) indicated that the pathways that
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the 41 glycoproteins are involved in can be classified into 5 categories: cellular
processes, environmental information processing, human diseases, metabolism and
organismal systems. In human disease category, 2 of the glycoproteins (PODOX2 and
P10321) are probably related to immune diseases, and in organismal system category,
8 of the glycoproteins (075339, P02786, P04216, P05556, P08473, PODOX2, P10321
and Q7Z7G0) may play important roles in immune system. Glycoprotein HLA class |
histocompatibility antigen C alpha chain (P10321) is likely needs further investigation
because it appears in both 2 categories.

Conclusion

The method that employed in the glycomic analysis can determine the presence
of bisecting GICNAc on the proteins from a single tissue sample, and extra
derivatization (e.g. partially methylated alditol acetates derivatization) or process (e.g.
phaseolus vulgaris erythroagglutinin, p1,4-galactosyltransferase) is not required when
using this method, it therefore will facilitate the studies of bisecting GIcNAc
containing glycans greatly.

It should be noted that the two characteristic ions may not present in all MS2
spectra of bisecting glycopeptides, so it could miss some identification via this
method. This method is recently published and now rapidly employed in our work,
which makes this paper as a real-time update. Our glycomic and glycoproteomic
analyses of human amniotic membrane for the first time showed that functional
glycan structure that is present on human gametes and trophoblasts is also expressed
on amniotic membrane, and this provides another evidence for the hu-FEDS

hypothesis.

Materials and methods

Chemical reagents were ordered from Sigma-Aldrich unless otherwise specified.

Trypsin was bought from Promega. Peptide N-glycosidase F (PNGase F) was
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purchased from New England Biolabs. Reagents used for MSn (n=1-8), HPLC
separation and LC-MS/M S were ordered from Thermo Fisher Scientific. The human
placenta was kindly provided by Shenzhen Seventh People's Hospital (Guangdong
Province, China) with a signed informed consent form, which has been approved by

the Ethics Committees in the hospital.

Preparation of human amniotic membrane and determination of protein
concentration

Human amniotic membrane was isolated from a placenta accordingly [30]. The
protein extraction from amniotic membrane was performed as previously reported
[31]. Protein concentration of homogenized amniotic membrane was determined by
Bradford assay and SDS-PAGE was performed to verify the rationality of the protein

concentration. Proteins from the membrane were extracted following our lab protocol.

Processing of human amniotic membrane to acquire N-glycans

The membrane was subjected to a standard protocol [26]. Briefly, the membrane
was suspended in lysis buffer before homogenization and sonication were performed.
The homogenates were reduced and carboxymethylated and then dialyzed against a
50 mM ammonia bicarbonate buffer, pH 7.5, after which the sample was lyophilized,
and then treated with trypsin. The treated sample was purified using a C18 Waters
cartridge prior to the release of N-glycans by PNGase F digestion. Released
N-glycans were permethylated and then purified using a Sep-Pak C18 cartridge
(Waters) prior to MS analysis.

M Sn (n=1-8) Analysisfor glycomics

MS data were obtained by using a Bruker Ultraflextreme MALDI-TOFHTOF
mass spectrometer. Purified permethylated glycans were dissolved in 20 uL methanal,
and 1 uL of the sample was mixed with 1 mL of matrix, 20 mg/mL

2,5-dihydroxybenzoic acid (DHB) in 70% (v/v) aqueous methanol and loaded on to a
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metal target plate. The instrument was run in the reflectron positive ion mode. MSn
(n=2-8) data were acquired using a Thermo Scientific Orbitrap Fusion Lumos Tribrid
mass spectrometer via direct infusion of the sample dissolving in 100 uL of 1 mM
NaOH in 50% methanol (infusion buffer) into the mass spectrometer.
HPL C separ ation for glycoproteomics

The peptides were desalted and then dissolved in the high concentration organic
solutions with shaking for 15 minutes at room temperature and then separated by
centrifuge for 10 minutes at 16,000g. For further HPLC separation details please see
our previously published paper [31].

LC-MSMS

The peptides were passed onto a Thermo Scientific Orbitrap Fusion Lumos
Tribrid Mass Spectrometer for protein identification coupling with a RP C18 column
with a LC gradient (5-25% buffer B for 95minutes, 25-30% for 10minutes, 30-80%
for 5minutes). The M S parameters were set as before with a 30% NCE. Considering
an additionally dimensiona separation of the peptides into supernatant and pellets
based on their hydrophobicity, we modified the LC gradient for the first 4 and last 4
peptide fractions from high pH RP column for more identification. For fraction 1-4,
more shallow gradient a low concentration of ACN were adopted to improve the
hydrophilic peptide identification (5-18% buffer B for 95minutes, 18-35% for
10minutes, 35-80% for Sminutes) and oppositely the gradient (10-26% buffer B for
95minutes, 26-35% for 10minutes, 35-80% for Sminutes) suit for the more
hydrophobic peptide identification were used for the fractions of 17-20 to get more
hydrophobic peptide identification. Each fraction was injected twice for more

confident identification.

Database analysis
The glycomic data were analyzed using Xcalibur and GlycoWorkbench to get
glycan structure. To verify the structure, the MSn (n=2-8) spectra related to bisecting
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GIcNAc containing glycan were manually checked. The proteomic data was searched
by Proteome discoverer against the Swiss-prot human database. The false discovery
rate was less than 1% a both PSM and protein level during searching and
automatically calculated by the software [47, 48]. The glycoproteomic data was
processed by the combination of Proteome Discoverer and Xcalibur to get the
glycosylation site and the corresponding glycan structure. To confirm the
identification, the MSMS spectra of glycans and glycopeptides were manually

checked for oxonium ions, monosaccharide and oligosaccharide neutral [0ss patterns.

Bioinfor matic analysis for the glycoproteins containing bisecting GIcNAc

The Gene Ontology (GO) annotation was performed using NCBI non-redundant (nr)
database and software Blast2GO. Proteins were categorized into molecular function,
cellular component and biological process according to Gene Ontology (GO) terms.
Kyoto Encyclopedia of Genes and Genomes (KEGG, version 89.1) as well as
software Blast2KO were utilized to annotate pathways. The P<0.05 was considered
significant (Kall et al., 2007; Perkins et a., 1999; Tatusov et al., 2000).
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Supplementary Figure 1. A. annotated ESI FTMS MS2 spectrum of permethylated
N-glycan at m/z 2489.25; B. annotated ESI ITMS MS3 spectrum of bicharged
permethylated N-glycan fragment ion at m/z 1024.4; C. annotated ESl ITMS M4
spectrum of bicharged permethylated N-glycan fragment ion a m/z 792.8; D.
annotated ESI ITMS MS5 spectrum of monocharged permethylated N-glycan
fragment ion at m/z 1303.53; E. annotated ESl ITMS MS6 spectrum of monocharged
permethylated N-glycan fragment ion at m/z 852.37; F. annotated ESI ITMS MS8
spectrum of monocharged permethylated N-glycan fragment ion a m/z 444.2 from
human amniotic membrane.

Assignments of the possible fragment ions are indicated on the cartoons and on the
spectrum. lons with different charges are labeled in different colors. The number
indicated above the peak is the m/z value of the fragment ion (resulting ion) that has
been detected by the mass spectrometer. Data were acquired in the form of [M+Na]*
or [M+2Na]*. m GlcNAc, @ Man, © Gal, a Fuc.

26


https://doi.org/10.1101/2020.06.09.141168
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.06.09.141168; this version posted June 9, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

binding -

molecular transducer activity -
catalytic activity 4

molecular function regulator 1
transporter activity -

signal transducer activity-
structural molecule activity -
extracellular region part-
extracellular region-

organelle

membrane part -

membrane

cell part

cell4

macromolecular complex |
organelle part -

synapse part

synapse-

cell junction

supramolecular complex -

other organism part -

other organism -
membrane-enclosed lumen
cellular process

response to stimulus 4

biological regulation+

regulation of biological process
multicellular organismal process
developmental process -
metabolic process 5

signaling 4

cellular component organization or biogenesis
positive regulation of biological process
localization -

negative regulation of biological process
immune system process
locomotion

biological adhesion-
multi-organism process -
reproductive process -
reproduction 4

cell proliferation 4

rhythmic process -

growth -

behavior

5 10 15 20 25
Number of Proteins

Categories . Biological Gellular Mc\eculavl

Process Componsnt Function

Supplementary Figure 2. The distribution of identified bisecting GICNAc containing
glycoproteinsin molecular function, cellular component and biological process.
One protein may be involved in multiple categories
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Supplementary Table 1. Accession numbers, protein names, one glycosylated peptide
sequence of all identified glycoproteins possessing bisecting GIcNAc and cellular
location of each glycoprotein

N-glycosylation site was emphasized using red color, cellular location was obtained

viasearches in UniProt library

Accession | Protein Name Glycosylated Peptide Sequence Cellular
Number Location
Tumor necrosis  factor | HTNC(Carbamidomethyl)SVFGLLLTQK Extracellular
000300 receptor superfamily member matrix
11B
015230 Laminin subunit alpha-5 GVHNASLALSASIGR; Extracellular
DNATLQATLHAAR matrix
075339 Cartilage intermediate layer | LPHDC(Carbamidomethyl)FQNATNSFYYD | Extracellular
protein 1 VGR matrix
PO275L Fibronectin RHEEGHM LNC(Carbamidomethyl) TC(Carb | Extracellular
amidomethyl)FGQGR matrix
02786 Transferrin receptor protein1 | KDFEDLYTPVNGSIVIVR Cell
membrane
PO4216 Thy-1 membrane | HENTSSSPIQYEFSLTR Cell
glycoprotein membrane
P04628 Proto-oncogene Wnt-1 C(Carbamidomethyl)NC(Carbamidomethyl)T | Extracellular
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FHWC(Carbamidomethyl)C(Carbamidometh | matrix
yl)HV SC(Carbamidomethyl)R
POS556 Integrin beta-1 LRNPC(Carbamidomethyl) TSEQNC(Carba | Cell
midomethyl) TSPFSY K membrane
POG213 Insulin receptor C(Carbamidomethyl)VNFSFC(Carbamidome | Cell
thyl)QDLHHK membrane
Integrin alpha-V ISSLQTTEKNDTVAGQGER Cell
P06756 * P Q Q
membrane
LGLSFNSISAVDNGSLANTPHLR; Extracellular
PO7585 Decorin YIQVVYLHNNNISVVGSSDFC(Carbamido | matrix
methyl)PPGHNTK
Neprilysin EIANATAKPEDR Cell
P08473
membrane
PODOX2 Immunoglobulin alpha-2 | HY TNSSQDVTVPC(Carbamidomethyl)R Extracellular
heavy chain matrix
HLA class I | GYYNQ(Deamidated)SEDGSHTLQR; Cell
P10321 histocompatibility antigen, C membrane
alphachain
P1111 Collagen alpha-3(VI) chain Q(GIn->pyro-Glu)LINALQINNTAVGHALV | Extracellular
LPAGR matrix
13473 Lysosome-associated VASVININPNTTHSTGSC(Carbamidomethy | Cell
membrane glycoprotein 2 DR membrane
Carcinoembryonic NQSLPSSER Cell
P13688 antigen-related cell adhesion membrane
molecule 1
Carboxypeptidase M TVAQNY SSVTHLHSIGK Cell
P14384 e Q
membrane
P15328 Folate receptor apha NAC(Carbamidomethyl)C(Carbamidomethyl | Cell
)STNTSQEAHKDVSYLYR membrane
Integrin beta-4 HNIIPIFAVTNY SYSYYEK Cell
P16144
membrane
Mimecan ANDTSYIR Extracellular
P20774 .
matrix
Tyrosine-protein kinase | NGSQAFVHWQEPR Cell
PROS30 y p SQ Q
receptor UFO membrane
Fibrillin-2 C(Carbamidomethyl)NSGFALDMEERNC(C | Extracellular
P35556 arbamidomethyl) TDIDEC(Carbamidomethyl) | matrix
R
Protein Wnt-5a NESTGSLGTQGR Extracellular
P41221 ]
matrix
Endothelin-converting HLLENSTASVSEAER Cell
P42892
enzyme 1 membrane
P43121 Cel surface glycoprotein | C(Carbamidomethyl)GLSQSQGNLSHVDW | Cell
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MUC18 FSVHK membrane
Lumican KLHINHNNLTESVGPLPK Extracellular
P51884 )
matrix
Prolargin NSFNISNLLVLHLSHNR Extracellular
P51888 .
matrix
Laminin subunit beta-2 RANTSALAVPSPVSNSASAR Extracellular
P55268 )
matrix
Fibulin-2 SC(Carbamidomethyl) KDVDEC(Carbamido | Extracellular
P98095 methyl) ALGTHNC(Carbamidomethyl)SEAE | matrix
TC(Carbamidomethyl)HNIQGSFR
Basement membrane-specific | NQELEDNVHISPNGSIITIVGTRPSNHGT Extracellular
P98160 heparan sulfate proteoglycan | YR matrix
core protein
Interleukin-1 receptor-like 1 FIHNENGANY SVTATR Cell
Q01638
membrane
Prolow-density  lipoprotein | MHLNGSNVQVLHR Cell
Q07954 )
receptor-related protein 1 membrane
Nidogen-2 IHONITY QV C(Carbamidomethyl)R Extracellular
Q14112 ( Y .
matrix
Latent-transforming  growth | GNTTTLISEN(Deamidated) GHAADTLTAT | Extracellular
Q14766 factor beta-binding protein 1 NFR matrix
Laminin subunit alpha-3 NASGDELVR Extracellular
Q16787 ]
matrix
Scavenger receptor class A | GLNHSLSYDVALHR Cell
Q6ZMJ2
member 5 membrane
Target of Nesh-SH3 TQLAKNETLALPAESK Extracellular
Q727G0 )
matrix
Beta-1,3-N-acetylglucosamin | HTGNVVITNC(Carbamidomethyl)SAAHSR | Golgi
QB8NES3 | yltransferase lunatic fringe apparatus
membrane
EMILIN-2 DAY VEAVLSVSNASVAQLHTAGYR Extracellular
Q9BXXO0 .
matrix
Protein Wnt-5b NESTGSLGTQGR Extracellular
Q9H1J7 i
matrix
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