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Immunopeptides are cell surface-located protein fragments that aid our immune system to recognise and respond to pathogenic insult
and malignant transformation. In this two-part communication, we firstly summarise and reflect on our recent discovery documenting
that MHC-II-bound immunopeptides from immortalised cell lines prevalently carry N-glycans that differ from the cellular glycoproteome
(Goodson, Front Immunol , 2023). These findings are important as immunopeptide glycosylation remains poorly understood in
immunosurveillance. The study also opened up new technical and biological questions that we address in the second part of this
communication. Our study highlighted that the performance of the search engines used to detect glycosylated immunopeptides from
LC–MS/MS data remains untested and, importantly, that little biochemical in vivo evidence is available to document the nature of
glycopeptide antigens in tumour tissues. To this end, we compared the N-glycosylated MHC-II-bound immunopeptides that were
reported from tumour tissues of 14 meningioma patients in the MSFragger-HLA-Glyco database (Bedran, Nat Commun, 2023) to those
we identified with the commercial Byonic software. Encouragingly, the search engines produced similar outputs supporting that N-
glycosylated MHC-II-bound immunopeptides are prevalent in meningioma tumour tissues. Consistent also with in vitro findings, the
tissue-derived MHC-II-bound immunopeptides were found to predominantly carry hyper-processed (paucimannosidic- and chitobiose
core-type) and hypo-processed (oligomannosidic-type) N-glycans that varied in prevalence and distribution between patients. Taken
together, evidence is emerging suggesting that α-mannosidic glycoepitopes abundantly decorate MHC-II-bound immunopeptides
presented in both immortalised cells and tumour tissues warranting further research into their functional roles in immunosurveillance.
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Introduction

Immunosurveillance mechanisms are governed by immunopep-
tides (or peptide antigens), fragments of exogeneous and
endogenous proteins, presented on the cell surface by major
histocompatibility complex (MHC), also known as human
leukocyte antigen (HLA), class I (MHC-I, or HLA-I) and
class II (MHC-II, or HLA-II) molecules. The MHC molecules
form a highly diverse family of proteins known to present
peptide antigens derived from the cellular proteome in an
HLA allotype-dependent manner. The diverse population
of immunopeptides, the immunopeptidome, is constantly
scanned and, if danger is impending, perturbations in
the immunopeptidome are recognised by T-cell receptor
molecules that then signal a T-cell-mediated immune response
(Pagliuca et al. 2022; Santambrogio and Franco 2022; Pinho
et al. 2023).

Given their critical role in immunosurveillance, immunopep-
tides have been studied for decades, with mass spectrometry
(MS) being the current gold-standard for deep immunopep-
tidome profiling (Illing et al. 2022). Sensitive immunopep-
tidomics methods now enable confident identification of
thousands of unmodified immunopeptides from complex

biological samples within a single experiment (Purcell et al.
2019). However, modified immunopeptides, such as those
carrying glycosylation, remain less well studied. Building on
early observations of functionally relevant immunopeptide-
conjugated glycans (Chicz et al. 1993; Housseau et al. 2001;
Backlund et al. 2002) and the now wide-spread recognition
that protein glycosylation is critically important for a wide
range of immunomodulatory processes (Ugonotti et al. 2021;
Gagneux et al. 2022), the field has experienced a growing
interest in studying glycosylated peptide antigens (Kalka-Moll
et al. 2002; Cobb et al. 2004; Dengjel et al. 2005; Malaker
et al. 2017; Mei et al. 2020; Hoek et al. 2021; Mukherjee et al.
2021; Parker et al. 2021; Bedran et al. 2023; Goodson et al.
2023). Owing to their non-templated enzymatic biosynthesis
(Stanley et al. 2022), polypeptide-linked glycans are inherently
heterogeneous and their structures and expression patterns
unpredictable from the genetic blueprint. Intuitively, glycans
therefore have the potential to dramatically expand the
structural and functional diversity of immunopeptides,
but our knowledge of the glycosylated immunopeptidome
remains in its infancy.

Hindering rapid progress in this burgeoning field, the
large-scale identification of glycosylated immunopeptides
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is impeded by profound challenges in computational pro-
teomics. Firstly, the nonspecific proteolytic processing of
immunopeptides requires open nonenzymatic searches against
a set of target proteins resulting in an impractically large
peptide search space. Secondly, the fact that glycosylation is
a highly heterogenous often sub-stoichiometric modification,
calls for the use of a large glycan search space. Even without
considering other challenging variables i.e. presence of other
post-translational modifications (oxidation, deamidation)
and the localisation of glycosylation site(s), the wide peptide
and glycan search space dramatically expand the search time
and increase the false discovery rates (FDRs). Compounding
further their identification, glycosylated peptides are known
to ionise and fragment poorly relative to their unmodified
counterparts (Stavenhagen et al. 2013) leaving only a
subset of the generated LC–MS/MS spectra suitable for
interpretation. The large-scale profiling of glycopeptide
antigens therefore poses unique informatics challenges
not encountered in other proteomic-type data analysis
approaches. Despite the advent of numerous glycoproteomics
search engines capable of identifying tryptic and other
protease-restricted glycopeptides (Kawahara et al. 2021;
Polasky and Nesvizhskii 2023), few search engines have,
to the best of our knowledge, shown the ability to identify
glycosylated peptide antigens from immunopeptidomics data
including the open access MSFragger-HLA-Glyco (Bedran
et al. 2023) and the commercial Byonic (Goodson et al. 2023)
software.

In this two-part communication, we firstly summarise
and reflect on our recent discovery that MHC-II-bound
immunopeptides from cultured breast cancer-derived (MDA-
MB-231) and monocytic-like (THP-1) cells are richly
modified with N-glycans that structurally differ from those in
the cellular glycoproteome (Goodson et al. 2023). Guided by
pertinent technical and biological questions that arose from
this study, the second part of this communication sets out
to compare MSFragger-HLA-Glyco and Byonic in terms of
their identification efficiency of glycosylated immunopeptides
and, importantly, to establish, using available MHC-II
immunopeptidomics data from meningioma patients (Racle
et al. 2019), in vivo evidence of glycopeptide antigens in
tumour tissues.

Results and discussion

Hyper- and hypo-processed N-glycans decorate
MHC-II immunopeptides of immortalised cells

In our original report (Goodson et al. 2023), we compre-
hensively analysed paired multi-omics datasets generated
from two cell systems, the breast cancer-derived (MDA-MB-
231) and the monocytic-like (THP-1) cell line, enabling us to
map the N-glycosylation of MHC-II-bound immunopeptides
relative to the cellular N-glycoproteome. Interestingly, for
both MDA-MB-231 and THP-1 we observed considerable
levels (∼5-10% based on diagnostic ions) of N-glycosylation
modifying the heterogeneous populations of MHC-II-
bound immunopeptides. The N-glycans were dominated by
both truncated chitobiose core- (GlcNAc1-2Fuc0-1, 8.0%–
39.1%) and paucimannosidic-type (Man1-3GlcNAc1-2Fuc0-1,
47.8%–56.6%) as well as oligomannosidic-type N-glycans
(Man5-9GlcNAc2, 13.0%–31.0%). The immunopeptides
were strikingly lacking (or were near-devoid of) complex-
type N-glycans including structures carrying sialylation,
galactosylation and other glycans typically associated with

the glycocalyx. Importantly, the prevalence of biosynthet-
ically hyper-processed (truncated, chitobiose core- and
paucimannosidic-type) and hypo-processed (immature,
oligomannosidic-type) N-glycan structures on the peptide
antigens was orthogonally confirmed by LC–MS/MS-based
glycomics of the same population of isolated immunopeptides.

In contrast, glycomics and glycoproteomics applied to
lysates of MDA-MB-231 and THP-1 revealed that the
cellular N-glycoproteome, as expected, was dominated by
complex- and oligomannosidic-type N-glycans. In line with
previous studies, truncated N-glycans formed a relatively
small component of the N-glycome of MDA-MB-231 cells
(Chatterjee et al. 2019) whereas these hyper-processed N-
glycans formed a larger proportion in THP-1 (Hare et al.
2017). The stark differences in glycan type distribution
between the peptide antigens and cell lysates indicated
extensive N-glycan remodelling before, during or after
MHC-II antigen processing and presentation. We have
previously observed similar N-glycan remodelling on MHC-
II-bound immunopeptides of recombinant SARS-CoV-2
spike glycoprotein fed to monocyte-derived dendritic cells
(Parker et al. 2021). In the MDA-MB-231 and THP-
1 cells, the prominent glycophenotypic differences were
corroborated by comparative glycoprofiling of several cell
surface glycoproteins identified in both the lysates and
immunopeptidome including integrin alpha-2, transferrin
receptor-1, and protocadherin FAT1.

Catalysed by N-acetyl-β-hexosaminidase (Hex) and pos-
sibly other glycoside hydrolases, we have recently reported
on a non-canonical truncation pathway that in human neu-
trophils operates in parallel to the canonical N-glycoprotein
biosynthetic route (referred to as the “elongation pathway”)
(Ugonotti et al. 2022). Drawing parallels to this trunca-
tion pathway that is now recognised to exist across most
eukaryotic kingdoms (Tjondro et al. 2019; West et al. 2021),
we indeed identified the Hex enzyme and other glycoside
hydrolases (MAN2B1, MANBA) putatively involved in the N-
glycan remodelling of immunopeptides in the MDA-MB-231
and THP-1 lysates. By overlaying our findings of remodelled
immunopeptide N-glycans observed across two biological
systems on the otherwise well-established MHC-II processing
and presentation pathway, we proposed that the dramatic
glycophenotypic transformation of endogenous cell surface
glycoproteins occurs after their endocytosis and exposure
to the hydrolytic endo/lysosomal environment. We are cur-
rently following up on these leads using glycoside hydrolase
inhibitors and genetic ablation of truncating lysosomal glyco-
enzymes.

The MHC-II preference for presenting glycopeptide anti-
gens exhibiting both hyper- and hypo-processed N-glycans in
the two investigated cell systems raised important questions
about the in vivo presence of glycosylated immunopeptides.
Moreover, while our study employed multiple lines of -omics
evidence to support conclusions, the work also prompted us
to scrutinise the search engines used to identify glycosylated
peptide antigens due to the technical challenges associated
with these experiments. These topics are explored below.

In vivo support for prevalent N-glycosylation on
MHC-II immunopeptides of meningioma tumours
Congruence in MSFragger-HLA-Glyco and Byonic

outputs elevates confidence in findings

In recognising that MSFragger-Glyco is a strong search
engine in glycoproteomics (Polasky et al. 2020) and that the
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HLA-Glyco database is a valuable library containing over
3,400 N-glycosylated MHC-II-bound immunopeptides
(Bedran et al. 2023), we decided to use this resource to
benchmark the Byonic software used in our previous study
(Goodson et al. 2023).

To this end, we searched MHC-II immunopeptidomics LC–
MS/MS datasets obtained from resected tumours of 14 menin-
gioma patients using Byonic (Supplementary Table 1) and
compared the resulting data (“output”) to the HLA-Glyco
database (Supplementary Table 2). HLA-Glyco and Byonic
confidently identified a total of 3,788 and 3,451 glycoPSMs
across the meningioma tumour tissues, respectively, corre-
sponding to ∼1,050 unique (non-redundant) N-glycosylated
immunopeptides, ∼240 source glycoproteins and ∼50 gly-
can compositions for each search engine (Fig. 1A). Encour-
agingly, similar glycoform distributions (R2 = 0.94) were
reported by the two approaches (Fig. 1Bi) with only relatively
few glycans enriched in the output from either software
(Fig. 1Bii). While a minor over-reporting of paucimannosidic-
and oligomannosidic-type N-glycans was observed for HLA-
Glyco, a slight over-reporting of complex-type N-glycans was
observed for Byonic. Such differences in search output may be
explained by the fact that Byonic lacks a glycan-specific scor-
ing mechanism to distinguish between glycan candidates of
relatively low (often complex-type N-glycans) and high (often
oligo- and paucimannosidic-type N-glycans) confidence.

The overall similar outputs produced by the two search
engines were also illustrated by the considerable overlap
in glycosylated immunopeptide sequences (39.8%), and
their source glycoproteins (60.7%) and glycans (83.6%)
between HLA-Glyco and Byonic (Fig. 1C). Elevating further
the confidence in the outputs, the length distribution of
glycosylated immunopeptides identified by HLA-Glyco
and/or Byonic matched the expected characteristics of MHC-
II immunopeptides averaging 15-16 amino acid residues
(Fig. 1Di) (Marino et al. 2020; Gfeller et al. 2023) and formed,
as expected, mostly nested sets (Fig. 1Dii).

In line with our in vitro findings (Goodson et al. 2023), the
glycopeptide antigens were predominantly modified by oligo-
mannosidic (27.3%–66.7%) and paucimannosidic (10.3%–
47.5%) N-glycans while fewer complex- and chitobiose
core-type N-glycans were identified by both search engines
(Fig. 1E). Dramatic inter-patient variation in glycoPSMs was
observed spanning up to two orders of magnitude between
tissues with highest (e.g. GA-3947, HMC-3808) and lowest
(e.g. ME-3911, ORA-3971, 4001) expression of glycosylated
immunopeptides. By factoring in also the non-glycosylated
immunopeptides that were detected, the glycosylation fre-
quency (glycoPSMs/all PSMs) remained highly varied across
samples (range: 0.4%–33.4%, mean ± SD: 11.4% ± 11.1%),
suggesting dramatic biological variation in glycopeptide
antigen presentation across tumours. Attempting to explore
this inter-patient variation, we focused on the HLA-II typing
of the 14 meningioma patients available in the original study
(summarised in Supplementary Table 3). While we found a
handful of shared allotypes across the investigated patients,
we did not identify any apparent associations between neither
the immunopeptide glycosylation type nor frequency of
glycosylation events and the HLA-II type.

The glycan type distributions of immunopeptides identified
exclusively by HLA-Glyco matched the shared output
(R2 = 0.96) supporting the accuracy of those identifi-
cations (Fig. 1E, insert). The lower correlation between

immunopeptides identified exclusively by Byonic and the
shared output (R2 = 0.71), suggests, as pointed out above,
that Byonic (relative to HLA-Glyco) under-reports on
oligomannosidic-type (e.g. Man5GlcNAc2) glycopeptides
while some complex−/hybrid-type glycopeptides appear
favoured, although the accuracy of these slightly biased
identifications remains to be determined.

The outputs from the two search engines were further
scrutinised in a focused analysis of data from patient GA-
3947 featuring a particularly high immunopeptidome cover-
age. A considerable overlap in glycosylated immunopeptide
sequences (47.8%, 229 counts) were observed between HLA-
Glyco and Byonic (Fig. 1Fi). The glycosylated immunopep-
tides identified by the two search engines were further val-
idated using NetMHCIIpan 4.1 (Reynisson et al. 2020) by
showing that most of these were predicted MHC-II-binders
(Fig. 1Fii).

While the congruent outputs suggest that MSFragger-
HLA-Glyco and Byonic represent search engines that are
effective for the identification of N-glycosylated MHC-II
immunopeptides, we note that the two programs feature
different strengths and weaknesses. For example, the Byonic
searches (134.9 min/file) were considerably slower than the
MSFragger-HLA-Glyco searches (2.7 min/file), a practical
limitation we mitigated in this study by reducing the number
of variable modifications and by adding constraints to
peptide search space used for the non-specific search strategy.
Sequence analysis of the reported immunopeptides revealed
a similar proportion of non-tryptic sequences identified by
HLA-Glyco (77.0%) and Byonic (70.2%, data not shown).
This suggests that the constrained search strategy in Byonic
does not favour peptides with tryptic cleavage pattern
supporting a similar conclusion obtained from our previous
study (Goodson et al. 2023). The comparatively higher
search speed makes MSFragger-Glyco an attractive software
for analysis of immunopeptidomics data enabling more
comprehensive search strategies involving multiple variable
modifications such as N- and O-glycosylation as well as
other post-translational modifications. In addition, HLA-
Glyco features an option for “group FDR” assessment to
boost further the glycopeptide confidence in attempts to drive
down the high mis-identification rate that remains a well-
recognised bottleneck in the field (Chau et al. 2023). On the
other hand, Byonic is a well-established commercial software
with recognised strengths in N-glycopeptide identification
(Kawahara et al. 2021) and feature an intuitive interface,
regular updates, and incorporation of user feedback for
improved search strategies. Following our 1st HGI study
(Kawahara et al. 2021), another inter-laboratory data
comparison study of the Human Glycoproteomics Initiative is
currently underway, which aims to comprehensively compare
the performance of MSFragger-Glyco and Byonic relative to
the many other glycopeptide identification software solutions
that have emerged in the past decade (Polasky and Nesvizhskii
2023).

Hyper- and hypo-processed N-glycans decorate MHC-II

immunopeptides of meningioma tumours

Relative quantitation of the N-glycan structures iden-
tified on the immunopeptides across the meningioma
tumour tissues revealed that both the oligomannosidic-type
(Man5-6GlcNAc2) and the truncated paucimannosidic-type
(Man2-3GlcNAc2Fuc1) as well as GlcNAc1 structures were

https://academic.oup.com/glycob/article-lookup/doi/10.1093/glycob/cwae057#supplementary-data
https://academic.oup.com/glycob/article-lookup/doi/10.1093/glycob/cwae057#supplementary-data
https://academic.oup.com/glycob/article-lookup/doi/10.1093/glycob/cwae057#supplementary-data
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Fig. 1. Congruence of HLA-Glyco and Byonic outputs documents mannose-rich HLA-II glycopeptide antigens in meningioma tumours. A) Glycosylated
immunopeptides, their source glycoproteins and glycans identified across 14 MHC-II immunopeptidomics datasets from meningioma tumour tissues by
HLA-Glyco (grey) or using Byonic (blue). B. i) Glycoform distribution of glycosylated immunopeptides (average of 14 biological replicates) identified by
HLA-Glyco or using Byonic. ii) Glycoforms enriched in either HLA-Glyco or Byonic (n = 14, paired t-test, P < 0.05). C) Glycosylated immunopeptides, their
source glycoproteins and glycans reported by HLA-Glyco and/or Byonic. D. i) Peptide length and ii) proportion of nested sets within the glycosylated
immunopeptides identified by HLA-glyco and/or Byonic. E) Glycan type distribution across all patients. Insert: The glycan type distribution of glycosylated
immunopeptides identified by HLA-Glyco and/or Byonic were compared using Pearson correlation. F. i) Sequence overlap and ii) binding prediction of
glycosylated immunopeptides (unique) identified from patient GA-3947 by HLA-Glyco and/or Byonic. G. i–v) The five most common glycoforms identified
across all patients by HLA-Glyco and/or Byonic. H. i–v) The most common immunopeptide sequences identified from patient GA-3947 and their source
glycoproteins from the five abundant glycoforms as well as their spectral identification rate by HLA-Glyco and Byonic.

the most common glycoforms reported by both HLA-Glyco
and Byonic (Fig. 1G). The general agreement between the
two search engines for these five glycoforms across the
patients (0.24 < R2 < 0.86) provided important in vivo
evidence to support our in vitro findings (Goodson et al.
2023) documenting the dominance of both hypo- and hyper-
processed N-glycans in meningioma tumour tissues.

By again focusing on patient GA-3947 featuring a
high immunopeptidome coverage, we then explored the
most common immunopeptide sequences and their source
glycoproteins that carried the five abundant peptide anti-
gen glycoforms. Both HLA-Glyco and Byonic identified

complement C2 (P06681), E3 ubiquitin-protein ligase
DTX3L (Q8TDB6) and the lysosomal prosaposin (P07602)
as the main source proteins of the glycopeptide antigens
(Fig. 1H). While VPAHFVALNGSKLNIN of complement
C2 and SRAAFHNAVAVVIYNNKS of E3 ubiquitin-protein
ligase DTX3L carried oligomannosidic-type N-glycans,
RTNSTFVQALVEHVKE of prosaposin was the main
immunopeptide carrier of the paucimannosidic and chitobiose
core glycoforms. All three source proteins are known to
play roles in tumorigenic processes (Saleh et al. 2024;
Sharma et al. 2024; Zhang et al. 2024). Thus, identifying
glycosylated immunopeptides derived from these endogenous
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glycoproteins in the meningioma tumour tissues is of potential
significance as it implicates their involvement in the tumour
microenvironment possibly by modulating the immune-
tumour synapse of critical importance for tumour growth
and dissemination (Vicente et al. 2023), aspects that await
future exploration.

Presentation of exposed α-mannosidic residues in a mono-
or divalent form through the paucimannosidic-type N-glycans
or in a tri-valent form through oligomannosidic-type N-
glycans are emerging as a common molecular feature of the
abundant immunopeptide-conjugated glycans reported in this
communication. Perusing the wider HLA-Glyco database
across other biological systems substantiates these trends.
Together with our observation of N-glycan remodelling on
MHC-II-bound immunopeptides in dendritic cells pulsed
with the SARS-CoV-2 spike glycoprotein (Parker et al. 2021),
the findings discussed in this communication illustrate that
both exogenous and endogenous glycoproteins produce
mannose-rich glycopeptide antigens in the MHC-II system.
As building literature points to mannosidic glycoepitopes
being functional motifs mediating recognition by a range of
immunomodulatory glycan-binding (lectin) receptors (Loke
et al. 2016; Peters and Peters 2021; Vicente et al. 2023),
it may be proposed that the glycoepitopes carried by the
MHC-II peptide antigens may play roles in immune cell
communication by either engaging directly with such lectin
receptors (in cis or trans configuration) or indirectly by
altering the peptide antigen recognition by the T-cell receptor
of CD4+ T-cells. Regardless of the underlying mechanisms,
the sheer prevalence of voluminous and highly flexible
N-glycans carrying reactive glyco-epitopes on the MHC-
II peptide antigens suggests their potential to impact the
downstream immune response.

In conclusion, building evidence points to N-glycosylation
being an abundant type of modification of the MHC-II
immunopeptidome. As now mapped with different search
engines across different immortalised cell lines and in
tumour tissues from a cohort of meningioma patients, the
immunopeptides consistently display both hyper-processed
(paucimannosidic) and hypo-processed (oligomannosidic)
N-glycans on the cell surface, structures that differ from
the cellular glycoproteome. As both pauci- and oligoman-
nosylation are typically not exposed to the extracellular
environment under baseline conditions (Loke et al. 2016;
Ugonotti et al. 2021), their prevalence within the MHC-
II immunopeptidome suggests yet-to-be-revealed functional
roles in immunosurveillance mechanisms.

Materials and methods

This section pertains to the second part of this communication
for which new data searches and comparative analyses of
outputs were performed. For methods and materials under-
pinning the findings summarised in the first part, see our
original research paper (Goodson et al. 2023).

Data selection

For the data re-interrogation and cross search engine compar-
isons, we used MHC-II immunopeptidomics datasets gener-
ated from resected tumour tissues of 14 meningioma patients
(Racle et al. 2019). These datasets, which were generated

without any enrichment for glycosylated immunopeptides,
were selected given i) their high quality (high mass accu-
racy and signal/noise, informative MS/MS, and good LC
peak resolution, see original study for acquisition conditions),
ii) the considerable number of biological replicates, and iii)
the fact that the data were previously interrogated in the
HLA-Glyco study (Bedran et al. 2023) enabling us to use
their output for comparison and benchmarking purposes
against our Byonic-based searches. While both MHC-I and
-II immunopeptidomics data were available, we restricted our
analysis to the HLA-II datasets (HLA-DR, HLA-DP, HLA-
DQ) in attempts to generate in vivo evidence to support
our previous observation that N-glycans prevalently decorate
MHC-II-bound immunopeptides from immortalised cells in
culture (Goodson et al. 2023).

Immunopeptidomics data search and cross search
engine comparisons

To enable an informative comparison against the HLA-Glyco
search outputs (Bedran et al. 2023), we searched the HCD-
MS/MS data from the same LC–MS/MS raw datasets for
immunopeptides modified with N-glycans using Byonic v5.5
(Protein Metrics). In doing this, we aimed to mimic how
experts operate a specific search engine rather than attempting
to use identical search settings across the two search engines.
The latter was not practically possible as the two search
engines have different requirements and constraints. For the
Byonic search, we used 67 N-glycans in the glycan search
space; comprising the N-glycans reported by HLA-Glyco
and an additional six N-glycans (Supplementary Table 4).
In comparison, 198 N-glycans was used by HLA-Glyco
(Supplementary Table 5). See Table 1 for overview of key
search settings. Both search engines used the entire human
proteome as the protein search space and a reverse/decoy
and contaminant database to establish FDRs. Mimicking
the HLA-Glyco approach that considered any non-specific
peptides, the Byonic search permitted a non-specific cleavage
pattern of peptide candidates, but included constraints in the
peptide search space by allowing only candidate peptides with
up to two internal R/K residues to accelerate the otherwise
impractically slow search. We have previously demonstrated
that this constraint does not bias towards tryptic cleavage
patterns when identifying immunopeptides (Goodson et al.
2023). For both search engines, the precursor/product ions
were permitted to deviate up to 10–20 or 15–20 ppm
from the expected (theoretical) values, respectively. While
multiple other variable modifications were included in
the HLA-Glyco search (methionine oxidation, N-terminal
acetylation, cysteinylation in addition to the N-glycosylation),
this approach was impractical for Byonic, which therefore
instead restricted the search to a single N-glycan per peptide
defined as a variable “common” modification. Similar to
HLA-Glyco, the Byonic search used monoisotopic correction
(error check equals +/− floor, mass in Da/4000). For HLA-
Glyco, glycopeptides (7–25 amino acid residues in length)
were identified using 1% FDR, q-value (glycan) < 0.05 and
motif deconvolution as confidence thresholds. For Byonic,
glycopeptide candidates were filtered to PEP-2D < 0.01
and any candidates from the reverse and contaminant
protein lists were manually deleted. The glycosylated MHC-
II immunopeptide candidates were additionally filtered by

https://academic.oup.com/glycob/article-lookup/doi/10.1093/glycob/cwae057#supplementary-data
https://academic.oup.com/glycob/article-lookup/doi/10.1093/glycob/cwae057#supplementary-data


6 H Goodson et al.

Table 1. Key search settings used for the HLA-Glyco study (Bedran et al. 2023) and the Byonic-based searches of the same MHC-II immunopeptidomics
LC–MS/MS data files.

MSFragger-HLA-Glyco
(Bedran et al. 2023)

Byonic v5.5
(Protein Metrics)

Protein search space Human proteome (UniProtKB) Human proteome (UniProtKB)
Decoy database + +
Contaminant database + +
Digestion specificity Non-specific Non-specific
Cleavage site None R/K
Cleavage side None C-terminal
Missed cleavages N/A 2
Precursor mass tolerance 20 ppm 10 ppm
Fragmentation type HCD HCD
Fragment mass tolerance 15 ppm 20 ppm
Monoisotopic peak picking Correction enabled Correction enabled
Variable modifications (# variable
modifications permitted per peptide)

N-glycosylation, oxidation, N-terminal
acetylation, cysteinylation (not stated)

N-glycosylation (1)

Glycan database size 198 67
Confidence filtering 1% FDR, q < 0.05 1% FDR, PEP 2D < 0.01
Average search time/file 2.7 min 134.9 min

peptide length (12–25 amino acid residues) to improve
confidence further. The protein FDR of the filtered glycoPSMs
reaching confidence was consistently below 1%. Unique
glycosylated immunopeptides (unique peptide, glycosylation
site, glycan composition) and all glycosylated peptide-to-
spectral matches (glycoPSMs) were quantitatively compared
between the two search engines using a commonly used
spectral counting approach (Kawahara et al. 2023).
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