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ABSTRACT: Chemoproteomic strategies have revolutionized
proteome annotation by targeting nucleophilic and redox-active
side chains. However, the primary amides of asparagine (Asn) and
glutamine (Gln) have long lacked robust chemical tools for
proteome-wide interrogation. We report a chemoselective palla-
dium-mediated dehydration that converts Asn/Gln amides to
nitriles under mild aqueous conditions. This transformation enables
the first proteome-wide mapping of chemically addressable Asn/
Gln sites in lysates and living cells. Leveraging this reactivity, we
establish an inverse chemoproteomic framework in which reduced
nitrile formation reports PTM-mediated protection of Asn/Gln
sites, including those impacted by deamidation and N-glycosyla-
tion. This approach reveals sites masked by post-translational
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modifications (PTMs), specifically those associated with deamidation and N-glycosylation. In yeast, this framework expanded the
known N-glycoproteome, identifying numerous candidates missed by traditional glycopeptide enrichment due to low abundance or
noncanonical motifs. Furthermore, comparative profiling in Candida albicans captured the dynamic remodeling of glycosylation
patterns during morphogenesis. This dehydration-to-nitrile platform establishes a scalable handle on the amide proteome to map
residue accessibility and PTM-linked site dynamics across biological states.

Bl INTRODUCTION

The human proteome is chemically diverse, yet nearly 9% of its
residue side chains are the primary amides of asparagine (Asn)
and glutamine (Gln), which remain under-profiled because they
are difficult to access by global chemical profiling." While
chemoproteomic platforms have successfully mapped the
reactivity and ligandability of nucleophilic and redox-sensitive
residues,” ® the inherent chemical inertness of Asn and Gln
amides has kept them largely out of reach. This technological
gap has constrained proteome-wide efforts to connect Asn/GIn
chemistry to protein structure and regulation.’

Herein, we introduce a platform for global Asn/Gln profiling
via a palladium-mediated dehydration reaction that converts
primary amides to nitrile products under mild, aqueous
conditions. This transformation proceeds through the net loss
of water (—H,O) to generate a compact nitrile handle that is
stable and readily detected by LC-MS. By enabling proteome-
scale conversion of Asn/Gln amides to a common nitrile end
point, this chemistry supports global profiling in both lysates and
live cells enabling mapping of these residues in complex
biological systems (Figure 1A). The ability to selectively modify
Asn and Gln amides enables a powerful inverse chemoproteomic
strategy for interrogating post-translational modifications
(PTMs). In this framework, PTMs that mask or alter the
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amide side chain, such as deamidation or N-glycosylation,
inhibit conversion to the nitrile product, yielding a protection
signature that can be used to identify PTM-associated
candidates. This protection-based framework offers a practical
advantage for studying deamidation-associated changes by
converting available amides to nitriles early in the workflow,
thereby reducing the opportunity for artifactual, sample-
preparation-associated deamidation to obscure biological
patterns.'”"" In addition, the approach provides an orthogonal
perspective to enzyme- and enrichment-based methods by
reporting on chemically addressable amide sites without relying
on enzymatic substrate preferences, metabolic tag incorpo-
ration, or enrichment biases.'””>* In this work, we apply a
palladium-mediated dehydration strategy to prioritize deamida-
tion-associated candidates and to profile remodeling of
glycosylation-associated protection patterns in Saccharomyces
cerevisiae and Candida albicans, demonstrating the utility of this
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Figure 1. Development of the Asn/Gln dehydration reaction on proteins. A) Previous work established chemoproteomic strategies targeting
nucleophilic and redox-sensitive amino acid side chains, including cysteine, lysine, arginine, tyrosine, methionine, serine/threonine, and aspartic/
glutamic acid. The present work expands the chemoproteomic toolbox to chemically inert primary amide side chains of asparagine and glutamine
through palladium-mediated dehydration chemistry, enabling profiling of deamidation and N-glycosylation PTMs through an inverse
chemoproteomics approach. B) Chemoselectivity: peptide KYWSMEHR (S3) does not undergo any modification under the reaction conditions.
C) Optimization of the dehydration reaction on myoglobin as a function of Pd(OAc), concentration (1—10 mM), monitored by intact protein mass
spectrometry, revealing dose-dependent nitrile formation and heterogeneous modification at elevated palladium concentrations. Homogeneous single
modification was observed using a lower concentration of Pd(OAc), (3 mM). (D) Optimization of the dehydration reaction of myoglobin using a
lower concentration of 3 mM of Pd(OAc), for 2 h yielded a homogeneously modified nitrile protein. MS/MS analysis identified GIn8, GIn26, and
Gln128 as the sites of modification. Observed y and b ions are labeled. (E) Homogeneously modified myoglobin demonstrates a similar ability to
oxidize o-phenylenediamine compared to unmodified myoglobin. These data support the hypothesis that the 3D structure of the myoglobin remained
intact after the modification under the reaction conditions. Created in BioRender. Lab, R. (2026) https://BioRender.com/978dmxn.

chemical strategy for comparative analysis of PTM-associated
landscapes across biological states linked to stress responses and
fungal virulence.
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Figure 2. Palladium-mediated dehydration for chemoproteomic profiling of asparagine and glutamine in lysates and in live cells. (A) Reactive
asparagine and glutamine profiling with a dehydration reaction through treatment of T-47D breast cancer cell lysate with low (100 #M), medium (250
uM), high (500 4M), and superhigh doses (1 mM) of Pd(OAc), in a 4:1 NaP buffer (10 mM, pH 7.2):CH;CN, followed by palladium quenching,
trypsin digestion, and LC-MS/MS analysis. The analysis of results identified the modification of 320 unique proteins at 100 #M, 2306 at 250 uM, 2366
at 500 uM, and 2544 at 1 mM; values in parentheses represent the number of proteins identified through MS/MS peptides alone, while the total
number represents MS/MS and MBR peptides. The identification of hyperreactive Asn/Gln sites and sequence motif analysis through sorting and
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Figure 2. continued

retaining peptides with nonzero intensity and a match type of “MS/MS” across 100 uM to 1 mM. This analysis led to the identification of 445 unique
peptides (256 unique proteins) with a broad functional distribution (enzymes/regulatory proteins and structural proteins). (B) Live cell
chemoproteomic profiling of asparagine and glutamine residues in T-47D cells. 140—259 peptides and 93—176 proteins identified across 10—100 uM
of Pd(OAc), (Supplementary Figure S7). Identification of hyperreactive Asn/Gln sites across SO M to 100 #M led to the identification of 203 unique
peptides (141 unique proteins); values in parentheses represent the number of MS/MS peptides alone, while the total number represents MS/MS and
MBR peptides. A comparison of hyperreactive Asn/Gln sites in live cells and cell Iysates identified 66 common proteins and 75 unique proteins within
live cell samples only. Evaluation of the localization of modified proteins showed significant membrane localization of live cell-modified proteins. (C)
Gene ontology analysis of modified proteins (live cell and lysate) clearly shows significant modification of membrane-bound proteins, such as
anchoring junction, cell—substrate junction, and focal adhesion proteins, in live cells over lysate-modified samples (—log,,(FDR) > 2.8); heat scale
—log,,(FDR) for live cells (1.6—2.8); —log,o(FDR) for cell lysate is (6—10). (D) Functional categorization of modified proteins showed a broad
diversity of modified proteins, with significant modification of RNA-binding proteins with —log,,(FDR) > 1.5 for live cells and —log,o(FDR) > 1S for
lysates. heat scale —log;o(FDR) for live cells (1.3—1.5) and —log,((FDR) for cell lysate is (5—15). Created in BioRender. Lab, R. (2026) https://

BioRender.com/yzdjonj.

B RESULTS

Development of Dehydration Chemistry for Protein
Modification

To establish palladium-mediated dehydration as a chemo-
proteomic platform for targeting primary amide side chains of
Asn/Gln,”**° we first evaluated reaction performance under
mild, aqueous conditions using small-molecule and peptide
benchmarks. A model substrate, 2-phenylacetamide, underwent
efficient conversion to 2-phenylacetonitrile (98% yield) using 10
mol % Pd(OAc), in 1:1 H,O:CH;CN at RT, consistent with
productive dehydration to the nitrile product (Supplementary
Figure S1). Based on our previously established conditions for
peptide nitrile formation utilizing 3 equiv. Pd(OAc), in 1:1
H,0:CH,CN at RT for 2 h,”” peptide WRENGLRG (S1) was
quantitatively converted to the corresponding nitrile peptide
WRFN(CN)GRLG (S2) (Supplementary Figure S2a-d). MS/
MS analysis confirmed site-specific conversion at the Asn
residue (Supplementary Figure S2e). We then evaluated
chemoselectivity on a multifunctional model peptide (KYWS-
MEHR, S3) that contains reactive side chains commonly
targeted by residue-centric probes (Lys, Tyr, Ttp, Ser, Met, His,
and Arg) (Figure 1B, Supplementary Figure S2e-g). Under
dehydration conditions, using Pd(OAc),, we observed no
detectable modification of any of these residues, as analyzed by
LC-MS, supporting preferential reactivity toward primary
amides and no cross-reactivity with any reactive functional
groups exploited by established chemoproteomic tools (Figure
1B, Supplementary Figure S2).

We then optimized the reaction on a model protein,
myoglobin, to evaluate its performance in the context of folded
protein architectures. Titration of Pd(OAc), revealed a clear
concentration dependence in the extent and heterogeneity of
modification (Figure 1C, Supplementary Figure S3). At higher
palladium concentrations (10 mM), labeling became heteroge-
neous (up to 5—6 modifications), whereas 3 mM Pd(OAc),
produced predominantly one to two nitrile conversions per
protein molecule, providing a practical operating window for
controlled modification.

High-resolution mass spectrometry confirmed mass shifts
corresponding to dehydration in all screened concentration
conditions, and MS/MS analysis identified GIn8, GIn26, and
GlIn128 as the sites of modification in the homogeneous (3 mM
Pd(OAc),) sample (Figure 1D, Supplementary Figure S3).

A key feature of this transformation is its compact chemical
outcome: dehydration converts the amide to a nitrile through a
net loss of water (—H,0), yielding a small product that avoids
bulky appendages. To probe whether nitrile formation is

compatible with retention of protein function in this model
system, we evaluated the peroxidase-like activity of nitrile-
modified myoglobin. The modified protein retained activity
comparable to the native protein, consistent with preservation of
the heme environment and overall fold under the optimized
conditions (Figure 1E, Supplementary Figure S4). Together,
these results establish palladium-mediated amide dehydration as
a chemoselective, protein-compatible route to access Asn/GlIn-
derived nitriles and motivate its extension to proteome-scale
profiling.

Asn/GIn Chemoproteomic Profiling

We next applied palladium-mediated amide dehydration to
proteome-scale profiling of Asn/Gln sites in cell lysates,
leveraging nitrile formation as a direct LC-MS readout of
chemically addressable primary amides in complex mixtures.
To define an experimental reactivity landscape, we treated T-
47D breast cancer cell lysates with increasing concentrations of
Pd(OAc), (100 uM to 1 mM), followed by quenching of
palladium, trypsin digestion, and LC-MS/MS analysis. Across
the proteome, we observed clear dose-dependent conversion of
Asn/Gln to nitriles and identified 2,544 unique proteins at 1 mM
Pd(OAc), (Figure 24, Supplementary Figure SS). An analogous
control sample prepared without Pd(OAc), yielded only two
unique proteins containing a confidently localized Gln
(—18.0106 Da) modification, indicating a very low background
level in the absence of palladium (Supplementary Figure SSa).
In addition, open-search AMass analysis identified —18.0106 Da
as the dominant treatment-dependent mass shift across Pd
concentrations, supporting assignment of this signal to the
palladium-mediated dehydration chemistry rather than to a
search artifact (Supplementary Figure SSb). Furthermore, we
observed a dose-dependent increase in the percentage of
peptides bearing a — 18.0106 Da modification on Asn/Gln,
whereas the percentage of peptides assigned this mass shift on
other potentially dehydrating residues, including Ser, Thr, Asp,
and Glu, remained largely unchanged (Supplementary Figure
S5a). To focus on the most consistently observed sites, we
prioritized high-occupancy conversion events detected across all
dosing conditions, yielding 445 recurrent Asn/Gln conversion
sites across 256 proteins spanning enzymes, regulatory factors,
and structural proteins (Figure 2A, Supplementary Figure SS).
Peptides were identified with high-confidence b and y ions
(Supplementary Figure SSc). Sequence-context analysis of these
recurrent sites revealed enrichment of nearby acidic (E, D) and
polar (T) residues, consistent with local electrostatic and
hydrogen-bonding environments that may modulate amide
conversion efficiency (Figure 2A). We then extended the
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Figure 3. Chemoproteomics profiling of asparagine and glutamine deamidation. Note: the analysis of deamidation sites is based on the inverse
correlation between nitrile modification and deamidation. (A) Schematic of the application of the dehydration reaction for chemoproteomics profiling
of deamidation of Asn and Gln in T-47D cell lysate. Dose-dependent deamidation was incorporated by incubating T-47D lysates in ammonium
bicarbonate buffer (pH 8.8) at 65 °C for 30, 60, and 120 min, followed by treatment with 500 uM of Pd(OAc), in a 4:1 NaP buffer (10 mM, pH
7.2):CH;CN. Palladium quenching, trypsin digestion, and LC-MS/MS analysis identified the modification of 7031 unique peptides for the non-
deamidated control (0 min), and 902 unique peptides for 30 min, 838 unique peptides for 60 min, and 668 unique peptides for 120 min. (B) Nitrile
modification distribution of Asn and Gln across different deamidated samples. Significant modification of Gln and Asn was observed, indicating
deamidation of both Asn and Gln. (C) Identification of unique deamidation sites observed after 30 min of deamidation. Nitrile peptides only observed
in control samples but not in deamidated samples were identified as sites of deamidation, with an 88% deamidation rate after 30 min. (D) Sequence
motif analysis of nitrile-modified Asn in the 88% deamidated set identified a predominant presence of proline adjacent to nitrile-modified Asn.
Sequence motif analysis was performed by considering 4 residues from the right and left of the modified Asn. Asn was set as the fixed position with a p-
value <0.05. Also shown is the schematic showing the plausible explanation for the predominant observation of proline adjacent to nitrile-modified

Asn. Created in BioRender. Lab, R. (2026) https://BioRender.com/t49t2dr.

workflow to intact-cell labeling to assess compatibility with live-
cell proteomics. Exposure of T-47D cells to varying concen-
trations of Pd(OAc), (ranging from 10 M to 100 M) and 2%
acetonitrile for 2 h revealed 92—96% cell viability at different
concentrations (Supplementary Figure S6). Subsequent cellular
lysis, digestion, and LC—MS/MS analysis of treated cells
revealed dose-dependent Asn/Gln conversion and identified
204 recurrent nitrile-bearing peptides mapping to 141 proteins
in the intact-cell context (Figure 2B, Supplementary Figure S7).
Peptide identification was confirmed through high-confidence b
and y ion spectra (Supplementary Figure S7). Comparison of
lysate and live-cell data sets identified 66 overlapping proteins,
with additional proteins observed uniquely in the live-cell
condition (Figure 2B). Notably, the live-cell data set was
enriched for membrane-associated proteins (including anchor-
ing junctions and focal adhesion proteins), yielding a profile
distinct from the lysate data set, which contained a larger fraction
of soluble/cytosolic proteins (Figure 2B).

Because intact-cell conversion can be influenced by reagent
access, subcellular compartmentalization, and protein turnover,
in addition to intrinsic site chemistry, we interpret these
differences as access-weighted rather than definitive measures of
intrinsic reactivity (Pigure 2C). Functional categorization also
highlighted RNA-binding proteins among the modified targets,
consistent with the method’s ability to report on chemically
addressable Asn/Gln sites across diverse functional classes in

native cellular contexts (Figure 2D). This result is consistent
with prior studies showing a high abundance of Asn/Gln in
RNA-binding proteins,”® supporting the utility of this
dehydration reaction for residue-centric profiling of Asn/Gln
sites.

Profiling and Identification of Deamidation
Post-Translational Modifications

Beyond global Asn/Gln conversion mapping, we asked whether
palladium-mediated amide dehydration could provide a
practical, orthogonal readout for deamidation-associated
changes in complex proteomes. Deamidation, a relatively
understudied post-translational modification (PTM), converts
Asn and Gln amides to carboxylates (Asp/Glu),”*" altering
charge and potentially affecting protein stability, turnover, and
function.”' ~** In proteomics workflows, deamidation is typically
inferred from a small mass increase (+0.9840 Da),*° but this
signal can be difficult to interpret in complex samples and is
often confounded by sample-preparation-associated sponta-
neous deamidation, which inflates false discoveries. We
therefore evaluated an inverse chemoproteomic strategy where
the absence of chemical modification, a protection signature,
signals the presence of a PTM.*>"~*" Under this framework, Asn/
Gln sites that have been modified to carboxylates through
deamidation will not be nitriles under dehydration conditions.
This loss of reactivity serves as a diagnostic tool to identify
candidate sites of biological deamidation.
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Figure 4. Chemoproteomics profiling of asparagine N-glycosylation and changes in proteome associated with pathogenesis. Note: the analysis of N-
glycosylation sites is based on the inverse correlation between nitrile modification and N-glycosylation. (A) Schematic of the application of palladium-
mediated dehydration for chemoproteomics profiling of N-glycosylation post-translational modification of Asn in yeast. Cells with downregulation of
N-glycosylation were obtained by treatment with 2 g/mL tunicamycin, followed by treatment with 500 uM Pd(OAc), in a 4:1 NaP buffer (10 mM,
pH 7.2):CH;CN. (B) Trypsin digestion and LC-MS/MS analysis identified Asn modification of 597 unique peptides for tunicamycin-treated samples
and 163 unique peptides for nontunicamycin-treated samples, with 117 unique peptides found in both samples. Asn nitrile modification distribution
across TM- and non-TM-treated samples showed extensive nitrile modification in TM-treated samples, indicative of downregulation of N-
glycosylation. (C) Glycoprotein analysis of N-glycosylated proteins in both TM- and non-TM-treated samples. 33 (14%) previously reported
glycoproteins were observed in TM-treated with the additional identification of 211 (86%) potentially novel glycoproteins. (D) Schematic of the
palladium-mediated dehydration reaction for profiling N-glycosylation of Asn in pathogenic and nonpathogenic Candida albicans. Nonpathogenic
yeast form of C. albicans and pathogenic hyphae form of C. albicans were generated by growing C. albicans with and without FBS. Cells were harvested,
followed by treatment with 100 uM of Pd(OAc), in 4:1 NaP buffer (10 mM, pH 7.2):CH;CN. (E) Trypsin digestion and LC-MS/MS analysis
identified the modification of Asn in 65 unique peptides (65%) for nonpathogenic C. albicans samples and 3S unique peptides (35%) for pathogenic C.
albicans samples. Glycoprotein schematic highlighting the glycosylation profile between nonpathogenic C. albicans and pathogenic C. albicans. (F)
Evaluation of the extent of modification for yeast and hyphae forms. Comparison of nitrile-modified peptides to the total identified peptides for each
group identified 1.61% of nitrile modification in yeast and 0.84% in hyphae, suggesting extensive N-glycosylation in the hyphae form of C. albicans. (G)
Nitrile modification distribution across nonpathogenic C. albicans and pathogenic C. albicans samples. Significantly reduced Asn nitrile modification in
pathogenic C. albicans is indicative of upregulation of N-glycosylation. Experiments presented in this figure were performed with n = 2 biological
replicates. Created in BioRender. Lab, R. (2026). https://BioRender.com/f81fub3.
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To validate this inverse chemoproteomic approach, we
generated dose-dependent deamidation profiles by incubating
T-47D cell lysates under accelerated deamidation conditions
(pH 8.8, 65 °C; Figure 3A, Supplementary Figure S8)
Subsequent treatment with Pd(OAc), (500 yM) in 4:1 NaP
buffer (10 mM, pH 7.2):CH;CN for 2 h revealed a stark, time-
dependent decrease in nitrile-modified peptides—from 7,031 in
the control to 668 after 120 min of incubation—consistent with
progressive conversion of amides to carboxylates and loss of
chemical reactivity (Figure 3A, Supplementary Figure S8).

Across sites, nitrile formation was more frequently observed
on glutamine than on asparagine, consistent with a higher
apparent susceptibility of Asn to deamidation under these
conditions (Figure 3B). This observation is consistent with
previous literature reports where Asn is more prone to undergo
deamidation due to the formation of a succinimide intermediate
with a backbone.’® We next compared site identities between
the nonheated control and the 30 min heated sample to assess
how strongly the dehydration readout tracked deamidation
stress. We found that 6,579 sites (88%) that were observed as
nitrile modified in the control were not detected as nitrile
modified after 30 min of stress (Figure 3C), consistent with
widespread conversion of amides to nonreactive deamidation
products.

The high fidelity of our inverse chemoproteomics strategy
enabled us to uncover fundamental structural determinants of
deamidation. Sequence motif analysis of the residues that
remained amidated (nitrile-labeled) despite deamidation stress
revealed a predominant enrichment of proline directly adjacent
to Asn (Asn-Pro) (Figure 3D, Supplementary Figure S8). This
pattern is consistent with established deamidation mechanisms,
in which proline disfavors formation of the succinimide
intermediate required for Asn deamidation, thereby reducing
deamidation propensity at Asn-Pro sequences.*’ Together,
these results demonstrate that palladium-mediated amide
dehydration provides a complementary chemoproteomic route
to profile deamidation PTM at scale and to recover the
mechanistically informative sequence context in complex
proteomes.

Tracking Asn N-Glycosylation PTM and Proteome
Alterations in Yeast under Chemical Stress

To demonstrate the power of palladium-mediated dehydration
of Asn/Gln in mapping complex N-glycosylation landscapes, we
applied our platform to Saccharomyces cerevisiae due to its
extensive glycosylation characteristics.*”*> We utilized an
inverse chemoproteomic strategy to identify N-glycosylation
sites on asparagine residues. To validate this, we induced ER
stress using tunicamycin (TM), a potent inhibitor of N-linked
glycosylation,"™* to create a landscape of lower N-glycans and
compared it with a control (without TM), generating high N-
glycans (Figure 4A, Supplementary Figure S9).

Following TM or control (DMSO) treatment, yeast were
lysed and subjected to reaction conditions using 500 uM
Pd(OAc), in a 4:1 mixture of sodium phosphate buffer (10 mM,
pH 7.2):CH,CN for 2 h, followed by palladium chelation,
trypsin digestion, and LC—MS/MS analysis (Figure 4A).
Consistent with increased accessibility of Asn amides upon
glycosylation inhibition, we observed substantially higher
numbers of nitrile-bearing peptides in TM-treated samples
(597 unique peptides; 78.6%) relative to DMSO controls (163
unique peptides; 21.4%) (Figure 4B, Supplementary Figure S9),
directly reflecting the loss of glycan protection at these sites.

When focusing specifically on sites and proteins exhibiting
patterns consistent with reduced glycan protection, TM-treated
samples showed 480 unique peptides mapping to 244 proteins
compared to 46 unique peptides mapping to 10 proteins in the
DMSO condition (Figure 4B).

To place these TM-associated candidates in the context of
existing annotations, we cross-referenced modified proteins
against the GlyCosmos Glycoproteins database.*® Under our
filtering criteria, 33 proteins (14%) matched previously reported
glycoproteins, whereas 211 proteins (86%) were not annotated
as glycoproteins in the database (Figure 4C, Supplementary
Figure S9). This latter set can be interpreted as potential N-
glycosylation-associated candidates, which may include true
glycoproteins missed by enrichment-centric workflows and
enzymatic tools. Gene ontology analysis of annotated and
candidate proteins revealed enrichment in processes and
compartments linked to secretion, ER homeostasis, and stress
response (Supplementary Figure S9), consistent with the
expected cellular consequences of tunicamycin treatment and
unfolded protein response activation.””** Together, these data
illustrate that amide dehydration provides a scalable, orthogonal
route to profile site-dependent remodeling of glycosylation in
eukaryotic proteomes.

Profiling Alterations in N-Glycosylation and Proteome of
Candida Albicans During Pathogenesis

Having established that amide dehydration can report
glycosylation-associated protection patterns in yeast, we next
applied the approach to the human fungal pathogen Candida
albicans, which transitions between a commensal yeast form and
a pathogenic hyphal form.**~>" Morphogenesis is accompanied
by extensive cell-wall and secretory-pathway remodeling, and N-
glycosylation has been implicated in these processes, but
proteome-scale, state-dependent changes remain challenging
to capture with a single workflow. We therefore used palladium-
mediated amide dehydration as an orthogonal, chemistry-based
readout to compare Asn-site addressability between yeast and
hyphal states.

Cells grown under yeast or hyphal conditions (—FBS or +
FBS) were lysed and subjected to reaction conditions using 100
uM Pd(OAc), in a 4:1 mixture of sodium phosphate buffer (10
mM, pH 7.2):CH;CN, followed by palladium quenching,
trypsin digestion, and LC—MS/MS analysis (Figure 4D,
Supplementary Figure S10). Across data sets, we observed a
shift consistent with increased glycosylation of Asn sites in the
hyphal state: the hyphal condition showed fewer nitrile-
modified peptides (35.0%) relative to the yeast condition
(65.0%) (Figure 4E, Supplementary Figure S10). To assess
whether this difference could be explained solely by broad
proteome expression changes between states, we additionally
evaluated the ratio of nitrile modified to unmodified peptides
within each form. Consistent with increased glycosylation in
hyphae, the fraction of nitrile modification was lower in the
hyphal form (0.84%) than in the yeast form (1.61%; Figure 4F).

We next compared Asn-site conversion patterns between the
two morphologies to nominate candidates exhibiting hyphae-
associated protection signatures. This analysis identified 34
proteins comprising 47 peptides whose Asn nitrile signals were
observed in the yeast state but were reduced or absent in the
hypha state (Figure 4G), consistent with increased glycosylation
of these sites during morphogenesis. Heatmap analysis of
peptide-level modification extent further supported the global
trend toward increased protection in hyphae (Supplementary
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Figure S10). Gene ontology analysis of proteins associated with
hyphae-linked protection signatures highlighted enrichment in
processes and compartments related to cell-wall organization,
adhesion, and secretion (Supplementary Figure S10), consistent
with known functional hallmarks of the hyphal program.
Because changes in nitrile formation can reflect a combination
of glycan masking, local accessibility, and protein abundance, we
interpret these proteins as glycosylation-associated candidates
that prioritize pathways remodeled during morphogenesis rather
than as definitive assignments of site-specific N-glycosylation
occupancy. Together, these data illustrate the utility of amide
dehydration for comparative profiling of N-glycosylation-
associated patterns across pathogenic and nonpathogenic states
in C. albicans.

B CONCLUSIONS

This work establishes palladium-mediated amide dehydration as
a scalable chemoproteomic entry point for profiling a large and
comparatively underaddressed residue class: primary amides in
asparagine and glutamine. By enabling the conversion of Asn/
Gln side-chain amides to nitrile products through net
dehydration (—H,0) under mild, aqueous conditions, the
method provides direct LC-MS access to chemically addressable
Asn/Gln sites across complex lysates and intact cells. In doing
so, it expands residue-centric chemoproteomics beyond canon-
ical nucleophiles and offers an experimentally grounded map of
Asn-Gln conversion landscapes in native proteomes.

Beyond residue mapping, we introduce an inverse chemo-
proteomics framework in which reduced nitrile formation is
used to prioritize candidate sites whose amides are masked or
chemically altered, including by PTMs such as deamidation and
N-glycosylation. Applied to controlled deamidation stress, this
readout captured large, time-dependent losses of nitrile
formation and recovered mechanistically informative sequence
context, including enrichment of Asn-Pro motifs consistent with
suppression of succinimide formation. In yeast, inhibition of N-
linked glycosylation produced the expected shift toward
increased nitrile formation and nominated an expanded set of
glycosylation-associated candidates not annotated as glycopro-
teins in a standard resource, underscoring the complementarity
of chemistry-based readouts to enrichment-centric workflows.
Finally, comparative profiling in Candida albicans revealed
morphogenesis-linked remodeling of N-glycosylation patterns
and prioritized candidate proteins enriched in pathways relevant
to cell-wall organization, adhesion, and secretion.

Together, these results position palladium-mediated amide
dehydration as a practical complement to existing proteomic
strategies, as it enables global access to Asn/GlIn primary amides
and provides a scalable route to prioritize PTM-associated
candidates and state-dependent remodeling signatures in native
systems. More broadly, the work opens a path toward residue-
centric interrogation of Asn/Gln as a functional dimension of
proteome regulation across physiology and disease. By
converting a previously hard-to-interrogate functional group
into a proteome-wide chemical readout, this platform broadens
the experimental vocabulary for connecting residue chemistry to
the biological state.

B ASSOCIATED CONTENT

Data Availability Statement

The mass spectrometry proteomics data generated in this study
have been deposited to the ProteomeXchange Consortium via

the PRIDE partner repository”~ with the data set identifier
PXD055899.

@ Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acschembio.6c00173.

Optimization of the reaction conditions on protein, a
peptide chemoselectivity screen, and product character-
ization by NMR, HPLC, LC-MS, MS/MS, and HRMS
(PDF)

Summary of dose-dependent chemoproteomics applica-
tion of dehydration for modification of Asn/Gln sites in
celllysate. Modified Asn/Gln residues possess a mass shift
of [—18.0160] right after. The protein accession numbers,
peptide sequence, peptide start index number, protein full
name, gene ID, intensity, and match type are shown in the
table. Each concentration is represented on a different
sheet. List of hyperreactive proteins found across all
samples and list of Genes for GO and pLogo analysis
(XLSX)

Summary of dose-dependent chemoproteomics applica-
tion of dehydration for modification of Asn/Gln sites in
live cells. Modified Asn/Gln residues possess a mass shift
of [—18.0160] right after. The protein accession numbers,
peptide sequence, peptide start index number, protein full
name, gene ID, intensity, and match type are shown in the
table. Each concentration is represented on a different
sheet. List of hyperreactive proteins found across all
samples and list of Genes for GO and pLogo analysis
(XLSX)

Summary of chemoproteomics application of dehydration
for profiling of deamidation post-translational modifica-
tion of Asn and Gln. Modified Asn/Gln residues possess a
mass shift of [—18.0160] right after. The protein
accession numbers, peptide sequence, peptide start
index number, protein full name, gene ID, intensity, and
match type are shown in the table. Each concentration is
represented on a different sheet (XLSX)

Summary of chemoproteomics application of dehydration
for profiling of N-glycosylation post-translational mod-
ification of Asn. Modified Asn residues possess a mass
shift of [—18.0160] right after. The protein accession
numbers, peptide sequence, peptide start index number,
protein full name, gene ID, intensity, and match type are
shown in the table. Each concentration is represented on a
different sheet (XLSX)

Summary of chemoproteomics application of dehydration
for profiling of N-glycosylation profile of pathogenic and
non-pathogenic yeast. Modified Asn residues possess a
mass shift of [—18.0160] right after. The protein
accession numbers, peptide sequence, peptide start
index number, protein full name, gene ID, intensity, and
match type are shown in the table. Each concentration is
represented on a different sheet (XLSX)

B AUTHOR INFORMATION
Corresponding Author

Monika Raj — Department of Chemistry, Emory University,
Atlanta, Georgia 30322, United States; ® orcid.org/0000-
0001-9636-2222; Email: monika.raj@emory.edu

https://doi.org/10.1021/acschembio.6c00173
ACS Chem. Biol. XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_001.pdf
https://pubs.acs.org/doi/10.1021/acschembio.6c00173?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_002.xlsx
https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_003.xlsx
https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_004.xlsx
https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_005.xlsx
https://pubs.acs.org/doi/suppl/10.1021/acschembio.6c00173/suppl_file/cb6c00173_si_006.xlsx
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Monika+Raj"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-9636-2222
https://orcid.org/0000-0001-9636-2222
mailto:monika.raj@emory.edu
pubs.acs.org/acschemicalbiology?ref=pdf
https://doi.org/10.1021/acschembio.6c00173?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Chemical Biology

pubs.acs.org/acschemicalbiology

Authors

Benjamin Emenike — Department of Chemistry, Emory
University, Atlanta, Georgia 30322, United States;
orcid.org/0009-0006-0367-2234
John M. Talbott — Department of Chemistry, Emory University,
Atlanta, Georgia 30322, United States; ® orcid.org/0000-
0002-1579-128S
Zachary E. Paikin — Department of Chemistry, Emory
University, Atlanta, Georgia 30322, United States;
orcid.org/0009-0000-6480-9106
Christian M. Beusch — Department of Pathology and
Laboratory Medicine, Emory University, Atlanta, Georgia
30322, United States; Department of Surgical Sciences,
Uppsala University, Uppsala 751 85, Sweden
Sohail Khoshnevis — Department of Biochemistry, Emory
University School of Medicine, Atlanta, Georgia 30322, United
States
David E. Gordon — Department of Pathology and Laboratory
Medicine, Emory University, Atlanta, Georgia 30322, United
States

Complete contact information is available at:
https://pubs.acs.org/10.1021/acschembio.6c00173

Notes

BE., J.T., and M.R. are the inventors of a United States patent
application (63/442,227, pending) of Emory University cover-
ing the methodology of dehydration for modification of
asparagine and glutamine and its application in global profiling
and identification of asparagine and glutamine sites from a
complex biological system. There are no other conflicts to
declare.

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We thank the National Institutes of Health (NIH)
(1IRO1HGO012941-01 to M.R. and 1R35GM150760-02 to
S.K.) and the National Science Foundation (NSF) (CHE-
2406996 to M.R.) for financial support. The Swedish Research
Council (grant 2023-00510) supported C.M.B. J.M.T. thanks
the ARCS foundation award. All images were created with
BioRender.com. We thank Rakesh Singh for assistance with
proteomic analysis.

B ABBREVIATIONS

PTM, post-translational modification; TM, tunicamycin; FBS,
fetal bovine serum

B REFERENCES

(1) Zanon, P. R. A,; Yu, F.; Musacchio, P. Z.; Lewald, L.; Zollo, M.;
Krauskopf, K.; Mrdovi¢, D.; Raunft, P.; Maher, T. E.; Cigler, M,; et al.
Profiling the proteome-wide selectivity of diverse electrophiles. Nat.
Chem. 2025, 17, 1712—1721.

(2) Cravatt, B. F.; Wright, A. T.; Kozarich, J. W. Activity-based protein
profiling: from enzyme chemistry to proteomic chemistry. Annu. Rev.
Biochem. 2008, 77, 383—414.

(3) Niphakis, M. J.; Cravatt, B. F. Ligand discovery by activity-based
protein profiling. Cell Chem. Biol. 2024, 31, 1636—1651.

(4) Hacker, S. M.; Backus, K. M.; Lazear, M. R;; Forli, S.; Correia, B.
E.; Cravatt, B. F. Global profiling of lysine reactivity and ligandability in
the human proteome. Nat. Chem. 2017, 9, 1181—1190.

(5) Weerapana, E.; Wang, C.; Simon, G. M.; Richter, F.; Khare, S.;
Dillon, M. B. D.; Bachovchin, D. A.; Mowen, K.; Baker, D.; Cravatt, B.

F. Quantitative reactivity profiling predicts functional cysteines in
proteomes. Nature 2010, 468, 790—795.

(6) Prosser, L.; Emenike, B.; Sihag, P.; Shirke, R.;; Raj, M. Chemical
carbonylation of arginine in peptides and proteins. . Am. Chem. Soc.
2025, 147, 10139—10150.

(7) Sahu, S.; Emenike, B.; Beusch, C. M.; Bagchi, P.; Gordon, D. E,;
Raj, M. Copper(I)-nitrene platform for chemoproteomic profiling of
methionine. Nat. Commun. 2024, 15, 4243.

(8) Paikin, Z. E.; Emenike, B.; Shirke, R.; Beusch, C. M.; Gordon, D.
E.; Raj, M. Acrolein-mediated conversion of lysine to electrophilic
heterocycles for protein diversification and toxicity profiling. J. Am.
Chem. Soc. 20285, 147, 5679—5692.

(9) Briine, D.; Andrade-Navarro, M. A.; Mier, P. Proteome-wide
comparison between the amino acid composition of domains and
linkers. BMC Res. Notes 2018, 9, 117.

(10) Robinson, N. E. Protein deamidation. Proc. Natl. Acad. Sci. U. S.
A. 2002, 99, 5283—5288.

(11) Hao, P.; Ren, Y.; Alpert, A.J.; Sze, S. K. Detection, evaluation and
minimization of nonenzymatic deamidation in proteomic sample
preparation. Mol. Cell. Proteomics 2011, 10, O111.009381.

(12) Riley, N. M.; Bertozzi, C. R;; Pitteri, S. J. A pragmatic guide to
enrichment strategies for mass spectrometry-based glycoproteomics.
Mol. Cell. Proteomics 2021, 20, 100029.

(13) Sun, S.; Shah, P.; Eshghi, S. T.; Yang, W.; Trikannad, N.; Yang, S.;
Chen, L,; Aiyetan, P.; Héti, N.; Zhang, Z.; Chan, D. W.; Zhang, H.
Comprehensive analysis of protein glycosylation by solid-phase
extraction of N-linked glycans and glycosite-containing peptides. Nat.
Biotechnol. 2016, 34, 84—88.

(14) Zielinska, D. F.; Gnad, F.; Wisniewski, J. R.; Mann, M. Precision
mapping of an in vivo N-glycoproteome reveals rigid topological and
sequence constraints. Cell 2010, 141, 897—907.

(15) Drake, P. M.; Cho, W.; Li, B.; Prakobphol, A.; Johansen, E.;
Anderson, N. L.; Regnier, F. E.; Gibson, B. W.; Fisher, S. J. Sweetening
the pot: adding glycosylation to the biomarker discovery equation. Clin.
Chem. 2010, 56, 223—236.

(16) Zhang, H.; Li, X. J.; Martin, D. B.; Aebersold, R. Identification
and quantification of N-linked glycoproteins using hydrazide chemistry,
stable isotope labeling and mass spectrometry. Nat. Biotechnol. 2003,
21, 660—666.

(17) Thaysen-Andersen, M.; Packer, N. H. Advances in LC-MS/MS-
based glycoproteomics: getting closer to system-wide site-specific
mapping of the N- and O-glycoproteome. Biochim. Biophys. Acta 2014,
1844, 1437—14852.

(18) Xu, S.; Yin, K; Xu, X;; Fu, L; Wy, R. O-GlcNAcylation reduces
proteome solubility and regulates the formation of biomolecular
condensates in human cells. Nat. Commun. 2025, 16, 4068.

(19) Ongay, S.; Boichenko, A; Govorukhina, N.; Bischoff, R.
Glycopeptide enrichment and separation for protein glycosylation
analysis. J. Sep. Sci. 2012, 35, 2341-2372.

(20) Lastovickova, M.; Strouhalova, D.; Bobalova, J. Use of Lectin-
based Affinity Techniques in Breast Cancer Glycoproteomics: A
Review. J. Proteome Res. 2020, 19, 1885—1899.

(21) Morgenstern, D.; Wolf-Levy, H.; Tickotsky-Moskovitz, N.;
Cooper, I; Buchman, A. S.; Bennett, D. A.; Beeri, M. S.; Levin, Y.
Optimized Glycopeptide Enrichment Method — It Is All About the
Sauce. Anal. Chem. 2022, 94, 10308—10313.

(22) Rafique, S.; Yang, S.; Sajid, M. S.; Faheem, M. A review of intact
glycopeptide enrichment and glycan separation through hydrophilic
interaction liquid chromatography stationary phase materials. J.
Chromatogr. A 2024, 1735, 465318.

(23) Maffioli, S. I; Marzorati, E.; Marazzi, A. Mild and Reversible
Dehydration of Primary Amides with PdCl, in Aqueous Acetonitrile.
Org. Lett. 2008, 7, 5237—5239.

(24) Al-Huniti, M. H.; River-Chévez, J.; Colén, K. L.; Stanley, J. L.;
Burdette, J. E.; Pearce, C. J; Oberlies, N. H.; Croatt, M. P.
Development and Utilization of a Palladium-Catalyzed Dehydration
of Primary Amides to Form Nitriles. Org. Lett. 2018, 20, 6046—6050.

https://doi.org/10.1021/acschembio.6c00173
ACS Chem. Biol. XXXX, XXX, XXX—XXX


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Benjamin+Emenike"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0009-0006-0367-2234
https://orcid.org/0009-0006-0367-2234
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="John+M.+Talbott"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-1579-1285
https://orcid.org/0000-0002-1579-1285
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zachary+E.+Paikin"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0009-0000-6480-9106
https://orcid.org/0009-0000-6480-9106
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Christian+M.+Beusch"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sohail+Khoshnevis"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="David+E.+Gordon"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acschembio.6c00173?ref=pdf
https://doi.org/10.1038/s41557-025-01902-z
https://doi.org/10.1146/annurev.biochem.75.101304.124125
https://doi.org/10.1146/annurev.biochem.75.101304.124125
https://doi.org/10.1016/j.chembiol.2024.08.006
https://doi.org/10.1016/j.chembiol.2024.08.006
https://doi.org/10.1038/nchem.2826
https://doi.org/10.1038/nchem.2826
https://doi.org/10.1038/nature09472
https://doi.org/10.1038/nature09472
https://doi.org/10.1021/jacs.4c14476?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c14476?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41467-024-48403-0
https://doi.org/10.1038/s41467-024-48403-0
https://doi.org/10.1021/jacs.4c12928?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c12928?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1186/s13104-018-3221-0
https://doi.org/10.1186/s13104-018-3221-0
https://doi.org/10.1186/s13104-018-3221-0
https://doi.org/10.1073/pnas.082102799
https://doi.org/10.1074/mcp.O111.009381
https://doi.org/10.1074/mcp.O111.009381
https://doi.org/10.1074/mcp.O111.009381
https://doi.org/10.1074/mcp.R120.002277
https://doi.org/10.1074/mcp.R120.002277
https://doi.org/10.1038/nbt.3403
https://doi.org/10.1038/nbt.3403
https://doi.org/10.1016/j.cell.2010.04.012
https://doi.org/10.1016/j.cell.2010.04.012
https://doi.org/10.1016/j.cell.2010.04.012
https://doi.org/10.1373/clinchem.2009.136333
https://doi.org/10.1373/clinchem.2009.136333
https://doi.org/10.1038/nbt827
https://doi.org/10.1038/nbt827
https://doi.org/10.1038/nbt827
https://doi.org/10.1016/j.bbapap.2014.05.002
https://doi.org/10.1016/j.bbapap.2014.05.002
https://doi.org/10.1016/j.bbapap.2014.05.002
https://doi.org/10.1038/s41467-025-59371-4
https://doi.org/10.1038/s41467-025-59371-4
https://doi.org/10.1038/s41467-025-59371-4
https://doi.org/10.1002/jssc.201200434
https://doi.org/10.1002/jssc.201200434
https://doi.org/10.1021/acs.jproteome.9b00818?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jproteome.9b00818?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jproteome.9b00818?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.analchem.2c00524?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.analchem.2c00524?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.chroma.2024.465318
https://doi.org/10.1016/j.chroma.2024.465318
https://doi.org/10.1016/j.chroma.2024.465318
https://doi.org/10.1021/ol052100l?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol052100l?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b02422?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b02422?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/acschemicalbiology?ref=pdf
https://doi.org/10.1021/acschembio.6c00173?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Chemical Biology

pubs.acs.org/acschemicalbiology

(25) Okabe, H.; Naraoka, A; Isogawa, T.; Oishi, S.; Naka, H.
Acceptor-Controlled Transfer Dehydration of Amides to Nitriles. Org.
Lett. 2019, 21, 4767—4770.

(26) Shipilovskikh, S. A.; Vaganov, V. Y.; Denisova, E. L; Rubtsov, A.
E.; Malkov, A. V. Dehydration of Amides to Nitriles under Conditions
of a Catalytic Appel Reaction. Org. Lett. 2018, 20, 728—731.

(27) Emenike, B.; Paikin, Z. E.; Talbott, J. M.; Lidskog, A.; Le, B. Q.
G.; Swaminathan, J; Anslyn, E. V,; Raj, M. Unlocking the Silent
Proteome: Chemoselective Asn/Gln Activation for Multidimensional
Protein Diversification. J. Am. Chem. Soc. 2026, 148, 11974—11990.

(28) Corley, M.; Burns, M. C.; Yeo, G. W. How RNA-binding proteins
interact with RNA: molecules and mechanisms. Mol. Cell 2020, 78, 9—
29.

(29) Adav, S. S. Advances in the Study of Protein Deamidation:
Unveiling Its Influence on Aging, Disease Progression, Forensics and
Therapeutic Efficacy. Proteomes 2025, 13, 24.

(30) Kato, K.; Nakayoshi, T.; Kurimoto, E.; Oda, A. Mechanisms of
deamidation of asparagine residues and effects of main-chain
conformation on activation energy. Int. J. Mol. Sci. 2020, 21, 7035.

(31) Nilsson, M. R.; Driscoll, M.; Raleigh, D. P. Low levels of
asparagine deamidation can have a dramatic effect on aggregation of
amyloidogenic peptides: implications for the study of amyloid
formation. Protein Sci. 2002, 11, 342—349.

(32) Dudek, E. J.; Lampi, K. J.; Lampi, J. A.; Shang, F.; King, J.; Wang,
Y.; Taylor, A. Ubiquitin proteasome pathway—mediated degradation of
proteins: effects due to site-specific substrate deamidation. Invest
Ophthalmol Vis Sci. 2010, $1, 4164.

(33) Deverman, B. E.; Cook, B. L.; Manson, S. R; Niederhoff, R. A.;
Langer, E. M,; Rosov4, L; Kulans, L. A; Fu, X; Weinberg, J. S;
Heinecke, J. W.; et al. Bcl-xL. deamidation is a critical switch in the
regulation of the response to dna damage. Cell 2002, 111, S1—62.

(34) Capasso, S.; Salvadori, S. Effect of the three-dimensional
structure on the deamidation reaction of ribonuclease A. J. Pept. Res.
1999, 54, 377—-382.

(35) Hasan, Q.; Alluri, R. V.; Rao, P.; Ahuja, Y. R. Role of glutamine
deamidation in neurodegenerative diseases associated with triplet
repeat expansions. J. Mol. Neurosci. 2006, 29, 29—33.

(36) Wang, X.; Swensen, A. C.; Zhang, T.; Pichowski, P. D.; Gaffrey,
M. J; Monroe, M. E; Zhu, Y,; Dong, H.,; Qian. W.-] Accurate
identification of deamidation and citrullination from global shotgun
proteomics data using a dual-search delta score strategy. J. Proteome Res.
2020, 19, 1863—1872.

(37) Hoare, M.; Tan, R;; Welle, K. A.; Swovick, K.; Hryhorenko, J. R.;
Ghaemmaghami, S. Methionine Alkylation as an Approach to Quantify
Methionine Oxidation Using Mass Spectrometry. ]. Am. Mass.
Sprectrom. 2024, 35, 433—440.

(38) Kovalyova, Y.; Bak, D. W.; Gordon, E. M.; Fung, C.; Shuman, J.
H. B.; Cover, T. L.; Amieva, M. R.; Weerapana, E.; Hatzios, S. K. An
infection-induced oxidation site regulates legumain processing and
tumor growth. Nat. Chem. Biol. 2022, 18, 698—705.

(39) Chan, A. W.; Chen, X; Falco, J. A.; Bak, D. W.; Weerapana, E.; Li,
B. Chemoproteomics Reveals Disruption of Metal Homeostasis and
Metalloproteins by the Antibiotic Holomycin. ACS Chem. Biol. 2023,
18, 1909—-1914.

(40) Bak, D. W.; Weerapana, E. Monitoring Fe-S cluster occupancy
across the E. coli proteome using chemoproteomics. Nat. Chem. Biol.
2023, 19, 356—366.

(41) Jia, L.; Sun, Y. Protein asparagine deamidation prediction based
on structures with machine learning methods. PLoS One 2017, 12,
No. e0181347.

(42) Zielinska, D. F.; Gnad, F.; Schropp, K.; Wisniewski, J. R.; Mann,
M. Mapping N-glycosylation sites across seven evolutionarily distant
species reveals a divergent substrate proteome despite a common core
machinery. Mol. Cell 2012, 46, 542—548.

(43) Cutler, J. E. N-glycosylation of yeast, with emphasis on Candida
albicans. Med. Mycol. 2001, 39, 75—86.

(44) Dos Reis Almeida, F. B.; Carvalho, F. C.; Mariano, V. S.; Alegre,
A. C.P,; Silva, R. D.; Hanna, E. S.; Roque-Barreira, M. C. Influence of
N-glycosylation on the morphogenesis and growth of paracoccidioides

brasiliensis and on the biological activities of yeast proteins. PLoS One
2011, 6, No. €29216.

(45) Lee, Y.]J.; Kim, D.; Hou, Z.; Corry, P. M. Effect of tunicamycin on
glycosylation of a 50 kDa protein and thermotolerance development. J.
Cell. Physiol. 1991, 149, 202—207.

(46) Yamada, 1; Shiota, M.; Shinmachi, D.; Ono, T.; Tsuchiya, S.;
Hosoda, M.; Fujita, A.; Aoki, N. P.; Watanabe, Y.; Fujita, N.; Angata, K,;
Kaji, H.; Narimatsu, H.; Okuda, S.; Aoki-Kinoshita, K. The
GlyCosmosPortal: a unified and comprehensive web resource. For
the glycosciences. Nat. Methods 2020, 17, 649—650.

(47) Guha, P.; Kaptan, E,; Gade, P.; Kalvakolanu, D. V.; Ahmed, H.
Tunicamycin induced endoplasmic reticulum stress promotes
apoptosis of prostate cancer cells by activating mTORCI1. Oncotarget
2017, 8, 68191—68207.

(48) Read, A; Schroder, M. The Unfolded Protein Response: An
Overview. Biology 2021, 10, 384.

(49) Wagener, J.; Weindl, G.; de Groot, P. W. J.; de Boer, A. D;
Kaesler, S.; Thavaraj, S.; Bader, O.; Mailinder-Sanchez, D.; Borelli, C,;
Weig, M.; et al. Glycosylation of Candida albicans cell wall proteins is
critical for induction of innate immune responses and apoptosis of
epithelial cells. PLoS One 2012, 7, No. e50518.

(50) Munro, C. A,; Bates, S.; Buurman, E. T.; Hughes, H. B,;
Maccallum, D. M.; Bertram, G.; Atrih, A.; Ferguson, M. A.; Bain, J. M.;
Brand, A,; et al. Mntlp and Mnt2p of Candida albicans are partially
redundant alpha-1,2-mannosyltransferases that participate in O-linked
mannosylation and are required for adhesion and virulence. J. Biol.
Chem. 2005, 280, 1051—1060.

(51) Bates, S.; MacCallum, D. M.; Bertram, G.; Munro, C. A.; Hughes,
H. B,; Buurman, E. T.; Brown, A. J. P.,; Odds, F. C;; Gow, N. A. R.
Candida albicans Pmrlp a secretory pathway P-type Ca2+/Mn2 +
ATPase, is required for glycosylation and virulence. J. Biol. Chem. 2008,
280, 23408—23415.

(52) Perez-Riverol, Y.; Bandla, C.; Kundu, D. J.; Kamatchinathan, S.;
Bai, J.; Hewapathirana, S.; John, N. S.; Prakash, A.; Walzer, M.; Wang,
S.; Vizcaino, J. A. The PRIDE database at 20 years: 2025 update. Nucleic
Acids Res. 2025, 53, D543—DS553.

CAS BIOFINDER DISCOVERY PLATFORM™

PRECISION DATA
FOR FASTER
DRUG
DISCOVERY

CAS BioFinder helps you identify
targets, biomarkers, and pathways

Unlock insights

https://doi.org/10.1021/acschembio.6c00173
ACS Chem. Biol. XXXX, XXX, XXX—XXX


https://doi.org/10.1021/acs.orglett.9b01657?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.7b03862?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.7b03862?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5c22184?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5c22184?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5c22184?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.molcel.2020.03.011
https://doi.org/10.1016/j.molcel.2020.03.011
https://doi.org/10.3390/proteomes13020024
https://doi.org/10.3390/proteomes13020024
https://doi.org/10.3390/proteomes13020024
https://doi.org/10.3390/ijms21197035
https://doi.org/10.3390/ijms21197035
https://doi.org/10.3390/ijms21197035
https://doi.org/10.1110/ps.48702
https://doi.org/10.1110/ps.48702
https://doi.org/10.1110/ps.48702
https://doi.org/10.1110/ps.48702
https://doi.org/10.1167/iovs.09-4087
https://doi.org/10.1167/iovs.09-4087
https://doi.org/10.1016/S0092-8674(02)00972-8
https://doi.org/10.1016/S0092-8674(02)00972-8
https://doi.org/10.1034/j.1399-3011.1999.00111.x
https://doi.org/10.1034/j.1399-3011.1999.00111.x
https://doi.org/10.1385/JMN:29:1:29
https://doi.org/10.1385/JMN:29:1:29
https://doi.org/10.1385/JMN:29:1:29
https://doi.org/10.1021/acs.jproteome.9b00766?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jproteome.9b00766?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jproteome.9b00766?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jasms.3c00337?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jasms.3c00337?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41589-022-00992-x
https://doi.org/10.1038/s41589-022-00992-x
https://doi.org/10.1038/s41589-022-00992-x
https://doi.org/10.1021/acschembio.3c00360?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acschembio.3c00360?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41589-022-01227-9
https://doi.org/10.1038/s41589-022-01227-9
https://doi.org/10.1371/journal.pone.0181347
https://doi.org/10.1371/journal.pone.0181347
https://doi.org/10.1016/j.molcel.2012.04.031
https://doi.org/10.1016/j.molcel.2012.04.031
https://doi.org/10.1016/j.molcel.2012.04.031
https://doi.org/10.1080/mmy.39.1.75.86
https://doi.org/10.1080/mmy.39.1.75.86
https://doi.org/10.1371/journal.pone.0029216
https://doi.org/10.1371/journal.pone.0029216
https://doi.org/10.1371/journal.pone.0029216
https://doi.org/10.1002/jcp.1041490205
https://doi.org/10.1002/jcp.1041490205
https://doi.org/10.1038/s41592-020-0879-8
https://doi.org/10.1038/s41592-020-0879-8
https://doi.org/10.1038/s41592-020-0879-8
https://doi.org/10.18632/oncotarget.19277
https://doi.org/10.18632/oncotarget.19277
https://doi.org/10.3390/biology10050384
https://doi.org/10.3390/biology10050384
https://doi.org/10.1371/journal.pone.0050518
https://doi.org/10.1371/journal.pone.0050518
https://doi.org/10.1371/journal.pone.0050518
https://doi.org/10.1074/jbc.M411413200
https://doi.org/10.1074/jbc.M411413200
https://doi.org/10.1074/jbc.M411413200
https://doi.org/10.1074/jbc.M502162200
https://doi.org/10.1074/jbc.M502162200
https://doi.org/10.1093/nar/gkae1011
pubs.acs.org/acschemicalbiology?ref=pdf
https://doi.org/10.1021/acschembio.6c00173?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://www.cas.org/solutions/biofinder-discovery-platform?utm_campaign=GLO_ACD_STH_BDP_AWS&utm_medium=DSP_CAS_PAD&utm_source=Publication_ACSPubs

