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Abstract

Mass-tolerant open search methods allow the high-throughput analysis of modified peptides by mass
spectrometry. These techniques have paved the way to unbiased analysis of post-translational
modifications (PTMs) in biological contexts, as well as of chemical modifications produced during the
manipulation of protein samples. In this work, we have analyzed in-depth a wide variety of samples of
different biological origin, including cells, extracellular vesicles, secretomes, centrosomes and tissue
preparations, using Comet-ReCom, a recently improved version of the open search engine Comet-
PTM. Our results demonstrate that glutamic acid residues undergo intensive methyl esterification when
protein digestion is performed using in-gel techniques, but not using gel-free approaches. This effect

was highly specific to Glu and was not found for other methylable residues such as Asp.
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PTMs are known to exert a pivotal role in the control of signaling cascades and protein structure and
functionality by regulating protein localization, activity, folding, interaction and stability, and in recent
years have been implicated in pathological processes as tumorigenesis [1], neurodegeneration [2, 3]
and atherosclerosis [4]. While mass spectrometry (MS) is the method of choice for PTM identification
and quantitation, conventional (also termed closed) database search approaches followed in
proteomics research rely on matching exact mass differences, therefore restricting PTM analyses to a
few modifications (typically less than four) to keep a reasonably sized search space. This limitation has
been circumvented in recent years by mass-tolerant database searching methods [5] such as

MSFragger [6], Comet-PTM [7] or Comet-ReCom, a recently improved version of the former [8].

Re-analyses with Comet-ReCom of the LC-MS/MS data from centrosomal-enriched fractions obtained
from human T lymphocytes [9] to study the presence of PTMs revealed a strikingly high proportion of
the total peptide-spectrum matches (PSMs) bearing a +14.01565 Da maodification (corresponding to
methylation, (see Suppl. Fig. 1) at Glu residues (3,48% with this modification) (see ‘proteome identifier
5 in Fig. 1B). These samples were processed using the in-gel digestion procedure, a technique that is
advantageous in some contexts because it uses the gel matrix as a reaction chamber to eliminate
contaminants or for the addition and washing of reagents [10]. There is previous preliminary evidence,
based on MS analysis of a very limited number of peptides (5) that the acidified methanol solutions
used for gel staining/destaining may produce artifactual methylation of Glu and, to a lesser extent, of
other residues such as Asp [11]. This is a well-known reaction whereby a carboxylic acid undergoes
esterification by an alcohol in acidic medium. However, in our case the methylation appeared to be
highly specific to Glu, being virtually undetectable in Asp (<0.1%, 35-fold lower than Glu) or other
residues amenable to methylation (i.e. Lys, Arg, Glu, His, Asn, GIn, and Cys) (‘proteome identifier 5’ in
Fig. 1B). This was particularly remarkable given the high similarity between Glu and Asp, which differ

only in the presence of an extra methylene group in the side chain of the former. We therefore decided


https://doi.org/10.1101/2024.03.15.585290

60
61

62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78
79
80
81
82
83

bioRxiv preprint doi: https://doi.org/10.1101/2024.03.15.585290; this version posted March 17, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

to take advantage of open search methods to analyze this effect in more detail in a wide range of

samples of different origins.

We applied Comet-ReCom to the analysis of distinct cell, extracellular vesicle, secretome, centrosome
and tissue preparations digested either in-gel (using acidified methanol in the staining/destaining
procedure) [12] or on-filter (without methanol) [13] (Fig. 1A, see Supplementary Table 1). We found a
considerably higher prevalence of the +14.01565 Da modification at Glu residues in the proteomes
digested in-gel as compared to on-filter digestion (Fig. 1B), but not at Asp or other methylable residues,
strongly suggesting that the modification produced by in-gel treatments was highly specific for Glu. Of
note, the prevalence of Asp residues bearing the +14.01565 Da modification was very low in
comparison and was not affected by the digestion method (Fig. 1C). Note also that the relative
abundance of Glu and Asp residues was quite similar across all the proteomes analyzed (Fig. 1D),
ruling out the possibility that this effect was due to a higher Glu abundance in these samples. To further
verify the Glu specificity towards the in-gel digestion artefact, we applied Comet-Recom to LC-MS/MS
data obtained from the same set of mouse embryonic fibroblast samples digested using both in-gel and
on-filter protocols [14]. The results confirmed that the in-gel protocol produces a highly specific methyl

esterification of Glu but not of other methylable residues (see ‘proteome identifiers 6 and 30’ in Fig. 1B).

The markedly different reactivity of Glu and Asp residues towards methanol in acidic media may be
attributed to the distinct interaction of the side-chain carboxy group with the peptide backbone [11]. It is
noteworthy that, despite their chemical similarity, significant differences between Glu and Asp reactivity
have been recently reported using molecular dynamics simulations [15]. Regarding the other
methylable residues, the reaction of methanol with His, Lys and Arg residues is hindered in acidic
media due to the protonation of their side chains. These results were also observed in other proteomic
data generated by other research groups (Fig. 1B protein identifiers 7, 8 and 31) (16,17). Our

observation that in-gel digestion methods produce a highly specific methylation of Glu will serve the
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proteomics community to better interpret open search-based PTM analysis performed using this

technique.

Figure Legends

Figure 1: (A) Schematic representation of the unbiased PTM analysis based on Comet-ReCom open
database search, performed with different cell, extracellular vesicle (EV), secretome, centrosome and
tissue preparations digested in-gel or on-filter. (B) Amino acid distribution in methylable residues of the
+14.01565 Da modification across the cell, extracellular vesicle, secretome, centrosome and tissue
samples digested in-gel or on-filter (see Supplementary Information). (C) Percentage Glu and Asp
residues bearing the +14.01565 Da modification across the cell, extracellular vesicle, secretome,
centrosome and tissue samples digested in-gel or on-filter. (D) Percentage of PSMs containing Asp or

Glu across samples.
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