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22 Searching deep proteome data for 9 NCI-60 cancer cell lines obtained earlier by Moghaddas
23 Gholami et al. (Cell Reports, 2013) against a database from cancer genomes returned a
24 variant tryptic peptide fragment 57-72 of molecular chaperone HSC70, in which methionine

25residue at 61 position is replaced by threonine, or isothreonine (homoserine), residue.
26However, no traces of the corresponding genetic alteration were found in the cell line
27genomes reported by Abaan et al. (Cancer Research, 2013). Studying on the background of
28this modification led us to conclude that a conversion of methionine into isothreonine
29resulted from iodoacetamide treatment of the probe during a sample preparation step. We
30found that up to 10% of methionine containing peptides experienced the above conversion
31for the datasets under study. The artifact was confirmed by model experiment with bovine
32albumin, where three of four methionine residues were partly converted to isothreonine
33by conventional iodoacetamide treatment. This experimental side reaction has to be
34taken into account when searching for genetically encoded peptide variants in the
35proteogenomics studies.
36

37Biological significance
38A lot of effort is currently put into proteogenomics of cancer. Studies detect non-
39synonymous cancer mutations at protein level by search of high-throughput LC–MS/MS
40data against customized genomic databases. In such studies, much attention is paid to
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41 potential false positive identifications. Here we describe one possible cause of such false
42 identifications, an artifact of sample preparation which mimics methionine to threonine
43 nucleic acid-encoded variant. The methionine to isothreonine conversion should be taken
44 into consideration for correct interpretation of proteogenomic data.
45 © 2015 Published by Elsevier B.V.
54
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5859 1. Introduction

60 Recent introduction of mass-spectrometers with high mass
61 accuracy and high resolving power, such as the Orbitrap [1], to
62 proteomics has dramatically improved the capabilities of
63 HPLC-MS/MS-based bottom-up proteome analysis. These
64 advances enabled a dozen of thousands of tryptic peptides
65 and several thousands of protein groups being identified with
66 high confidence in a single experimental run [2–4]. In these
67 experiments the LC–MS/MS data is analyzed by a database
68 search using an applicable search engine [5] or a variety of
69 different search engines applied to the same datasets [6].
70 However, database search generates “the streetlight effect”,
71 i.e. only those peptides may be found, which are predicted
72 from the custom genomic database. Thus, a plethora of mass
73 spectra used to be abandoned and not assigned to any peptide
74 sequence. A number of alternative approaches to peptide
75 identifications based on de novo sequencing have also been
76 developed [7–11]. A method for accounting of the missing
77 information in the protein database using a coding genome
78 polymorphism data has been explored recently [12]. In
79 general, a use of one or more custom DNA and/or mRNA
80 sequence databases for LC–MS/MS data search is becoming a
81 current trend in identifying the encoded variants of amino
82 acid sequence that originated from single amino acid poly-
83 morphism or alternative splicing [13]. These areas of research,
84 as well as the studies on genome re-annotations using
85 proteomics data, are often referred to as proteogenomics
86 [14]. Cancer proteogenomics is especially an important case of
87 using the customized sequence databases because of a large
88 amount of biologically relevant non-synonymous somatic
89 mutations across the tumor genomes [15–17].

90 One of the challenges associated with the large size of the
91 database that combined several genomes is the growing level of
92 false positive identifications, whichmay constitute a significant
93 portion of proteogenomic results [18]. Moreover, a number of
94 chemical and post-translational modifications mimic single
95 amino acid variants. One of the most obvious examples is
96 spontaneous asparagine and glutamine deamidations that
97 resulted in aspartic and glutamic acid residues, respectively
98 [19]. Thesemodifications occurring both in vivo and in vitro are
99 indistinguishable from genetically encoded point mutations of
100 Asn to Asp or Gln to Glu in the proteins.
101 In this work, we describe yet the other chemical modifi-
102 cation which may produce false positive identification of
103 peptides in shotgun proteogenomics study by imitation of
104 genetically encoded mutations. This is methionine to
105 isothreonine (homoserine) in vitro conversion which mimics
106 methionine to threonine mutation. Analyzing publicly avail-
107 able data of NCI-60 cancer cell line proteomes [20], we found
108 that the scale of this artifact can be significant to affect the
109 interpretation of the results of proteogenomics studies. In
110 order to explore the above conversion and distinguish MS/MS

111spectra of peptides containing isothreonine or threonine
112residues at the same locations in the sequences, synthetic
113peptides were obtained and their mass spectra were ana-
114lyzed. Bovine serum albumin was used to confirm methio-
115nine to isothreonine conversion during conventional sample
116preparation for shotgun proteome analysis.

1171182. Materials and methods

1192.1. Modified database for search of shotgun proteome data

120NCI-60 cell line data were downloaded from the web at http://
121wzw.tum.de/proteomics/nci60 [20]. The concatenated data-
122base comprised the UniProt complete human proteome
123database (release from January 2013; 87,638 records) and the
124colon cancer database generated from available genomic
125data [21] (127,486 records) were used for peptide identifica-
126tion. The search of the data against the modified database
127was performed using X!Tandem, Mascot and Andromeda
128search engines using so-called separate FDR, or one-by-one
129approach as described in [16,22].

1302.2. Peptide and protein identification and quantification

131In order to determine the relative abundances of peptides and
132proteins, intensity-based label-free quantification was used
133with a minimum of two unique peptides. All raw files were
134reprocessed using MaxQuant package, version 1.5.2.8 [23],
135which has Andromeda as a database search engine. The
136MaxQuant analysis included an initial search with precursor
137mass tolerance of 20 ppm, the results of which were used for
138mass recalibration. In the main Andromeda search, precursor
139and the fragment mass tolerances were set to 6 ppm and
14020 ppm, respectively. The search included variable modifica-
141tions, such as methionine oxidation, deamidation of aspara-
142gine and glutamine and N-terminal acetylation, as well as
143carbamidomethyl cysteine as a fixed modification. The mini-
144mal peptide length was set to seven amino acids and a
145maximum of two missed cleavages was allowed. The false
146discovery rate (FDR) was set to 1% for both peptide and protein
147identifications.
148Global analysis of М/(iso)Т conversion in NCI-60 cell line
149deep proteomes was performed using X!Tandem search
150engine [24], version 2012.10.01.1, and MPscore post-search
151validation tools [25]. The precursor and the fragment mass
152tolerances were 15 ppm and 0.03 Da for the X!Tandem search,
153respectively. Carbamidomethylation of C (+57.021464) was
154applied as fixed modification and N-terminal acetylation
155(+42.010565) was used as potential modification. Enzyme
156specificity was set to “trypsin” with maximum of 2 missed
157cleavages. The UniProt complete human proteome database
158was used for all X!Tandem searches. The total number of
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