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Abstract: Our research objective was to investigate the use of 4’-formylbenzo-18-crown-6-ether (4fb18C6) for the covalent labelling of peptides
for unambiguous peptide identification. Specifically, 23 peptides were analysed using a coupled system of liquid chromatography and tandem
mass spectrometry with electrospray ionization to test de novo sequencing of derivatized and intact peptides. The reaction was optimized for
reductive amination to be performed in an aqueous medium at pH 6 using the microwave radiation. After matching the tandem mass spectra
of derivatized and intact peptides in the range of +0.005 Da, the chemical noise was reduced by up to 90 % and six proteins from 17 different
species were identified using the BLASTp algorithm (NCBInr and UniProtkKB/Swiss-Prot databases). Species identification enabled further
accelerated database search using the classical method of mass spectra database matching. The presented method enables reliable de novo
sequencing of peptides and represents a new tool for species identification.
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INTRODUCTION

APID advances in nucleic acid sequencing have revo-

lutionized biological research by increasing through-
put and accuracy while reducing overall costs.[!l However,
the development of protein sequencing methods has
lagged significantly, although the first complete amino acid
sequence dates back to the early 1950s when Sanger and
his team elucidated the primary structure of insulin.l2l They
devoted nearly a decade to deciphering its sequence
through a combination of enzymatic digestion, chemical
derivatization with 1-fluoro-2,4-dinitrobenzene (FDNB) and
paper chromatography. Around the same time, Pehr
Edman developed the first sequential method that involved
N-terminal derivatization with phenyl isothiocyanate (PITC)
and yielded phenyltiohidantoin (PTH) amino acids, which
were initially analysed by paper chromatography.! In 1967
Edman and Begg introduced the protein sequencer, an
automated amino acid sequencing instrument that could

perform approximately 15 degradation cycles in 24 hours.!4
Later, the overall efficiency of PTH amino acid detection
was increased and improved through the use of reversed
phase-high performance liquid chromatography (RP-HPLC)
and gas phase sequencing, which reduced the duration of
the degradation cycle and the amount of peptide required
for analysis.l5] Although other derivatization reagents such
as dansyl chloridel®! and o-phthalaldehyde (OPA)”] were
used to improve quantification limits, the Edman
degradation reaction remained the only sequential method
for determining the amino acid sequence in peptides and
proteins until the 1990s, when the rise of mass
spectrometry (MS)-based proteomics began. The advances
in MS technology and the advantages of soft ionization
techniques, electrospray ionization (ESI)® and matrix-
assisted laser desorption ionization (MALDI),% enabled MS
techniques to take a leading role in protein research due to
the speed of analysis, sensitivity and quality of amino acid
sequence data obtained from complex protein samples.[10]
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With the introduction of soft ionization techniques, the
development of methods for the analysis of proteins and
peptides has focused on improving the quality of the data
sets obtained and on algorithms that facilitate the de novo
identification of peptides./*!l One way to reduce matrix
interferences and increase the signal-to-noise ratio is to
generate simpler tandem MS spectra by peptide derivati-
zation. Derivatization involves modifying certain amino
acid residues or peptide termini (N-/C-) to improve ioniza-
tion and fragmentation in tandem mass spectrometry.[12]
In other words, derivatization directs fragmentation
towards increased formation of b- and y-series ions, allow-
ing for easier interpretation of tandem mass spectra.[!3]
One of the most commonly used techniques for successful
ion activation is collision-induced/activated dissociation
(CID/CAD). The activation in the collision cell is triggered
by the interaction between analyte ions and an inert gas,
such as argon, helium or nitrogen. The obtained tandem
mass spectra provide data on both the peptide precursor
ion and the resulting fragment ions.[*4 The first significant
advance in de novo amino acid sequencing by derivatiza-
tion of the N-terminus of peptides with sulfonation was
achieved by Keough et al. They introduced two different
sulfonation reagents for labelling the N-terminus of pep-
tides: the cyclic anhydride of 2-sulfobenzoic acid and
(chlorosulfonyl)acetyl chloride.[*s] The method has been
used effectively to identify proteins from peptide
mixtures and to uniquely identify proteins isolated after
two-dimensional gel electrophoresis protein separation.
Since then, the development of derivatization reagents
has focused on the creation of synthetic molecules that
react selectively, generate simple spectra, and ultimately
facilitate the detection and identification of amino acid
sequences.!’6-191 With this in mind, this study applies a
novel methodology using the well-known Schiff base
reaction with the aid of microwave irradiation.
Specifically, the N-terminus of the peptides is covalently
labelled with 4'-formylbenzo-18-crown-6-ether (4fb18C6).

Crown ethers (CEs) are macrocyclic polyethers
usually containing 3-20 oxygen atoms separated by two or
more carbon atoms.[20 The first CEs were synthesized by J.
Pedersen in the 1960s when he studied the coordination
chemistry and complexation of vanadium and copper.21 In
addition to their ability to form complexes, especially with
inorganic and organic cations, as well as anions, CE serve as
sensors.[22]

In the context of using CEs as compounds to facili-
tate the structural analysis of proteins by mass
spectrometry, two techniques stand out. The first
technique developed by Juliann et al. represents an
innovative approach known as selective noncovalent
adduct protein probing mass spectrometry (SNAPP-MS),

a sensitive method for analysing the structural effects of
protein—-metal interactions.[23] SNAPP-MS is based on
the selective binding of a CE to the protonated forms of
basic amino acid residues and facilitates the rapid identi-
fication and characterization of protein sequence, struc-
ture, and conformational changes. The second
technique was developed by Craeser et al. in which CEs
are used as shift reagents in experiments with ion
mobility spectrometers. Shift reagents are defined as
species that react or complex with an analyte, resulting
in the formation of a lower mobility gas phase ion. This
process increases drift time and improves separation.[24]
Bohrer and Clemmer conducted a study in which they
investigated 18-crown-6 ether (18C6) as a shift reagent
for multidimensional ion mobility spectrometry-mass
spectrometry (IMS/IMS-MS) analyses of tryptic protein
digests. This approach improved the IMS-IMS peak
capacity and revealed additional peptides compared to
IMS-IMS alone.[?5] The results of the theoretical and
experimental analyses performed by Chen et al.
demonstrate the formation of stable non-covalent
complexes between 18C6 and protonated amines. The
complex formation occurs through hydrogen bonds
between the hydrogen atom of the protonated amine
and the oxygen of the CE.[26.27] |n addition, the results of
the study performed by Buhl et al. showed that 18C6
forms stable complexes with hydronium ions through
linear hydrogen bonds involving three hydrogen atoms
of the hydronium ion and three oxygen atoms of the
CE.[28] Recent studies indicate that CE can abstract a
proton or a protonated molecule from protonated pep-
tides after activation by collisions in argon or electron
capture/transfer. Furthermore, these studies have
shown that CEs are able to change their binding site
after electron transfer.[29] Based on these results, we
performed a series of CID-MS experiments in positive
ion mode with intact and derivatized peptides using ESI
to investigate the effects of labelling the N-terminus of
peptides with 4fb18C6 as a potential reagent for de novo
sequencing. The derivatization reaction takes place
between the formyl group of 4fb18C6 and the amino
group of the peptide under slightly acidic conditions (pH
6). This leads to the formation of an imine, which is
subsequently reduced in the second step of the reaction
with sodium cyanoborohydride, as described in detail in
previous research.l'® In addition to selective labelling
the N-terminus of peptides obtained by trypsin
digestion, the aim of this study was to reduce the large
amount of data from MSE analysis without significantly
compromising data quality to enable reliable de novo
sequencing and species identification through a
database search.
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EXPERIMENTAL

Chemicals and Materials

Ammonium bicarbonate, formic acid, leucine-enkephalin,
isopropanol, porcine pancreatic trypsin, potassium hydrox-
ide and trifluoroacetic acid (TFA) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile (ACN),
potassium dihydrogen phosphate and tris(2-carboxyethyl)
phosphine (TCEP) were purchased from Merck Millipore
(Darmstadt, Germany). Sodium cyanoborohydride was
purchased from G-Biosciences (St. Louis, MO, USA).
4'-formylbenzo-18-crown-6-ether (4fb18C6) was purchased
from Abcr (Karlsruhe, Germany). Bovine serum albumin
(BSA), human serum albumin (HSA), and human plasma
transferrin were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Elongation factor Tu (EF Tu), isoleucine-tRNA
ligase (lle-RS) and valine-tRNA ligase (Val-RS) were synthe-
sized at the Department of Chemistry, Faculty of Science,
University of Zagreb. All chemicals used were of analytical
grade. All solutions were prepared with ultrapure water
(18 MQ cm), which was generated in-house using a Milli-Q
system from Merck Millipore (Darmstadt, Germany). Resin-
free AssayMAP cartridges with a volume of 5 uL were pur-
chased from Agilent Technologies (St. Clara, CA, USA), and
mixed cation exchange (MCX) stationary phase was pur-
chased from Waters (Milford, MA, USA).

Peptide Preparation and Derivatization
Procedure

The proteins (1 mg) were dissolved in 800 uL 50 mmol L1
ammonium bicarbonate (pH 7.8) and reduced with 200 pL
20 mmol L' TCEP solution for 15 minutes at room
temperature. Protein digestion was performed by mixing
10 pL protein solution (1 mg mL™1) and 1 pL trypsin solution
(0.2 mg mL™1) and incubating on the thermal shaker for
18 h at 37 °C and 350 rpm. After digestion, the peptides
were dried in a vacuum centrifuge to obtain 10 pg of solid
peptides per sample. The dried peptides were dissolved in
30 pL of a freshly prepared derivatization solution
containing 23.5 mmol L1 4fb18C6 and 95.5 mmol L
sodium cyanoborohydride dissolved in 10 mmol L1 potas-
sium dihydrogen phosphate (pH 6.0). The derivatization
reaction was carried out in a domestic microwave oven at
180 W for 8 min, in a closed 2 mL plastic Eppendorf tube.
The tube was placed on a plastic stand in the centre of the
microwave plate and rotated during the reaction to en-sure
homogeneous microwave irradiation of the sample.

Positive Pressure-Micro Solid Phase
Extraction (PP-uSPE)
Prior to LC-MS/MS analysis, 70 uL of ultrapure water was
added to the derivatized peptides and the resulting solu-

tion of 0.1 mg mL™! tryptic peptides was purified using the
automated clean-up protocol on the PosiTip liquid handling
platform (Bene lab, Zagreb, Croatia). Peptides were purified
using a 5 L resin-free cartridge filled with MCX stationary
phase. The clean-up protocol started with conditioning of
the stationary phase with 100 uL of the priming buffer
(100 % methanol) and 100 pL of the equilibration buffer
(ultrapure water). The peptide mixture was loaded onto the
cartridge and rinsed in three cycles with 100 pL of the
equilibration buffer. Finally, the derivatized and purified
peptides were eluted with 25 pL of the elution buffer (10 %
ACN in 90 % of 1 % ammonium hydroxide). The purification
led to a final concentration of the peptide solution of
0.4 mg mL™L,

NanoUPLC-ESI-QTOF Analysis

Peptide samples were separated on a nanoAcquity UPLC
system from Waters (Milford, MA, USA) equipped with a
nanoAcquity UPLC 2G-V/M Symmetry C18 Trap Column
(100 A, 5 pm, 180 pm - 20 mm) and a nanoAcquity UPLC
BEH C18 Analytical Column (130 A, 1.7 um, 100 um -
100 mm). The column temperature was set to 40 °C and the
injection volume was 0.2 pL. The mobile phase A was
aqueous 0.1 % formic acid and the mobile phase B was
0.1 % formic acid in 95 % acetonitrile. The isocratic addition
of solvent A to the trap column was performed at a flow
rate of 15 puL min for two minutes. The samples were eluted
under gradient elution conditions with a flow rate of 1 pL
min~! and a run time of 32 minutes. The following elution
gradient was used: 0—3 min, 80 % solvent A; 3—24 min, 45 %
solvent A; 24-27 min, 1 % solvent A; 27-29 min, 80 %
solvent A; 29-32 min, 80 % solvent A.

The nanoUPLC system was coupled to the Synapt G2-
Si nanoESI-QTOF mass spectrometer (Waters, Milford, MA,
USA), and instrument parameters were set using MassLynx
software v. 4.1. (Waters, Milford, MA, USA). MS and MSE
data were acquired in resolution acquisition mode. The
parameters were set as follows: nitrogen flow of 1.1 bar at
a source temperature of 80 °C, and the capillary voltage
was set to 4.2 kV in positive ion mode. The cone voltage
was set to 40 V, and the spectrum acquisition time was 1 s
for both MS and MSE analysis. The collision energy for MSE
analysis was ramped from 20 to 45 eV. Mass accuracy of
the raw data was achieved by infusion of 1 ng pL-! leucine-
enkephalin dissolved in isopropanol and 0.1 % formic acid
ataratio 1:1, at a flow rate of 0.5 pL min-1. MS data were
collected in the mass range from 500 to 3000 Da, while the
mass range for MSE was from 50 to 4200 Da.

Noise Reduction and Data Matching
After the analysis of intact and derivatized trypsin-digested
peptides, the raw data were exported in the form of
fragment ions with corresponding m/z values, intensities
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and precursor ion masses. The exported data format served
as an input file for the peptide de novo sequencing tool. To
investigate the potential application of 4fb18C6 as a
derivatization reagent for de novo sequencing, peptides of
different sizes and different amino acid compositions were
analysed. Prior to analysis with the de novo peptide
sequencing tool, an overlay of the above data was per-
formed. By overlaying the data of intact and derivatized
peptide fragment ions, chemical noise should be reduced.
Chemical noise is defined as any signal that does not
contribute to an unambiguous interpretation of the pep-
tide sequence by de novo sequencing or its assighment by
database alignment.3% In the overlay, corresponding m/z
values of derivatized and intact fragment ions were
assigned with a mass difference of +0.005 Da for each
individual fragment ion. The aim of this approach was to
reduce the large amount of data while maintaining data
quality, thus simplifying the identification and determina-
tion of amino acid sequences from tandem MS spectra.

Data Processing and de novo Sequencing

The unreduced data of intact peptides and the reduced
data obtained by the overlap described in the previous
section, Noise reduction and data matching, were analysed
using the DeNovo Explorer tool, which is part of the GPS
Explorer TM software package (v. 3.6 Applied Biosystems,
Framingham, MA, USA). The parameters of the analysis
were set as follows: enzyme: trypsin, number of sequences:
10, mass tolerance: 0.05 Da. The amino acid sequences
obtained from the analysis of both datasets were
superimposed in order to determine matches in which the
same amino acids occur at the corresponding indices. The
usual rule for de novo sequencing that isoleucine/leucine
(isobaric) cannot be distinguished was taken into account
Bl and same was considered for glutamine/lysine (nearly
isobaric) as DeNovo Explorer software provides for a
minimum mass difference of 0.05 Da, which is less than
glutamine/lysine mass difference. As trypsin was used for
protein digestion, the above rule does not apply when
lysine is at the end position of the peptide sequence. After
obtaining partial or complete sequence overlaps from both
datasets, all possible sequence permutations were
generated, followed by a protein BLAST search against the
database.

Database Search by Basic Local
Alignment Search Tool (BLASTp)
Algorithm
Basic Local Alignment Search Tool (BLAST) is a sequence
similarity search programme that can be used via a web
interface (https://www.ncbi.nIm.nih.gov/).?2 The algorithm
calculates the similarity between protein sequences using
a substitution matrix containing the estimated probabilities

of replacing one amino acid with another.3Y All per-
mutations obtained were analysed individually for each
peptide and protein/species identification was performed
by multisequence alignment. Prior to submitting a query
sequence request, unidentified amino acids were assigned
an X-letter code. When analysing the peptide sequences,
two databases were searched depending on the sample:
Non-redundant data protein sequences (nr) and
UniProtKB/Swiss-Prot (Swissprot). The search included the
analysis of the following parameters; percent of query
sequence length included in the alignments against the
sequence match (Query coverage), the number of hits or
alignments expected by chance with the same or better
score (E-value) and the percentage of amino acids identical
between the aligned query and database sequences
(Percent identity).133]

Database Matching of BLASTp
Pre-processed Data

After processing the data with the BLASTp algorithm, the
obtained results which did not allow unambiguous species
identification were further analysed with the commercially
available ProteinLynx Global Server software (PLGS; v.
3.0.1, Waters, Milford, MA, USA). Derivatized MSE datasets
acquired in positive ion mode served as input files for PLGS
software analysis. Workflow parameters included defining
trypsin as the digestion enzyme, allowing two missed
cleavages per peptide for the initial database search, and
defining 4fb18C6 as the variable modifying reagent. The
peptide and fragment tolerances were set to automatic.
The false discovery rate (FDR) was set to four. The
corresponding databank was created based on the results
of the identified species obtained from the database
search using the BLASTp algorithm. Each created database
contained the entire proteomes of the identified species
downloaded from  https://www.uniprot.org/. The
processing parameters included a low energy threshold set
at 100 counts, an elevated energy threshold set at 10
counts, and an intensity threshold set at 400 counts. The
chromatographic peak width and MS resolution were set to
automatic.

RESULTS AND DISCUSSION

Crown ethers have been used in various proteomic studies
over the last two decades, 2329 but to our knowledge never
for the derivatization of proteins or peptides. Therefore,
their analogue 4fb18C6 was used for the first time for the
reductive amination of tryptic peptides. This microwave
radiation-assisted reaction was developed to investigate
the potential of 4fb18C6 as a reagent for the determination
of the primary structure of peptides. After chromato-
graphic separation of the derivatized and intact peptides,

Croat. Chem. Acta 2024, 97(1), 15-25

DOI: 10.5562/cca4083


https://www.ncbi.nlm.nih.gov/
https://www.uniprot.org/

ROATICA
CT
A

L. OZDANOVAC et al.: N-Terminal Derivatization of Peptides ... 19

the mass spectrometric parameters were optimised for
simultaneous data-independent analysis (DIA) of labelled
and unlabelled ion species using MSE data acquisition. It is
known that non-covalent complex reactions between 18C6
and peptide facilitated peptide sequencing after complex
activation by collisions in argon or electron capture/
transfer.[2°] Since covalently bound 4fb18C6 should produce
the same effect after collisions with argon, our first goal was
to select a group of peptides to test this hypothesis. A total
of 23 peptides from six proteins with different amino acid
compositions were selected according to their length and
polarity. The length of the selected peptides ranged from 7
to 24 amino acids and the pl from 4.00 to 8.75, as these
ranges covered the most of the bottom-up proteomics
experiments (Table 1). The peptides derivatized with
4fb18C6 were selected for tandem mass spectrometry based
on the obtained mass increment of 324.1573 Da. After
tandem MS analysis, the mass increment was obtained only
for the b-ion series while the y-ion series remained intact.
This was due to the peptide sequencing direction, where the
b-ions contain N-terminally bound crown ethers and the y-
ions do not.B4 This feature of the tandem mass spectra
allowed for easy comparison between derivatized and intact
peptides (Figure 1).

Noise Reduction and Data Matching

A detailed analysis of the chromatograms based on peak
height and area comparisons showed that the reaction
conditions were optimized so that 10-20 % of the tryptic
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peptides were successfully derivatized with 4fb18C6, while
80-90 % of the peptides remained unmodified. The partial
and controlled derivatization of up to 30 % of the tryptic
digest allowed the direct comparison of intact and derivat-
ized peptides in the same chromatogram instead of com-
paring two separate chromatograms obtained from two
separate injections and two different sample preparations.
To determine whether the derivatization reaction occurred
on the side chain of lysine, which also contains the amino
group, as well as to inspect the occurrence of double
derivatization, data obtained on transferrin was subjected
to subsequent bioinformatic processing using the PLGS
software. Labelling of the N-terminus and side chains with
4fb18C6 was set as a variable modification, and the results
showed that out of 31 derivatized peptides, five peptides
had side chain derivatization and four peptides had double
derivatization (Table S1). However, the intensity of the
doubly derivatized peptides was within noise range and did
not significantly affect the results. Moreover, the total
intensity of peptides selectively derivatized at the N-
terminus was 2.7 times higher than the total intensity of
doubly derivatized peptides and peptides with side chain
derivatization.

Automated proteomic analysis was based on the
sequencing of peptides using their tandem mass spectra,
which consisted mainly of b-product ions and their com-
plementary y-product ions. Identification of the correct b-
and y-ion pairs was sufficient to deduce the correct amino
acid sequence of the peptide. In reality, however, the lack
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Figure 1. Representative positive tandem mass spectra of human serum albumin (HSA) tryptic peptide KVPQVSTPTLVEVSR:
intact peptide ion at m/z 1639.9382 (a) and 4fb18C6 (4'-formylbenzo-18-crown-6-ether)—peptide ion at m/z 1964.0887 (b).
Designated y-ion and b-ion series of peptide fragment ions are presented for both, derivatized and intact ions. Created with

BioRender.com.
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Table 1. List of selected peptides for tandem MS analysis and their properties (protein of origin, m/z, amino acid composition
and pl).

Number of amino

Protein [M+H]* Da (der) [M+H]* Da (intact) Peptide sequence acids pl@
BSA 1113.6301 789.4714 LVTDLTK 7 5.84

EF Tu 1161.6515 837.4926 EHILLGR 7 6.85
Val-RS 1399.6724 1075.5183 LGNSVDWER 9 4.37
Val-RS 1536.8185 1212.6606 LYKEDLIYR 9 6.07
Transferrin 1302.6453 978.4911 DGAGDVAFVK 10 4.21
EF Tu 1538.7867 1214.6315 FESEVYILSK 10 4.53
HSA 1550.7594 1226.6095 FKDLGEENFK 10 4.68
lle-RS 1584.7349 1260.5763 EHGSNVWEFER 10 5.40
Transferrin 1573.7616 1249.6104 SASDLTWDNLK 11 4.21
BSA 1629.8699 1305.7169 HLVDEPQNLIK 11 5.32
lle-RS 1759.9598 1435.8032 YVVATELIETVAK 13 4.53
BSA 1891.8939 1567.7407 DAFLGSFLYEYSR 13 4.37
lle-RS 1738.8632 1414.7085 GVLSHGFALDGEGR 14 5.32
Transferrin 1953.9696 1629.8147 EDPQTFYYAVAVVK 14 4.37
BSA 1991.9664 1667.8094 MPCTEDYLSLILNR 14 4.37
HSA 1964.0887 1639.9382 KVPQVSTPTLVEVSR 15 8.75

EF Tu 2128.0427 1803.8895 GITINTSHVEYDTPTR 16 5.32
EF Tu 2120.1155 1795.9569 TKPHVNVGTIGHVDHGK 17 8.34
lle-RS 2237.0098 1912.8541 GHMTNEAPGFEGLFYDK 17 4.65
EF Tu 2286.1755 1962.0199 ILELAGFLDSYIPEPER 17 4.00
EF Tu 2441.3184 2117.1638 AIDKPFLLPIEDVFSISGR 19 4.56
Transferrin 2483.1682 2159.0125 IMNGEADAMSLDGGFVYIAGK 21 4.03
Val-RS 2962.5647 2638.4082 SKGNVIDPLDMVDGISLPELLEKR 24 4.44

@ pl calculation on https://web.expasy.org/compute_pi/.

of complete and regular peptide fragmentation in the
available tandem MS data made the data search a compli-
cated task.*S] To make matters worse, it is not always
possible to distinguish a b-ion from a y-ion de novo.B3U
Unresolved ion species and mixed b-ion and y-ion series led
to additional nodes (the graph algorithm finds its way from
start-to-end through defined amino acid nodes), which
complicated the spectral graph and often caused
inaccurate results in peptide sequence determination.
These complications led to a larger number of possible
matches and a higher false discovery rate.3¢! Therefore, a
critical evaluation of the automated search results is
necessary to avoid incorrect assignments.

Statistical data reduction methods included
advanced algorithms such as MS-REDUCE, which enabled
high-throughput data reduction for mass spectrometry.37]
Additionally, the application of the algorithm for chemical
and random additive noise elimination (CRANE), led to a

simultaneous increase in the number of identifications and
the quantitative accuracy.38 In our approach (illustrated in
Figure 2), however, the two aforementioned data sets were
superimposed within a tolerance limit of + 0.005 Da for the
mass difference.

Essentially, two tandem mass spectra of intact and
derivatized peptide ions were aligned and ions with an
error margin of + 0.005 Da were selected for further data
processing. The ion selection procedure reduced the
chemical and non-chemical noise to up to 90 % of all data
(Figure 3). Calculations showed that the noise reduction
was between 62 % and 90 % without compromising the
data quality required for accurate de novo sequencing of
peptides.

Data Processing and de novo Sequencing

Two data sets obtained after tandem mass spectrometry
analysis were processed using DeNovo Explorer tool. The
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Figure 2. Overview of the bioinformatics workflow. Each field represents a component corresponding to a set of tasks that
provide a specific, well-defined functionality. The workflow starts with data-independent acquisition (MSE is a data independent
acquisition technique) of mass spectra, followed by data reduction, de novo sequencing of reduced and unreduced data sets,
sequence overlap and additional alignment of the selected sequences. Selected peptide sequences are matched against
UniProt or NCBI databases (BLASTp-based protein identification). The alignment of the peptide sequences with the mentioned
databases could define one or more identified species. For more than one identified species, additional database confirmation
is required, reducing the number of selected species in the database search by BLASTp-based protein identification. Created

with BioRender.com.
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Figure 3. The data reduction was calculated for 23 peptides after matching the DIA tandem mass spectra of the derivatized and
intact peptide fragment ions with a tolerance of +0.005 Da. The procedure removes most of the chemical and non-chemical
noise and facilitates the de novo sequencing determination of peptides. Created with BioRender.com.
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first data set contained fragment ions obtained after
analysis of the intact peptide, while the second data set,
called the reduced data set, was generated after matching
the ions of the intact and derivatized peptide. The
processing software assigned a score to each peptide,
which was calculated by the graph algorithm after
evaluating the spectra list of the measured masses. The
score depends on the mass accuracy, the intensity and the
probability that the score was achieved by chance. Ten
peptides with the best scores from both lists were
compared, and the final output contained the amino acid
sequence with the most matching amino acids (Table S2-
S24). The isobaric amino acids leucine and isoleucine as
well as the nearly isobaric amino acids glutamine and lysine
(0.036 Da) were considered for further data processing.

More specifically, all possible letter combinations Q, K, |
and L were exchanged in the selected peptide, so that at
the end of the procedure several peptides were generated
and used for the NCBI-BLASTp database search (Table S2-
S24). Non-matching amino acids were labelled with the
letter X, where the symbol "X" was used for a position
where any amino acid is accepted in the database search
(Table 2).

Database Search by Basic Local Align-
ment Search Tool (BLASTp) Algorithm

The amino acid letter chains listed in Table 2 with gaps
(marked with “X”) and swapped letter combinations Q, K, |
and L were applied to the BLASTp algorithm for the data-
base search without specifying the organism. The assigned

Table 2. List of identified proteins and species obtained by applying peptides and the BLASTp search algorithm against the
NCBInr and UniProtKB/Swiss-Prot (SwissProt) databases. Results of the database search includes E-value, database correct

sequence, Percent identity and identified species

Percent
) 0 i - )
Protein de novo query E-value Database correct sequence identity / % Identified species
MXXTEDYLSLILNR 5.10° MPCTEDYLSLILNR 85
LVTDLTK 4.10t LVTDLTK 100
Albumin Bos taurus
HLVDEPQNLIK 4.10°° HLVDEPQNLIK 100
DAFLGSFLY 1-1072 DAFLGSFLY 100
EHILLGR 1-10t EHILLGR 100
FESEVYIL 5.1072 FESEVYIL 100
Elongation PHVNVXXIGHVD 2-1073 PHVNVGTIGHVD 83 Escherichia coli
factor Tu TINTSHVEYDTPTR 3107 TINTSHVEYDTPTR 100 Shigella flexneri
VFSISGR 4.10° VFSISGR 100
ILELAGFXXSYIPE 2-10°S ILELAGFLDSYIPE 36
Pongo abelii
DLGEE 2-10% DLGEE 100 Homo sapiens
Albumin Macacg. fasciculari
Felis catus
KVPQVXXPTLVEVSR 6107 KVPQVSTPTLVEVSR 87 Bos taurus
Macaca mulatta
EHGSNVWFER 1-10° EHGSNVWFER 100
Isoleucine- LSHGFALD 4102 LSHGFALD 100 o 4
. Priestia. megaterium
tRNA ligase YVVATELIETVAK 3-10°3 YVVATELIETVAK 100
MTNEAPGFEGLFYDK 1-10°6 MTNEAPGFEGLFYDK 100
LGNSVDWER 41073 LGNSVDWER 100 Escherichia coli
. Salmonella enterica
Va"l?gea‘st:NA LYKEDLIYR 210 LYKEDLIYR 100 Shigella dysenteriae
SKXNXXXPLDXXDGISLPELLEKR 310  SKGNVIDPLDMVDGISLPELLEKR 75 shigella boydii
Shigella flexneri
DGAGDVAFVK 61072 DGAGDVAFVK 100
ansterin SASDLTWDNLK 8107 SASDLTWDNLK 100 Homo sapiens
EDPQTFYYAVAVVK 3.10°® EDPQTFYYAVAVVK 100 Pan troglodytes
ADAMSXXGGFVYIAGK 61077 ADAMSLDGGFVYIAGK 88
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Figure 4. The number of identified peptides obtained through PLGS analysis for proteins categorized by different species based
on results obtained from BLASTp search against the NCBI database. Created with BioRender.com.

peptide sequences were used for the database search in
the NCBInr and UniProtKB/Swiss-Prot (SwissProt) data-
bases. Based on the database search of 23 peptides, six
proteins in 17 different species were found. The bovine
serum albumin and isoleucine-tRNA ligase proteins pro-
vided unambiguous results on protein origin (Bos taurus
and Priestia megaterium species, respectively), while the
remaining peptides (elongation factor Tu, albumin, valine-
tRNA ligase and transferrin) indicated protein origin but not
species. However, the BLASTp[39 results restricted further
processing of the search by standard database matching
with a limited number of species (up to a maximum of six
species). The peptide score criteria were evaluated using
the percentage coverage of the query (75-100 %) and the
E-value, which indicates the number of expected hits of
similar quality (score) that could be found purely by chance
(4-10%-3-10719), The length of the query sequence included
in the alignments against the sequence match (Query
coverage) was 100 % for all 23 peptides.

It should be emphasised that the exclusion criterion
for correct protein and species identification included the
results with the highest query coverages and the lowest E-
values.

Database Matching of BLASTp pre-
Processed Data

The results of the NCBInr and UniProtKB/Swiss-Prot
(SwissProt) databases using the BLASTp algorithm provided
unambiguous species identification for two of the six
samples analysed. For four other proteins, the BLASTp
results helped to narrow down the number of species to
only two to six species, as described for de novo

sequencing. In addition, the BLASTp de novo database
search was able to reduce the number of database matches
and significantly shorten database processing when a
standard database alignment with a limited number of
species was used (Table 2). The standard mass
spectrometry database match, which is explained in detail
in the experimental section, clearly yielded human albumin
as the resulting protein. The database search for
transferrin, elongation factor Tu and Val-tRNA ligase, on the
other hand, yielded no clear results. In the case of
transferrin and elongation factor Tu, however, the
database search restricted the origin of the species to only
two closely related species, Homo sapiens and Pan
troglodytes, as well as Escherichia coli and Shigella flexneri.
The Val t-RNA ligase protein offered three potential
species: E. coli, Shigella boydii and S. flexneri; two of which,
Salmonella enterica and Shigella dysenteriae, were
excluded (Figure 4). A longer acquisition time in mass
spectrometry, more protein material and a larger number
of designated peptides would contribute to unambiguous
results, but at this stage of the development of the mass
spectrometry method and algorithm, the results presented
showed the clear path for further development of
proteomics-based biotyping.

CONCLUSION

In this study, a novel method for labelling the N-terminus
of peptides with  4'-formylbenzo-18-crown-6-ether
(4fb18C6) was successfully applied. Since 18-crown-6 ether
has a high affinity for the hydronium ion and protonation is
essential for electrospray peptide ionization, the 4fb18C6

DOI: 10.5562/cca4083
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aldehyde was chosen as the derivatization reagent. The
controlled derivatization conditions, in which 10-20 % of
the peptides were derivatized while 80-90 % remain
unmodified, allowed direct comparison of peptides in the
same chromatogram within the same analysis.

Twenty-three peptides were analysed using a cou-
pled system of liquid chromatography and tandem mass
spectrometry with positive electrospray ionization. The
tandem mass spectra of derivatized and intact peptides
were aligned with an accuracy of + 0.005 Da. After align-
ment of the data, chemical noise was reduced by up to
90 % and six proteins from 17 different species were
identified using the BLASTp algorithm (NCBInr and Uni-
ProtKB/Swiss-Prot databases). In three out of six cases, the
species could be unambiguously identified, while in the
remaining cases, de novo sequencing and database
alignment narrowed down the species identification to two
to four potential results. The development of derivatization
reagents and advanced algorithms that enable automated
determination of amino acid sequences from complex
peptide and protein samples is an essential tool in de novo
peptide sequencing. The importance of this research is
demonstrated by the selective labelling of the N-terminus
of peptides and the reduction of large data sets while
preserving their quality through automated systems that
enable reliable de novo sequencing and species
identification via a database search.
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Table S1. The list of derivatized transferrin peptides with amino acid sequences, precursor ion masses and corresponding intensities derived from PLGS software

analysis.
Number Precursor MH+ (Da) Sequence Modifications Intensity Intseul:lsllty
Derivatization of N-terminus
1 5888.9507 (Ll}gﬁ\%‘:l‘;ég‘ggggé%?’g E\fg\%“ﬁgg 4-formylbenzo-18-crown 6-cther (1) 78672
2 1953.9696 (K)EDPQTFYYAVAVVK(K) 4-formylbenzo-18-crown 6-ether (1) 413992
3 2082.0647 (K)EDPQTFYYAVAVVKK(D) 4-formylbenzo-18-crown 6-ether (1) 9102
4 1302.6453 (K\DGAGDVAFVK(H) 4-formylbenzo-18-crown 6-ether (1) 343316
5 1597.8087 (K)HSTIFENLANK(A) 4-formylbenzo-18-crown 6-ether (1) 169399
6 2854.3901 (R)SSMGGKEDLIWELLNQAQEHFGK(D) 4-formylbenzo-18-crown 6-ether (1) 104413
7 2394.1833 (K)EDLIWELLNQAQEHFGK(D) 4-formylbenzo-18-crown 6-ether (1) 69496
8 2637.3050 (K)EDLIWELLNQAQEHFGKDK(S) 4-formylbenzo-18-crown 6-ether (1) 28880
9 1815.9140 (K)SKEFQLFSSPHGK(D) 4-formylbenzo-18-crown 6-ether (1) 25347
10 1600.7897 (K)EFQLFSSPHGK(D) 4-formylbenzo-18-crown 6-ether (1) 33466
11 1802.8892 (K)MYLGYEYVTAIR(N) 4-formylbenzo-18-crown 6-ether (1) 283273 4456899
12 2483.1682 (K)IMNGEADAMSLDGGFVYIAGK(C) 4-formylbenzo-18-crown 6-ether (1) 539553
13 1683.8461 (K)KSASDLTWDNLK(G) 4-formylbenzo-18-crown 6-ether (1) 4760
14 1701.8584 (K)KSASDLTWDNLK(G) 4-formylbenzo-18-crown 6-ether (1) 100462
15 1573.7616 (K)SASDLTWDNLK(G) 4-formylbenzo-18-crown 6-ether (1) 618734
16 1607.7244 (K)EGYYGYTGAFR(C) 4-formylbenzo-18-crown 6-ether (1) 185836
17 2299.1338 (K)HQTVPQNTGGKNPDPWAK(N) 4-formylbenzo-18-crown 6-ether (1) 129222
18 1151.5632 (K)NPDPWAK(N) 4-formylbenzo-18-crown 6-ether (1) 854927
19 2220.0679 (K)NLNEKDYELLCLDGTR(K) 4-formylbenzo-18-crown 6-ether (1) 49119
20 1324.6538 (K)YLGEEYVK(A) 4-formylbenzo-18-crown 6-ether (1) 41629
21 4278.1685 CRPVVAERYGSK(E) Y YDAYEATRN 4-formylbenzo-18-crown 6-ether (1) 362810
22 2499.1630 (K)IMNGEADAMSLDGGFVYIAGK(C) 4-formylbenzo-18-crown 6-ether (1), Oxidation M (2) 10491
Number Precursor MH+ (Da) Sequence Modifications Intensity In:::lsllty
Side chain derivatization
(R)ATAANEADAVTLDAGLVYDAYLAPNN
23 6213.1120 LKPVVAEFYGSKEDPQTFYYAVAVVK(K) 4-formylbenzo-18-crown 6-ether 2 1964
24 1953.9674 (K)EDPQTFYYAVAVVK(K) 4-formylbenzo-18-crown 6-ether 2 20786 1626552
25 2438.2397 (R)SSAGWNIPIGLLYCDLPEPR(K) 4-formylbenzo-18-crown 6-ether 2 14168
26 1815.9140 (K)SKEFQLFSSPHGK(D) 4-formylbenzo-18-crown 6-ether 2 41134

27 1490.7499 (K HQTVPQNTGGK(N) 4-formylbenzo-18-crown 6-ether 2 1525708





Table S1. The list of derivatized transferrin peptides with amino acid sequences, precursor ion masses and corresponding intensities derived from PLGS software
analysis. (continued)

(R)YATAANEADAVTLDAGLVYDAYLAPNN

28 4602.3125 LKPVVAEFYGSK(E) 4-formylbenzo-18-crown 6-ether 2 4052
(K)IECVSAETTEDCIAKIMNGEADAMSLD e

29 5556.5700 GGFVYIAGKCGLVPVLAENYNK(S) 4-formylbenzo-18-crown 6-ether 2, Oxidation M (17) 1449

30 2823.3157 (K)IMNGEADAMSLDGGFVYIAGK(C) 4-formylbenzo-18-crown 6-ether 2, Oxidation M (2) 6444

31 3437.6638 (R)SSMGGKEDLIWELLNQAQEHFGKDK(S)  4-formylbenzo-18-crown 6-cther 2, Oxidation M (2) 10847

Note: The peptide sequences marked in red are doubly derivatized.





Table S2. The results of de novo sequencing of unreduced and reduced datasets of BSA peptide ions: derivatized at
m/z 1991.9664 and underivatized at m/z 1667.8094.

Correct peptide sequence: MPCTEDYISITIINR
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 MAETEDYISIIINR 66.0 1 MAETEDYISIIINR 66.5
2 MPCTEFMLSLLLNR 64.7 2 MPCTEFMLSLLLNR 64.4
3 MEAETDYISIIINR 63.4 3 MAETEDYISIIIRN 61.6
4 MAEETDYISIIINR 62.6 4 NNCTEFMLSLLLNR 61.5
5 MPCTEFMLTVLLNR 62.5 5 MPCTEFLMSLLLNR 59.5
6 MPCTEFMLAELLNR 62.3 6 LDCTEFMLSLLLNR 57.8
7 NNCTEFMLSLLLNR 61.3 7 PMCTEFMLSLLLNR 57.8
8 MPCETFMLSLLLNR 61.3 8 DLCTEFMLSLLLNR 56.8
9 MPCTEFLMSLLLNR 59.9 9 VECTEFMLSLLLNR 56.8
10 MPCTEFFPSLLLNR 59.7 10 NNCTEFLMSLLLNR 56.6

analysis 108 analysis 044

Matched peptide sequence: MAETEDYISIIINR

Permutations of matched peptide sequence: MAETEDYISIIINR, MAETEDYISIILNR, MAETEDYISILINR,
MAETEDYISILLNR, MAETEDYISLIINR, MAETEDYISLILNR, MAETEDYISLLINR,
MAETEDYISLLLNR, MAETEDYLSIIINR, MAETEDYLSIILNR, MAETEDYLSILINR,
MAETEDYLSILLNR, MAETEDYLSLIINR, MAETEDYLSLILNR, MAETEDYLSLLINR,
MAETEDYLSLLLNR

Note: The amino acid residues highlighted in green in the peptide sequences have been successfully identified at their
corresponding indices. The same note applies to all subsequent supplementary tables.

Table S3. The results of de novo sequencing of unreduced and reduced datasets of BSA peptide ions: derivatized at
m/z 1113.6301 and underivatized at m/z 789.4714.

Correct peptide sequence: LVTDLTK
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 IVTDITK 62.4 1 IVTDITK 62.0
2 LVTPMTK 59.4 2 IVIPMTK 57.0
3 LVTDTLK 58.9 3 IVTEVTK 55.6
4 IVSEITK 56.7 4 IVTDTIK 54.8
5 LVTSELK 56.5 5 IVTDDVK 54.8
6 LVTPTMK 55.8 6 LVCLLTK 51.7
7 LVTDWR 55.2 7 KTLDTVL 51.5
8 LVTEVTK 55.2 8 VLCLLTK 51.3
9 LVTSLEK 55.2 9 TAEDITK 50.7
10 LVCLLTK 54.0 10 LSEVLTK 50.3

analysis 0.4 analysis 0115

Matched peptide sequence: [VTDITK
Permutations of matched peptide sequence: LVTDLTK, IVTDITK, IVTDLTK, LVTDITK






Table S4. The results of de novo sequencing of unreduced and reduced datasets of BSA peptide ions: derivatized at
m/z 1629.8699 and underivatized at m/z 1305.7169.

Correct peptide sequence: HLVDEPQNLIK

de novo sequences de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 HIVDEPKNIIK 54.5 1 HIVDEPKNIIK 70.3
2 HIDVEPKNIIK 51.8 2 HIVDEKPNIIK 69.9
3 HLDDLPKNLLK 49.5 3 HIVDEKNPIIK 67.7
4 HLDEVPKNLLK 49.4 4 HIVDENKPIIK 67.3
5 HLVHKPFDGAGK 48.6 5 HIVDEKGGPIIK 65.9
6 HLVHKPVYGAGK 47.8 6 HMVDKPAGPLLK 46.7
7 HLVHKPFDGKK 453 7 HVMDKPAGPLLK 46.6
8 HLVHKPFDKGK 45.2 8 SSHLWPAGPLLK 41.6
9 HAGAAGEPKNIIK 441 9 SSLHWPAGPLLK 41.5
10 HLVHKPWFNK 423 10 AGPAADKPAGPLLK 41.3

analyss 042 analys 0305

Matched peptide sequence: HIVDEPKNIIK

Permutations of matched peptide sequence: HIVDEPKNIIK, HIVDEPQNIIK, HIVDEPKNILK,
HIVDEPQNILK, HIVDEPKNLIK, HIVDEPQNLIK, HIVDEPKNLLK, HIVDEPQNLLK, HLVDEPKNIIK,
HLVDEPQNIIK, HLVDEPKNILK, HLVDEPQNILK, HLVDEPKNLIK, HLVDEPQNLIK, HLVDEPKNLLK,
HLVDEPQNLLK

Table SS. The results of de novo sequencing of unreduced and reduced datasets of BSA peptide ions: derivatized at
m/z 1991.9664 and underivatized at m/z 1667.8094.

Correct peptide sequence: DAFLGSFLYEYSR
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 DAFIGSFIYHGANR 81.8 1 DAFIGSFIYEYSR 80.7
2 WFLGSYPYEYSR 80.2 2 SVFIGSFIYEYSR 77.6
3 WFLGSYPYEYDK 79.4 3 SGGSSAGSFIYEYSR 70.7
4 FSVLGSYPYEYSR 78.9 4 SGGSTGGSFIYEYSR 69.9
5 FSVLGSYPYEYDK 78.4 5 SGGSASGSFIYEYSR 69.8
6 SFVLGSYPYEYSR 77.6 6 SGGSGTGSFIYEYSR 69.8
7 SFVLGSYPYEYDK 77.0 7 SGGSASGSFIYYGFAP 59.6
8 WFLGSYNFEYNK 73.8 8 SGGSGTGSFIYYGFAP 59.5
9 WFLGSYPYAMSFV 72.5 9 DAFEPHGPYHGANR 37.1
10 WFLGSYPYAMSVF 72.5 10 DAFPEHGPYHGANR 36.3

analysis 091 analysis 045 5

Matched peptide sequence: DAFIGSFIY
Permutations of matched peptide sequence: DAFIGSFIY, DAFIGSFLY, DAFLGSFIY, DAFLGSFLY






Table S6. The results of de novo sequencing of unreduced and reduced datasets of Elongation factor Tu peptide ions:
derivatized at m/z 1161.6515 and underivatized at m/z 837.4926.

Correct peptide sequence: EHILLGR

de novo sequences de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 EHILIGR 52.8 1 EHIIIGR 52.6
2 HEILIGR 52.1 2 (111.08)HMIIGR 50.6
3 (111.08)HMLIGR 51.8 3 TFMLLGR 43.7
4 EHILTPK 48.9 4 FTMLLGR 427
5 HEILTPK 48.2 5 EHIIIRG 40.6
6 (111.08)HMLTPK 47.1 6 (111.08)HIMIGR 39.4
7 (111.08)HIMIGR 452 7 EYSIIGR 39.4
8 EHILTKP 445 8 (177.13)DSIIGR 37.5
9 HELLTKP 43.8 9 (177.13)TTIIGR 37.1
10 EHILIRG 433 10 SSGIIIFT 33.3

analysis 006 analysis 0.6

Matched peptide sequence: EHILIGR

Permutations of matched peptide sequence: EHIIIGR, EHIILGR, EHILIGR, EHILLGR, EHLIIGR,
EHLILGR, EHLLIGR, EHLLLGR

Table S7. The results of de novo sequencing of unreduced and reduced datasets of Elongation factor Tu peptide ions:
derivatized at m/z 1538.7867 and underivatized at m/z 1214.6315.

Correct peptide sequence: FESEVYILSK
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 FESEVYIISK 74.1 1 FESEVYLLNT 43.1
2 FEDTVYIISK 72.3 2 EFSEVYLLNT 42.0
3 FESEVYIINT 66.1 3 FEDTVYLLNT 41.7
4 EFSEVYLLNT 65.6 4 YLDTVYLLNT 40.9
5 LYSEVYLLNT 65.3 5 LYVESYLLNT 40.8
6 FEDTVYIINT 64.9 6 YLSEVYLLNT 40.8
7 LYDTVYLLNT 63.5 7 EFDTVYLLNT 40.6
8 LYSEVLYLNT 63.1 8 LYSEVYLLNT 40.6
9 EFSEVLYLNT 62.8 9 LYDTVYLLNT 40.3
10 FESEVLYLNT 62.5 10 FEVESYLLNT 39.9

amalyss 0815 analyss 0395

Matched peptide sequence: FESEVYLL
Permutations of matched peptide sequence: FESEVYII, FESEVYIL, FESEVYLI, FESEVYLL






Table S8. The results of de novo sequencing of unreduced and reduced datasets of Elongation factor Tu peptide

ions: derivatized at m/z 2120.1155 and underivatized at m/z 1795.9569.

Correct peptide sequence: TKPHVNVGTIGHVDHGK

de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 KTPHVNVGTIGHVDNHA 51.7 1 TKPHVNVSAIGHVDHKG 63.5
2 KTPHVAAAGTIGHVDNHA 51.3 2 TKPHVVNSAIGHVDHKG 61.2
3 TKPHVNVGTIGHVDNHA 48.9 3 KTPHVNTRMPSPVFGK 56.8
4 KTPHVNTRLDPKGVMC 48.2 4 TKPHVNTRMAPPCKLC 56.5
5 KTPHVNTRLDPKVGMC 47.6 5 KTPHVNTRMAPPCKLC 56.5
6 KTPEVHGLRTTGAGGVLC 47.4 6 HGVGNGVAGISANVVHPPN 56.5
7 KTPEVHGLRTTGANVLC 47.1 7 TKPHVNTRMDPRKLC 56.4
8 KTPEVHGLRTTAGGGVLC 47.1 8 KTPHVNTRMDPRKLC 56.4
9 KTPHVNTRTSAGHVGSF 47.0 9 KTPHVNTRMDPPAGKF 56.3
10 KTPHVNTRLGHVEPNP 46.9 10 KTPHVNTRMPSVPFGK 56.1

analysis 2785 analysis 0415

Matched peptide sequence: PHVNVSAIGHVD

Permutations of matched peptide sequence: PHVNVSAIGHVD, PHVNVSALGHVD

Table S9. The results of de novo sequencing of unreduced and reduced datasets of Elongation factor Tu peptide

ions: derivatized at m/z 2128.0427 and underivatized at m/z 1803.8895.

Correct peptide sequence: GITINTSHVEYDTPTR

de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 GITINTSHVEYDTPTR 76.2 1 LGTINTSHVEYDTPTR 78.3
2 VATINTSHVEYDTPTR 76.2 2 TLGINTSHVEYDTPTR 71.8
3 GITINTSHVEYDTTPR 75.9 3 RDINTSHVEYDTPTR 68.2
4 VATINTSHVEYDTTPR 75.9 4 RDINTSHVEYDTTPR 67.8
5 VATIASGSHVEYDTPTR 71.6 5 RDGGITSHVEYDTPTR 67.8
6 VATGGITSHVEYDTPTR 69.7 6 RDGGITSHVEYDTTPR 67.5
7 GLTLNTSHVEYDTPSVA 67.7 7 RDINTSHVEYDTTGVP 60.4
8 GLTLNTSHVEYDTPSAV 67.6 8 RDINTSHVEYDTGTVP 59.3
9 GLTLNTSHVEYDTPSGL 67.6 9 RDGGITSHVEYDTGTVP 57.0
10 GLTLNTSHVEYDTPSLG 67.6 10 AAENLTSHGVHSTNLPR 52.8

analysis 2,06 anlsis 105 s

Matched peptide sequence: TINTSHVEYDTPTR

Permutations of matched peptide sequence: TINTSHVEYDTPTR, TLNTSHVEYDTPTR






Table S10. The results of de novo sequencing of unreduced and reduced datasets of Elongation factor Tu peptide
ions: derivatized at m/z 2441.3184 and underivatized at m/z 2117.1638.

Correct peptide sequence: AIDKPFLLPIEDVFSISGR
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 TAALEDLRRKTPVFSLSGR 42.9 1 ALDKPFLLPLEDVFSLSGR 85.1
2 LPEDATSRRKTPVFSLSGR 42.8 2 LADKPFLLPLEDVFSLSGR 84.9
3 TAALELDRRKTPVFSSLGR 41.9 3 SPDKPFLLPLEDVFSLSGR 84.8
4 LPEDATSRRKTPVFSSLGR 41.9 4 PSDKPFLLPLEDVFSLSGR 84.8
5 TAALEDLRRKTPVFSSLGR 41.8 5 KNGKPFIIPIEDVFSISGR 84.2
6 WGNKDLRRKTPVFSLSGR 41.4 6 ALDKLMLLPLEDVFSLSGR 83.6
7 WGLNRSRRKTPVFSSLGR 41.2 7 LADKLMLLPLEDVFSLSGR 83.6
8 WGNLRSRRKTPVFSSLGR 40.9 8 SPDKLMLLPLEDVFSLSGR 83.6
9 WLGNRSRRKTPVFSSLGR 40.8 9 PSDKLMLLPLEDVFSLSGR 83.6
10 WGNKDLRRKTPVFSSLGR 40.1 10 AGNGKPFIIPIEDVFSISGR 83.6

analsis 345 analsts 0.725

Matched peptide sequence: VFSLSGR
Permutations of matched peptide sequence: VFSISGR, VFSLSGR

Table S11. The results of de novo sequencing of unreduced and reduced datasets of Elongation factor Tu peptide ions:
derivatized at m/z 2286.1755 and underivatized at m/z 1962.0199.

Correct peptide sequence: ILELAGFLDSYIPEPER
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 ITEIAGFLDSYLPESHSA 52.5 1 LLELAGFMPSYLPESVPV 73.3
2 IIEIAGFLDSYLPESVVP 52.4 2 LLELAGFMPSYLPEWVP 73.2
3 LLNKASMVDSYLPESVVP 47.0 3 LLELAGFMPSYLPESVVP 73.1
4 LLNKASMVDSYLPESVPV 46.9 4 LLELAGFMPSYLPEWPV 73.1
5 LLNKASMVDSYLSLALHS 46.5 5 KNLLAGFMPSYLPESVPV 73.1
6 LLNKASMVDSYLSLALSH 46.5 6 LLSSEPLYSPMFGALLSH 72.9
7 LLNKASMVDSYLSALLSH 46.5 7 LLSSEPLYSPMFGALLHS 72.9
8 LLNKASMVDSYLSALLHS 46.4 8 NKLLAGFMPSYLPESVPV 72.9
9 LLELASMVDSYLPESVVP 46.2 9 KNLLAGFMPSYLPESVVP 72.9
10 LLELASMVDSYLPESVPV 46.1 10 NKLLAGFMPSYLPESVVP 72.7

amalyss 199 analysis 0885

Matched peptide sequence: IEIAGFMPSYLPE
Permutations of matched peptide sequence: IIEIAGFMPSYIPE, IEIAGFMPSYLPE, TIELAGFMPSYIPE,
INELAGFMPSYLPE, ILEIAGFMPSYIPE, ILEIAGFMPSYLPE, ILELAGFMPSYIPE, ILELAGFMPSYLPE






Table S12. The results of de novo sequencing of unreduced and reduced datasets of HSA peptide ions: derivatized at
m/z 1550.7594 and underivatized at m/z 1226.6095.

Correct peptide sequence: FKDLGEENFK

de novo sequences de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 KFDLGEENKF 47.9 1 KFDLGEEPYE 70.7
2 KFDLGSGNNKF 46.8 2 RHNEEGIDKE 70.4
3 KFDLGSGMPKF 45.7 3 RHKDEGIDKE 69.2
4 KDFGAFGMPKE 453 4 HRNEEGLDKE 69.2
5 KFDLGSMGPKF 45.0 5 RHNEWLDKE 68.3
6 KDFGAFGLDKE 44.7 6 RHDRTGLDKE 68.0
7 KFDGAFGLDKE 44.5 7 HRKDEGLDKE 67.9
8 KFPMGSGMPKF 44.4 8 RPGPEEGIDKE 67.8
9 KDFMGSGLDKE 43.9 9 RHPSSTGLDKE 67.4
10 KDFGMSGLDKE 43.9 10 RHPCATGLDKE 67.3
amalis 041 smalis 0165

Matched peptide sequence: DLGEE
Permutations of matched peptide sequence: DIGEE, DLGEE

Table S13. The results of de novo sequencing of unreduced and reduced datasets of HSA peptide ions: derivatized at
m/z 1964.0887 and underivatized at m/z 1639.9382.

Correct peptide sequence: KVPQVSTPTLVEVSR
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 AGVPKVSTPTIVEDAR 65.3 1 RAPKVMGPTIVEVSR 84.7
2 KVPKVSTPTIVEVSR 61.2 2 KVPKVMGPTIVEVSR 83.9
3 AGVPKVSTPTIVEVDK 60.5 3 RAPKVMGPTINNVSR 82.4
4 AGVPKVSTPTIVEVSR 59.9 4 ARPKVMGPTIVEVSR 81.8
5 AGPVKVSTPTLVEDAR 58.9 5 PLNKVMGPTLVEVSR 80.4
6 KVNEVLGPTLVEVSR 57.1 6 LPNKVMGPTLVEVSR 80.4
7 KVNEVLGPTLVEDAR 56.9 7 PLNKVMGPTLVEWR 79.7
8 NLNEVLGPTLVEVSR 56.4 8 LPNKVMGPTLVEWR 79.7
9 AGVNEVLGPTLVEVSR 55.9 9 PLNKVMGPTLVLDSR 79.1
10 KVNEVLGPTLVEWR 55.7 10 LPNKVMGPTLVLDSR 79.1

analysis 100 analsis 0225

Matched peptide sequence: KVPKVMGPTIVEVSR
Permutations of matched peptide sequence: KVPKVMGPTIVEVSR, KVPQVMGPTIVEVSR,
QVPKVMGPTIVEVSR, QVPQVMGPTIVEVSR, KVPKVMGPTLVEVSR, KVPQVMGPTLVEVSR,
QVPKVMGPTLVEVSR, QVPQVMGPTLVEVSR






Table S14. The results of de novo sequencing of unreduced and reduced datasets of Ile-RS peptide ions: derivatized
at m/z 1584.7349 and underivatized at m/z 1260.5763.

Correct peptide sequence: EHGSNVWFER

de novo sequences de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 EHGSNVGEFER 61.5 1 EHGSNVVSFER 63.5
2 EHGSNVWFER 61.2 2 CYGSNVWFER 62.3
3 EHGSNVVSFER 61.0 3 EHGSNVWFER 62.1
4 EHEEVGEFER 57.1 4 HEGSNVWFER 59.7
5 CYGSNVGEFER 57.0 5 YCGSNVWFER 58.2
6 EHEEVWFER 56.8 6 EHGSNVFDAER 54.3
7 CYGSNVWFER 56.7 7 EHGSNVFVSER 54.3
8 EHGSNVGFEER 54.4 8 EHGSNVFPSMR 52.6
9 EHGSNVGEFRE 53.3 9 EHGSNVFPSGET 49.5
10 EHEVLGANSCTT 51.7 10 EHEEVWFER 49.0

amalis 058 5 smalis 0225

Matched peptide sequence: EHGSNVWFER
Permutations of matched peptide sequence: EHGSNVWFER

Table S15. The results of de novo sequencing of unreduced and reduced datasets of Ile-RS peptide ions: derivatized
at m/z 1738.8632 and underivatized at m/z 1414.7085.

Correct peptide sequence: GVLSHGFALDGEGR
de novo sequences

de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 GVLSHGFAIDGEGR 71.8 1 RLSHGFALDWGR 40.4
2 RLSHGFAIDDAGR 71.4 2 RLSHGFALDWRG 35.6
3 RLSHGFAIDGEGR 71.2 3 RLSHGFALDWVN 35.5
4 RLSHGFAIDGDAR 67.5 4 VGISHGFAIDDARG 35.5
5 RLSHGFANGGGEGR 67.5 5 RISHGFAIDDARG 35.4
6 RLSHGFAIDGADR 66.8 6 RLSHGFALDWNV 353
7 RLSHGFANNGEGR 66.6 7 RISHGFAIDPGNM 35.1
8 RLSHGFAIDGERG 61.7 8 VGISHGFAIDNGMP 34.3
9 RLSHGFAIDPGSGT 58.3 9 RISHGFAIDNGMP 34.2
10 RLSHGFAIDGPSGT 58.1 10 RISHGFAIDNMGP 34.0

analysis 084 analsis 0.06 5

Matched peptide sequence: LSHGFAID
Permutations of matched peptide sequence: ISHGFAID, ISHGFALD, LSHGFAID, LSHGFALD






Table S16. The results of de novo sequencing of unreduced and reduced datasets of Ile-RS peptide ions: derivatized
at m/z 1759.9598 and underivatized at m/z 1435.8032.

Correct peptide sequence: YVVATELIETVAK

de novo sequences de novo sequences

Rank (unreduced dataset) Score Rank (reduced dataset) Score
1 YVVATENETVAK 71.2 1 YVVATEINETVAQ 47.1
2 YVVATEIIEEAAK 71.1 2 YVVATEIIETVKA 47.1
3 YVVATNKIETVAK 68.0 3 YVVTAEIIETVAQ 44.6
4 YVVDGEIIETVAK 63.1 4 YVVTAEIIETVKA 44.6
5 YVVANLLEHLHK 63.0 5 YVVATELLNAFVP 43.6
6 YVVATELLNAFPV 62.8 6 YVVATELLNAFPV 43.6
7 YVVATELLNAFVP 62.8 7 YVVPGFIIETVAQ 435
8 YVVANLLETAVPF 61.7 8 YVVTSIIETVAQ 435
9 YVVATELLNAVFP 61.7 9 YVVATELLNAVML 432
10 YVVATELLNAVML 61.7 10 YVVANLLETAVML 43.1

analysis 073 s analysis 047

Matched peptide sequence: YVVATEIIETVAK
Permutations of matched peptide sequence: YVVATEIIETVAK, YVVATEILETVAK, YVVATELIETVAK,
YVVATELLETVAK

Table S17. The results of de novo sequencing of unreduced and reduced datasets of Ile-RS peptide ions: derivatized
at m/z 2237.0098 and underivatized at m/z 1912.8541.

Correct peptide sequence: GHMTNEAPGFEGLFYDK

de novo sequences (unreduced de novo sequences

Rank dataset) Score Rank (reduced dataset) Score
1 GHMTGGEAPGFEGIFYDK 71.3 1 HGMTGGEAPGFEGIFYDK 76.5
2 GHMTNEAPGFEGIFYDK 70.7 2 HGMGSAEAPGFEGIFYDK 75.0
3 GHMGTGEAPGFEGIFYDK 70.6 3 HGMTNEAPGFEGIFYDK 74.7
4 GPNGTNEAPGFEGIFYDK 63.3 4 HGMTGGEAPGFDAIFYDK 71.8
5 HGMTGGEAPGSCSAGKTTYT 52.0 5 PGNGTGGEAPGFEGIFYDK 70.2
6 HGMTNEAPGSCSAGKTTYT 51.8 6 NGPGTGGEAPGFEGIFYDK 70.2
7 HGMTGGEAPGSCSAFVLEY 51.6 7 NGPGTNEAPGFEGIFYDK 70.2
8 HGMTNEAPGSCSAFVLEY 51.5 8 PGNGTNEAPGFEGIFYDK 70.1
9 HGMTNEAPGSCSASLHAGW 47.8 9 PGAGSGGGEAPGFEGIFYDK 67.3
10 HGMTNEASCSGPASLHADK 46.9 10 GHMTGGEAPGMKDRWPW 59.6
time of 2.08 s time of 0.50 s
analysis analysis

Matched peptide sequence: MTNEAPGFEGIFYDK
Permutations of matched peptide sequence: MTNEAPGFEGIFYDK, MTNEAPGFEGLFYDK






Table S18. The results of de novo sequencing of unreduced and reduced datasets of Transferrin peptide ions:
derivatized at m/z 1302.6453 and underivatized at m/z 978.4911.

Correct peptide sequence: DGAGDVAFVK

de novo sequences (unreduced de novo sequences

Rank dataset) Score Rank (reduced dataset) Score
1 DGAGDVAFVK 68.2 1 DKGDVAFVK 62.9
2 DGAGITAFVK 67.4 2 DKGDVAFAR 60.8
3 ATAGDVAFVK 66.4 3 DAGGDVAFVK 56.7
4 DKGDVAFVK 63.7 4 DGAGDVAFVK 56.7
5 DAGGDVAFVK 63.6 5 DKGDAVFVK 55.4
6 DAGGLTAFVK 63.5 6 DKGDAVFAR 54.8
7 DGATAVAFVK 62.5 7 DAGGDVAFAR 54.6
8 SRGDVAFVK 62.3 8 DGAGDVAFAR 54.6
9 SGVGDVAFVK 61.6 9 DGKDVAFVK 542
10 DAGTAVAFVK 60.6 10 ADGGDVAFVK 53.1

ol 0285 amalets 0.145

Matched peptide sequence: DGAGDVAFVK
Permutations of matched peptide sequence: DGAGDVAFVK

Table S19. The results of de novo sequencing of unreduced and reduced datasets of Transferrin peptide ions:
derivatized at m/z 1573.7616 and underivatized at m/z 1249.6104.

Correct peptide sequence: SASDLTWDNLK
de novo sequences

de novo sequences (unreduced

Rank dataset) Score Rank (reduced dataset) Score
1 SASDLTWDNLK 60.3 1 SASDLTWDNLK 65.2
2 SASDITADDNLK 59.9 2 SASDITDADNLK 64.4
3 SASDITDADNLK 59.8 3 ASSDLTWDKVK 62.9
4 SASDLTWDKVK 56.4 4 SASDLTWDKVK 62.2
5 SASPMTWDNLK 54.9 5 TGSDLTWDKVK 61.9
6 SASDKWTLDVK 53.5 6 GTSDLTWDKVK 61.9
7 SASDLRMDNLK 53.2 7 ASSDLTWDKAR 61.7
8 SASKDWTLDVK 53.1 8 SASDLTWDKAR 58.8
9 SASDLTWKDVK 52.8 9 ASSDSARTLDVK 58.5
10 SASDKWTMPVK 52.0 10 TGSDLTWDKAR 58.5

analysis 0555 analysis 0385

Matched peptide sequence: SASDLTWDNLK
Permutations of matched peptide sequence: SASDLTWDNLK






Table S20. The results of de novo sequencing of unreduced and reduced datasets of Transferrin peptide ions:
derivatized at m/z 1953.9696 and underivatized at m/z 1629.8147.

Correct peptide sequence: EDPQTFYYAVAVVK

de novo sequences (unreduced de novo sequences

Rank dataset) Score Rank (reduced dataset) Score
1 EDPKTFYYAVAVVK 65.0 1 EDPKTFYYAVAVVK 66.4
2 EDPKTFYYAVGIVK 64.7 2 EDPKTFYYAVGIVK 63.8
3 EDPKTFYYAVVAVK 64.3 3 EDPKTFYYAVAVRA 59.4
4 EDPKTFYAYVAVVK 63.6 4 EDPKTFYYAVGIRA 57.0
5 EDPKTFYAYVAVVK 59.1 5 EDNDPFYYAVAVVK 56.7
6 EDPKTEGGTEAVAVVK 50.6 6 EDPKTFYPHVAVVK 46.2
7 EDPKTEGTGEAVAVVK 49.8 7 EDPKTTKAVHAAAYK 40.8
8 EDPNPEPELEYAVK 30.9 8 EDPKTTKAVHYNVK 394
9 EDNETDFTYVAVVK 30.5 9 EDPKTTKAVHY VNK 39.2
10 EDNETVYTYVAVVK 30.2 10 EDPKTTKAVHACCVK 37.7

analysis 198 analysis 067

Matched peptide sequence: EDPKTFYYAVAVVK
Permutations of matched peptide sequence: EDPKTFYYAVAVVK, EDPQTFYYAVAVVK

Table S21. The results of de novo sequencing of unreduced and reduced datasets of Transferrin peptide ions:
derivatized at m/z 2483.1682 and underivatized at m/z 2159.0125.

Correct peptide sequence: IMNGEADAMSLDGGFVYIAGK
de novo sequences

de novo sequences (unreduced

Rank dataset) Score Rank (reduced dataset) Score
1 ADAMSLDGGFVYLAGK 67.2 1 RTEASADAMSNNGGFVYIAGK 64.8
2 LMNWADAMSLDGGFVYLAGK 67.1 2 RTEASADAMSNNNFVYIAGK 64.4
3 LMNGEADAMSLDNFVYLAGK 67.0 3 RTEASADAMVSEGGFVYIAGK 63.2
4 LMNWADAMSLDNFVYLAGK 67.0 4 RTEATGDAMSNNGGFVYIAGK 62.0
5 LMNGEWAMSLDGGFVYLAGK 64.6 5 ADAEASADAMSNNGGFVYIAGK 61.6
6 LMNGEAWMSLDGGFVYLAGK 64.2 6 ATGPMSADAMSNNGGFVYIAGK 61.6
7 LMNGEWAMSLDNFVYLAGK 64.1 7 VSAEASADAMSNNGGFVYIAGK 61.4
8 LMNWWAMSLDGGFVYLAGK 64.0 8 ADAEASADAMSNNNFVYIAGK 61.2
9 LMNWAWMSLDGGFVYLAGK 63.8 9 ADNMIADAMSNNGGFVYIAGK 61.1
10 LMNGEAWMSLDNFVYLAGK 63.5 10 RTEASADAMSNNGGFVYIAKG 57.7

time of 2.89 time of 0.53's

analysis analysis

Matched peptide sequence: ADAMSLDGGFVYLAGK
Permutations of matched peptide sequence: ADAMSLDGGFVYLAGK, ADAMSLDGGFVYIAGK






Table S22. The results of de novo sequencing of unreduced and reduced datasets of Val-RS peptide ions:

derivatized at m/z 1399.6724 and underivatized at m/z 1075.5183.

Correct peptide sequence: LGNSVDWER

de novo sequences (unreduced

de novo sequences

Rank dataset) Score Rank (reduced dataset) Score

1 LGGGSVDWER 72.0 1 IGNSVDVSER 65.9

2 LGNSVDWER 70.4 2 LGNSVDWER 65.4

3 LGGGSVDAMRL 65.2 3 LGNWDWER 61.6

4 LGGGSVDVCRL 65.1 4 RFWDVCHL 56.4

5 LGGGSVDMARL 65.1 5 LGNSTLWER 56.4

6 LNGSVDWER 64.9 6 NTRVDWER 55.9

7 LGNSVDAMRL 63.7 7 NGLSVDWER 55.9

8 LGNSVDMARL 63.6 8 ASGRVDWER 55.0

9 LGNSVDVCRL 63.6 9 TGGRVDWER 54.8

10 LGGGSVDSDRL 61.8 10 NGPWMWER 54.6

;;?13212 0.30s ;;I:li/:lfs 0.17s
Matched peptide sequence: LGNSVDWER
Permutations of matched peptide sequence: IGNSVDEWR, LGNSVDWER
Table S23. The results of de novo sequencing of unreduced and reduced datasets of Val-RS peptide ions:
derivatized at m/z 1536.8185 and underivatized at m/z 1212.6606.

Correct peptide sequence: LYKEDLIYR

Rank 0 ety Seore  Rank (eotnced gataset) Score

1 LYKEDITYR 52.2 1 LYKEDLLYR 88.8

2 (205.08)AKEDIIYR 50.7 2 LYKEDLLRY 80.8

3 LYKEDLYLR 49.7 3 IYKEDII(319.16) 77.8

4 LYKEPMIYR 46.6 4 IYKEDIAA(290.13) 76.3

5 LYKEPMYLR 45.6 5 IYKEDIPHTP 75.9

6 LYKEVELYR 44.6 6 LYSGLDLLYR 70.3

7 LHGPEDITYR 443 7 LYGSLDLLYR 69.9

8 LYKEPLMYR 43.6 8 LYSGLDLLRY 63.9

9 LYKELPMYR 429 9 LYGSLDLLRY 63.6

10 (135.07)IREDIIYR 422 10 ISHIIDERTE 59.3

analysis 0225 analysis 0.055

Matched peptide sequence: LYKEDIIYR

Permutations of matched peptide sequence: [IYKEDIIYR, IYQEDIIYR, IYKEDILYR, IYQEDILYR,
IYKEDLIYR, IYQEDLIYR, IYKEDLLYR, IYQEDLLYR, LYKEDIIYR, LYQEDIIYR, LYKEDILYR,

LYQEDILYR, LYKEDLIYR, LYQEDLIYR, LYKEDLLYR, LYQEDLLYR






Table S24. The results of de novo sequencing of unreduced and reduced datasets of Val-RS peptide ions:
derivatized at m/z 2962.5647 and underivatized at m/z 2638.4082.

Correct peptide sequence: SKGNVIDPLDMVDGISLPELLEKR

de novo sequences (unreduced

de novo sequences (reduced

Rank dataset) Score Rank dataset) Score
1 KSGNVLDPLDMVDGLSLPELLEKR 84.1 1 KSVNGDIPIDVMDGLSIPEILEKR 71.7
2 SKGNVLDPLDMVDGLSLPELLEKR 83.1 2 SKVNGDIPIDVMDGLSIPEILEKR 71.0
3 NTGNVLDPLDMVDGLSLPELLEKR 81.5 3 AGSVNGDIPIDVMDGLSIPEILEKR 70.4
4 AGSGNVIDPIDMVDGISIPELLEKR 81.4 4 KSVNGEVPIVDMDGLSIPEILEKR 69.4
5 TNGNVLDPLDMVDGLSLPELLEKR 81.1 5 AGSVNGDIPIVDMDGLSIPEILEKR 69.0
6 KSGNVDLPLDMVDGLSLPELLEKR 80.9 6 AGSVNGEVPIVDMDGLSIPEILEKR 68.9
7 KSGNVLDPMPMVDGLSLPELLEKR 80.8 7 PTSTVLDPLDMVDGLSLDKSLTLAH 66.5
8 KSGNVLDPDLMVDGLSLPELLEKR 80.8 8 TPSTVLDPLDMVDGLSLDKSLTLAH 66.5
9 KSGPGTADPLDMVDGLSLPELLEKR 80.8 9 VVSTVLDPLDMVDGLSLDKSLTLAH 66.5
10 SKGNVDLPLDMVDGLSLPELLEKR 79.9 10 VVSEALDPLDMVDGLSLDKSLTLAH 66.3

analysis 267 analysis 078

Matched peptide sequence: SKVNGDIPIDVMDGLSIPEILEKR

Permutations of matched peptide sequence: SKGNVIDPLDMVDGISLPELLEKR,
SKGNVIDPLDMVDGISLPELLEQR, SQGNVIDPLDMVDGISLPELLEKR,
SQGNVIDPLDMVDGISLPELLEQR, SKGNVIDPLDMVDGLSLPELLEKR.
SKGNVIDPLDMVDGLSLPELLEQR, SQGNVIDPLDMVDGLSLPELLEKR,
SQGNVIDPLDMVDGLSLPELLEQR, SKGNVLDPLDMVDGISLPELLEKR,
SKGNVLDPLDMVDGISLPELLEQR, SQGNVLDPLDMVDGISLPELLEKR,
SQGNVLDPLDMVDGISLPELLEQR, SKGNVLDPLDMVDGLSLPELLEKR,
SKGNVLDPLDMVDGLSLPELLEQR, SQGNVLDPLDMVDGLSLPELLEKR,
SQGNVLDPLDMVDGLSLPELLEQR






