Proteomics

Lecture 5 — Identification of proteins using mass
spectrometry: Mass fingerprinting vs peptide
sequencing.



Il. 2. Identification of proteins using mass spectrometry
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E. Sequencing of the
resulting peptides using
mass spectrometry.

Il proteomic methods involve fractionating protems from the sample and digesting them to generate a mixture
of peptides. Depending on the type of mass spectrometry instrument used, the information obtained from peptide
analysis can be used for protein identification. Two distinct approaches for protein identification have been described:

I
A. Mass fingerprinting - Methods that use mass spectrometers operating in full scan mode to identify the m/z of
peptides in the mixture. The obtained values are then used to identify the proteins from which these peptides
originate.
B. Peptide sequencing - Methods that use tandem mass spectrometers, which identify the m/z of peptides in the

mixture and then fragment them to identify the amino acid sequence of each peptide. The amino acid sequences
are then used to identify the proteins from the initial mixture.
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Il. 2. Identification of proteins using mass spectrometry

A. Peptide mass fingerprinting, PMF

This identification method is based on the presumtion that that, given the complete genome of an organism,
it could theoretically be possible to generate a list of all the proteins in that organism by performing in silico
translation using computers. Knowing how proteases work (trypsin hydrolyzes the peptide bond at a K or R residue,
if not followed by a P), it would also be possible, again using computers, to generate a list of all the peptides that
could potentially result from the digestion of each protein constituting the proteome of that species. For the
theoretical peptides generated, their origin (the protein from which they originate), length, sequence, and thus
their mass could be calculated. In this way, it would be possible to create extensive lists with the theoretical masses
of peptides obtained through virtual digestions, each peptide being associated with the protein from which it
originates. Some of these peptides, especially those with more than 6 amino acids, have unique masses, which
means that each protein is associated with a variable number of unique mass values - a mass fingerprint of the

protein, created based on the masses of the peptides.
Through laboratory processing of a sample obtained from the organism of interest,

the proteins present in the sample are typically hydrolyzed, and the resulting peptides
are most commonly analyzed using a MALDI-TOF mass spectrometer (Matrix-Assisted
Laser Desorption/lonization coupled with Time-of-Flight mass analyzer). The instrument
identifies the mass-to-charge ratio (m/z) values for each peptide in the sample. If the
measured mass is unique and matches one of the theoretical masses in the extensive
list of theoretical peptide masses obtained through virtual digestions, then it is highly
likely that the real peptide matches the theoretical one, indicating the presence of the
parent protein in the sample. The higher the number of real peptides identified with
corresponding masses to the virtual peptides belonging to the same protein, the higher
the level of confidence that the protein is present in the sample.
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By matching the masses of peptides measured using a mass spectrometer with the theoretical masses of
peptides that could potentially exist in the respective organism, the proteins present in an unknown sample can be
identified. The success of peptide mass fingerprinting in protein identification depends on two key factors:

- The accuracy of the measurements: It is crucial for the mass spectrometer to provide precise measurements of peptide masses.
Any error in determining the real mass of the peptide can lead to incorrect protein identification. This is why MALDI-TOFs are

prefered for this approach;

- The uniqueness of the identified peptides: Peptides with unique masses that correspond to
specific proteins increase the confidence in protein identification. If multiple peptides with
matching theoretical masses are identified from the measured spectra, it strengthens the
certainty of the protein's presence in the sample.

- The completeness of the theoretical peptide database: The quality of the database used for
matching the measured peptide masses with theoretical masses greatly influences the success
of protein identification. A comprehensive and accurate database covering a wide range of
organisms improves the chances of finding matches for the measured peptides.

The main limitations in the application of mass fingerprinting methods relate to:

1. While sequence databases are extensive, they rarely contain complete and annotated
genomes (gene positions are described, start and stop codons are identified) of a species;

2. In higher organisms, there are numerous homologous proteins, which are very similar in
sequence, and their mass fingerprints are also very similar or even identical.

3. Sequence databases rarely contain information about post-translational modifications
(PTMs) of proteins. In the case of a protein undergoing PTM, the theoretical mass
fingerprint is significantly different from the real one and cannot be identified using this
method.
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Il. 2. Identification of proteins using mass spectrometry

B. Peptide sequencing by tandem mass spectrometry (MS/MS) seeks to overcome the limitations of PMF by
fragmenting peptides in a collision cell, analyzing the resulting fragments (fragment ions/daughter ions) to identify
the amino acid sequence. The calculated amino acid sequence is then used to identify the proteins present in the

sample.

Peptide sequencing by MS/MS is based on the observation that the interaction between the inert gas and
peptides in the collision cell leads to breaking of covalent bonds and generation of peptides fragments. The key point
is that the fragmentation of peptides (ie. breakingg of covalent bonds) is rather predicatable and thus, a limited set
of ions are formed:
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1. bions andyions -are formed by breaking the peptide bond between the carbonyl
carbon and the amidic nitrogen. The b ion carries the amino group from the N-
terminal end of the precursor parent peptide and a positive charge on the carbonyl
carbon due to the peptide bond cleavage. The y ion contains the C-terminal end of
the precursor parent peptide and a positive charge on the NH, group resulting
from the peptide bond cleavage. If the peptide was obtained by trypsin hydrolysis,

R the C-terminal end contains the amino acids Arg or Lys - di-aminic amino acids, so y

ions may carry an additional positive charge.
2. A ions and z ions — formed by breaking the bond between the C-

COQ- carbonyl and Ca atoms. The a ion carries the amino group from the N-
terminal end of the precursor peptide, while the ion z contains the C-
terminal end of the precursor peptide.

3. cions and x ions — formed by breaking the bond between the amidic N and Ca

atoms. The c ion carries the amino group from the N-terminal end of the precursor
peptide, while the x ion contains the C-terminal end of the precursor peptide.

Proteomica — Curs V Pagina 5din 9



Il. 2. Identification of proteins using mass spectrometry

In the collision cells of MS/MS spectrometers used in proteomics - triple-quads, ion traps, or Q-TOF
instruments - peptide bonds are most commonly broken, leading primarily to the formation of y and b ions.
However, there is no preference regarding which peptide bonds or amino acids will be cleaved during this process.

or example, in the case of a peptide with the sequence . *HyN_ _NH
AVAGCAGAR, any of the peptide bonds can be cleaved, sl pitk 2.2_;\ m;b;,\ ‘0.,:;2\ 47;:;2\ m:ﬁ\ PP Y

resulting in the formation of a series of y and bionsas ~ , v Al 6 c A G A |lR
HS

represented in the figure. o o o -
The numbers of the ions within a series correspond to | NJ\W'"N NHJ\(M,\)LNHJ\W NH N“/\lfn o —
the position of the peptide bond that is cleaved, and | S 3 0 H

consequently, to the number of amino acids contained
in that fragment.

The mass of each y or b ion within a series is the sum of NRHE RIS NSU NS NIM et X
the masses of the amino acid residues it contains. This

includes the molecular weight of the amino acids ‘)\ oo s
(minus 18 Da for the loss of water for the peptide bond ’ \f

formation) plus 1 Da for b ions (from the NH2 terminal
hydrogen) or plus 19 Da for y ions (from the OH at the

HS
COOH terminal plus 2H+ at the N amide). & - i H i
H:N W)L NH/YNW/“\E CO,H
0 0

The difference in mass between two consecutlve Yy 0

or b ions represents the mass of the amino acid AVAG* CAGAR*

residue by which they differ. This difference is the b, ¥s

parameter used for protein sequencing. IR0 e dT6:337

05.04.2024 Proteomica — Curs V Pagina 6 din 9

\175.211
M|

wE
g

HN



Il. 2. Identification of proteins using mass spectrometry

The MS/MS spectrum of the peptide AVAGCAGAR with highlighting of the signals for the y and b ion series.
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Fig. 4. Annotated MS-MS spectrum of the [M+2H]?* ion of AVAGCAGAR showing b- and
y-ions.
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Peptide sequencing by tandem mass spectrometry (MS/MS) involves recording the mass spectrum resulting
from the controlled fragmentation of each peptide through collision-induced dissociation (CID), followed by the
identification of the y and b ion series based on the dominant signals. The differences in m/z between ions of the
same ion series indicate the contained amino acids, while the order of the ions reflects the sequence in which these
ions are bound in the peptide structure. Generally, identifying one ion series (y or b) is sufficient to establish the
sequence of a peptide, but it is preferable to establish both series for verification (the y series complements the b
series).

Manual interpretation of an MS/MS spectrum of a peptide is called de novo sequencing and, depending on the
spectrum's complexity and the user's expertise, it can take from 15 minutes to several hours. Therefore, computer
based interpretation of MS/MS spectra is preferred, which involves comparing real MS/MS spectra with theoretical
MS/MS spectra. This process involves the following steps:

1. Generating a database with theoretical peptides using the known amino acid or nucleotide sequences from the
target organism;

2. Fragmenting these theoretical peptides and establishing all possible virtual mass spectra to be generated and
recorded; creating a new database with possible m/z values to be recorded for all theoretical ion series for these
theoretical peptides;

3. Running the sample and recording the real mass spectrum of a real peptide in the sample and identifying the
predominant m/z values;

4. Performing spectral matching — identifying which recorded mass spectra are found in the theoretical spectra
database. The search is performed by identifying which theoretical ion series best corresponds to the real ion
series.
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Fig. 1. Schematic representation of operation of Sequest algorithm for correlation of MS-MS
spectra with peptide sequences from databases.
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