Introduction to Database
Searching using MASCOT

MASCOT MALRI

This presentation introduces the topics we will discuss in depth in subsequent talks. It
assumes a working knowledge of protein chemistry and mass spectrometry, but no
experience of database searching.




Three ways to use mass spectrometry data for
protein identification

1.Peptide Mass Fingerprint

A set of peptide molecular masses from an enzyme digest of a
protein
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There are three proven ways of using mass spectrometry data for protein identification. The
first of these is known as a peptide mass fingerprint. This was the original method to be
developed, and uses the molecular masses of the peptides resulting from digestion of a
protein by a specific enzyme.
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Peptide mass fingerprinting can only be used with a pure protein or a very simple mixture,
so the starting point will often be a spot off a 2D gel. The protein is digested with an

enzyme of high specificity; usually trypsin, because this is reliable and inexpensive and
produces peptides of a suitable size, but any specific enzyme can be used. The resulting

mixture of peptides is analysed by mass spectrometry. This yields a set of molecular mass
values, which are searched against a database of protein sequences using a search engine.

For each entry in the protein database, the search engine simulates the known cleavage

specificity of the enzyme, calculates the masses of the predicted peptides, and compares the

set of calculated mass values with the set of experimental mass values. Some type of

scoring is used to identify the entry in the database that gives the best match, and a report is

generated. | will discuss the subject of scoring in detail later.
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If the mass spectrum of your peptide digest mixture looks as good as this, and it is a single
protein, and the protein sequence or something very similar is in the database, your chances
of success are very high.

We dondét submit the raw data to the search
reduced to a peak list: a set of mass and intensity pairs, one for each peak. We call this
procedure peak detection or peak picking.

In a peptide mass fingerprint, it is the mass values of the peaks that matter most. The peak
area or intensity values are a function of peptide basicity, length, and several other physical
and chemical parameters. There is no particular reason to assume that a big peak is
interesting and a small peak is less interesting. The main use of intensity information is to
distinguish signal from noise.

Mass accuracy is important, but so is coverage. Better to have a large number of mass
values with moderate accuracy than one or two mass values with very high accuracy.



PMF Servers on the Web

Mascot:

MS-Fit (Protein Prospector):
PeptideMass (Expasy):
SpectrumMill:

Mowse, PeptideSearch, Profound (Prowl), Protocall, Aldente,
& Xproteo, Bupid, MassSearch
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These presentations will focus on Mascot, but you should be aware that theefevare

other PMF search engines on the web. There are also software packages available for
download to run locally or sold as commercial products. Some of the early search engines,
such asMowseandPeptideSearchare no longer available.
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Search title
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PhoX_test
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SPIKE_SARS2
SwissProt

Taxonomy | All entries

- none selected —

Protein mass
Mass values @MH* OM, OM-H
Data file FTgAIGsmT.mgf
745431100
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797.396600
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Start Search ...
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Acetyl (K)

Acetyl (N-term)

Acetyl (Protein N-term)
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Amidated (Protein C-term)
Ammonia-ioss (N-term C)
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« database
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This is the Mascot search form for a peptide mass fingerprint. Besides the MS data, a

number of search parameters are required. Some search engines require fewer parameters,
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the enzyme was trypsin, much easier to supply this information as part of the search.

To perform a search, you paste your peak list into the search form, or upload it as a file,
enter values for the search parameters, and press the submit button.
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A short while later, you receive the results.

A peptide mass fingerprint search will almost always produce a list of matching proteins,

and something has to be at the top of that list. One of the main problems in the early days of
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There have been various attempts to deal with this problem, which | will describe when we

come to discuss scoring.
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Focus: PROTEOMICS
ACCOUNT AND PERSPECTIVE

Protein Identification: The Origins
of Peptide Mass Fingerprinting

William ]J. Henzel and Colin Watanabe

Protein Chemistry Department and Bioinformatics Department, Genentech, Inc.,
South San Francisco, California, USA

John T. Stults
Analytical Sciences Department, Biospect, Inc., South San Francisco, California, USA

Peptide mass fingerprinting (PMF) grew from a need for a faster, more efficient method to
identify t'rcquemfj\' observed proteins in electrophoresis gels. We describe the genesis of the
idea in 1989, and show the first demonstration with fast atom bombardment mass spectro-
metry. Despite its promise, the method was seldom used until 1992, with the coming of
significantly more sensitive commercial instrumentation based on MALDI-TOF-MS. We
recount the evolution of the method and its dependence on a number of technical break-
throughs, both in mass spectrometry and in other areas. We show how it laid the foundation
for high-throughput, high-sensitivity methods of protein analysis, now known as proteomics
We conclude with recommendations for further improvements, and speculation of the role of
PMF in the future. (] Am Soc Mass Spectrom 2003, 14, 931-942) © 2003 American Society for
Mass Spectrometry

~Henzel, W. J., Watanabe, C., Stults, J. T., JASMS 2003, 14, 931-942.
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If you want to learn more about the origins and development of peptide mass fingerprinting,
I can recommend this review by the Genentech group. They discuss the history and the
methodology in a very readable style.
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R

SSS§
PON

Fast, simple analysis

High sensitivity

Need database of protein sequences
«not ESTs or genomic DNA

Sequence must be present in database
or close homolog

Not good for mixtures
« especially a minor component.
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One of the strengths of PMF is that it is an easy experiment that can be performed using just
about any mass spectrometer. The whole process is readily automated and MALDI
instruments, in particular, can churn out high accuracy PMF data at a very high rate.

Inprincipleei t i s a sensitive technique because yc
matter too much if a small part of the protein fails to digest or some of the peptides are
insoluble or dono6t fly very wel/l

One of the limitations is that you need a database of proteins or nucleic acid sequences that
are equivalent to proteins, e.g. mRNAs. In most cases, you will not get satisfactory results
from an EST database, where most of the entries correspond to protein fragments, or
genomic DNA, where there is a continuum of sequence, containing regions coding for
multiple proteins as well as naoding regions. This is because the statistics of the

technique rely on the set mass values having originated from a defined protein sequence. If
multiple sequences are combined into a single entry, or the sequence is divided between
multiple entries, the numbers may not work.

If the protein sequence, or something very similar, is not in the database, the method will
fail. If you are studying a well characterised organism, such as human or mouse or yeast,
this is unlikely to be a problem. If you are studying a virus or plant with an unsequenced
genome, it can be a major problem, and you depend on getting matches to homologous
proteins from related organisms.

The most important limitation concerns mixtures. If the data quality is good, then it may be
possible to identify a two component mixture, where both components are at a similar level,



and on very rare occasions three. But if the data are poor, it can be difficult to get any match
at all out of a mixture, and it is never possible to identify a minor component.

To identify proteins from mixtures reliably, it is necessary to work at the peptide level. That
is, using MS/MS data.
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The experimental workflow for database matching of MS/MS data is similar to that for
PMF, but with an added stage of selectivity and fragmentation.

Again, we start with protein, which can now be a single protein or a complex mixture of
proteins. We use an enzyme such as trypsin to digest the proteins to peptides. If it is a
complex mixture, such as a whole cell lysate, we will probably use one or more stages of
chromatography to regulate the flow of peptides into the mass spectrometer. We select
peptides one at a time using the first stage of mass analysis. Each isolated peptide is then
induced to fragment, possibly by collision, and the second stage of mass analysis used to
collect an MS/MS spectrum.

Because we are collecting data from isolated peptides, it makes no difference whether the
original sample was a mixture or not. We identify peptide sequences, and then try to assign
them to one or more protein sequences. One consequence is that, unless a peptide is unique
to one particular protein, there may be some ambiguity as to which protein it should be
assigned to.

For each MS/MS spectrum, we use software to try and determine which peptide sequence in
the database gives the best match. As in the case of a peptide mass fingerprint, each entry in
the database is digested, in silico, and the masses of the expected peptides calculated. If a
calculated peptide mass matches the experimental one, the mass values expected to result
from the gas phase fragmentation of the peptide are calculated and the degree of matching
to the peaks in the MS/MS spectrum scored.

Unlike a peptide mass fingerprint, use of a specific enzyme is not essential. By looking at

10



all possible susequences of each entry that fit the precursor mass, it is possible to match
peptides when the enzyme specificity is unknown, such as endogenous peptides.

10
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»Roepstorff, P. and Fohlman, J. (1984). Proposal for a common nomenclature for
sequence ions in mass spectra of peptides. Biomed Mass Spectrom 11, 601.
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Database matching of MS/MS data is only possible because peptide molecular ions
fragment at preferred locations along the backbone. In many instruments, the major peaks in
an MS/MS spectrum are b ions, where the charge is retained orténmiNus, and y ions,

where the charge is retained on th&e@ninus.

However, this depends on the ionisation technique, the mass analyser, and the peptide
structure. Electron capture dissociation, for example, produces predominantly ¢ and z ions.

11



R‘1 0] RIZ R3 O R4 F|‘"2 o] I‘QE’ TS
[ + | " .
H2N7?7C7T:? o=C— ‘7|7 7N|7(‘E7COOH H2N7<|:7cfn‘l—(‘:—c:zo H2N=(|3
H H H H H H H H
2 X,
R1 O R2 R3 O R4 Internal Immonium
HyN— ‘—Q—N—é—c:o‘ H N —g—Nl— ‘ —COOH
H o H H H  HH lon | Neutral M,
b, o Type
I ey o P
HN—G—C—N—C—C—NH, ?chl\‘lft‘zflCOOH a a-NH,
H H H H H H 2 a-H,0
c, z, Sequence lons b [NI+[M]-H
b b-NH;
He+ Hs
R1 O CHR o] R4 b b-H,0
[ I I |
HZN—CIZ—C—I\‘I CI: HN:(li—C—IT—(IZ—COOH c [N]+[M]+NH,
H H H H H d a - partial side chain
d v
v y - complete side chain
‘CHR“ : R|‘4 H Satellite lons w z - partial side chain
| |
?—C—W—?—COOH X [C]+[M]+CO-H
H H H y [Cl+[M]+H
we y* y-NH;
Papay:. A interpr i ision-induc ccociati y* y-H,0
~Papayannopoulos, IA, The interpretationof collision-induced dissociation
tandem mass spectra of peptides. Mass Spectrom. Rev., 14(1) 49-73 (1995). z [C]+[M]-NH,
> Introduction © 2007-2023 Matrix Science MATRIX
MASCOT SCIENCE

I f peptides fragmented cleanly and wunifor ml
database search. We would see a ladder of peaks for each ion series, where the distance

from one peak to the next was the mass of an amino acid residue, allowing the sequence to

be read off the spectrum. In real life, fragmentation is rarely perfect, and the spectrum will
usually show significant peaks from side chain cleavages and internal fragments, where the
backbone has been cleaved twice. More importantly, the backbone may fail to cleave at

certain locations, so that the MS/MS spectrum has no evidence for some of the residues.

This slide shows the most common fragment I
reckonero that can be wused t derngnallgroup,l at e t he
(hydrogen for free amine). C is the mass of thei@inal group, (hydroxyl for free acid).

M is the sum of the residue masses

This review by loanni®apayannopoulas a good introduction to the fragmentation
chemistry of peptide ions in the gas phase

To determine the neutr al ghtmnesaddohe massolthena &6 b
terminal group, which i s nor madglcigesiglidst a h
and subtract a hydrogen which leaves a mass of 114. To get the singly charged ion, we need
to add a proton, which gives a mass/charge of approximately 115.

0
y
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Three ways to use mass spectrometry data for
protein identification

1. Peptide Mass Fingerprint

A set of peptide molecular masses from an enzyme digest of a
protein

2. Sequence Query

Mass values combined with amino acid sequence or composition data

_ . — MATRIX
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Which brings us to the second method of usirags spectrometry data for protein
identification: a sequence query in which mass information is combined with amino acid
sequence or composition datde most widely used approach in this category is the
seqguence tag, developed by Matthias Mann and Matiliias at EMBL.

13



Sequence in the database

Figure 1. Principle of matching peptide sequence tags to a
proposed sequence. The upper chain of amino acids represents the
peptide sequence as measured by MS/MS (from Table 1 in this
example), and the lower chain represents amino acids in the
sequence database that the tag is compared to. Note that the partial
sequence divides the peptide into three regions. The added mass
my of the residues in region 1, together with the N-terminus, is a match
criterion as is the added mass in region three, ms. In region 2, the
sequence is known. Furthermore, it can be required that the peptide
obey the cleavage condition of the proteolytic enzyme, marked by
KR for trypsin. The left pointing arrow indicates that both search
directions may have to be considered.

»Mann, M. and Wilm, M., Error-tolerant identification of peptides in sequence
databases by peptide sequence tags. Anal. Chem. 66 4390-9 (1994).

MASCOT - Introduction © 2007-2023 Matrix Science S%?EIE\{II(%(E

In a sequence tag search, a few residues of amino acid sequence are interpreted from the
MS/MS spectrum.

Even when the quality of the spectrum is poor, it is often possible to pick out four clean
peaks, and read off three residues of sequence. In a sequence homology search, a triplet
would be worth almost nothing, since any given triplet can be expected to occur by chance
many times in even a small database.

What Mann andVilm realised was that this very short stretch of amino acid sequence might
provide sufficient specificity to provide an unambiguous identification if it was combined
with the fragment ion mass values which enclose it, the peptide mass, and the enzyme
specificity.

14
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Picking out a good tag is not trivial, and requires both luck and experience. In this spectrum,
we can see a promising four residue tag. The syntax used by Mascot for a sequence tag is

shown
presentation

bel ow the spectrum. Wedll

di

SCUSS

t hi

15



Sequence Query Servers on the Web

Mascot:
MS-Seq (Protein Prospector):

# PeptideSearch, Multildent

_ . — MATRIX
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There are &w software packages for sequence query searches. As with PMF, | have
limited my list to servers that are publicly available on the web. Not such a wide choice as
for PMF.

16
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Search title
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PhoX_test
SARS-CoV-2 Allow up to |1 v |missed cleavages
SPIKE_SARS2
SwissProt Quantitation | None v
Taxonomy | All entries >
Fixed
Carbamidomettryl (C) Acetyl (K)
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Acetyl (Protein N-term)
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Amidated (Protein C-term)
Display oll modications Ammonia-loss (N-term C)
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Variable
modifications ol Carbamyi (K)
Carbamyl (N-term)

Carbowymethy (C)
Cation:Na (C-term)

Peptide tol. 2 0.6 Da v #1330 v MS/MStol. 2 06 Da v
Peptide charge 1+ Monoisotopic (& Average

1489422728 from(1499.430000,1+) tag(650.213,GHSV,1079.335) query(1)

Query

Instrument | ESITRAP v
Decoy

Start Search ... Reset Form
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| entered the tag shown earlier into the Mascot Sequence Query searcAdavith a

PMF, several search parameters are required, such as the database to be searched and an

estimate of the mass accuracy.

17
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This is the result report from the sear€here is just one peptide in the database that

matches: LQGIVSWGSGCAQK from bovine trypsinogen.

The score i
trypsin , keratin, or BSA)

S

good,

b uvery safg graund iadcepting anywaatcmto t

y
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Sequence Tag

Rapid search times

«Essentially a filter
Error tolerant

» Match peptide with unknown modification or SNP
Requires interpretation of spectrum

« Usually manual, hence not high throughput
Tag has to be called correctly

« Although ambiguity is OK

2060.78 tag(977.4,[Q|K][QIK][QIK]EE,1619.7).

MASCOT - Introduction ® 2007-2023 Matrix Science MATRIX

SCIENCE

A sequence tag search can be rapid, because it is simply a filter on the database.

However, the standard sequence tag is essentially obsolete. It is easier and more reliable to
skip the interpretation step and pass the peak list to the search engine. The reason the
sequence tag is stildl i mportant i s because
consists of relaxing the specificity, by removing the peptide molecular mass constraint. The
tag is effectively allowed to float within the candidate sequence, so that a match is possible
even if there is a difference in the calculated mass to one side or the other of the tag. This is
one of the few ways of getting a match to a peptide when there is an unsuspected
modification or a variation in the primary amino acid sequence.

Tags can be called by software. But, in most cases, they are called manually, which requires
time and skill.

If the tag is not correct, then no match will be found. In Mascot, ambiguity is OK, as long as
it is recognised and the query is formulated correctly. Obviously, I=L and, in most cases,
Q=K and FMetOx. Software or a table of mass values can help identify the more common
ambiguities. Even so, it is very difficult to identify all possible ambiguities, especially when
we allow for missing peaks.

19



Three ways to use mass spectrometry data for
protein identification

1. Peptide Mass Fingerprint

A set of peptide molecular masses from an enzyme digest of a
protein

2. Sequence Query

Mass values combined with amino acid sequence or composition data

3. MS/MS lons Search

Uninterpreted MS/MS data from a single peptide or from a complete
LC-MS/MS run

_ . . MATRIX
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Which brings us to the third category: Searching thiaterpretedMIS/MS data from a
single peptide or from a complete IMS/MS run.That is, using software to match the peak
list, without any manual sequence calling.

20
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Figure 1. Flow chart that depicts the alogrithm for searching
protein databases with tandem mass spectrometry data.
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This approach was pioneered by John Yates and Jimmy Eng at the University of
Washington, Seattle. They used a cross correlation algorithm to compare an experimental
MS/MS spectrum against spectra predicted from peptide sequences from a database. Their
ideas were implemented as thequesprogram.



MS/MS lons Search Servers on the Web

Inspect / MS-GFDB
Mascot

MS-Tag (Protein
Prospector)

PepFrag (Prowl)

RAId_DbS
Not on-line Andromeda, Byonic, Comet, greylag, Morpheus, Myrimatch,
MSFragger, OMSSA, Paragon, Peaks DB, PepSplice, pFind, Phenyx,
ProblID, ProLuCID, ProteinLynx GS, Sequest, SIMS, SpectrumMill,
Tide, X!Tandem (The GPM), etc. etc.
MASCOT - Introduction ® 2007-2023 Matrix Science g’g‘gﬁgﬁa
There is a wide choice of search engines on the web for performing searches of
uni nterpreted MS/ MS dat a. |l 6ve also | isted

which includesSequest

As with a peptide mass fingerprint, the starting point is a peak list. There are several

different formats for MS/MS peak lists, and this may constrain your choice of search engine

22
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This is the Mascot search form for an MS/MS search. Fairly similar the previous two and, as
before, you must also specify the database, mass accuracy, modifications to be considered,

etc.
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The results from this type of search tend to be more complicated to report. This is because
the results usually represent a number of MS/MS spectra, rather than a single spectrum.

We match peptide sequences to individual MS/MS spectra, then try to assign these peptide
seqguences to proteins. Usually, there is ambiguity, and we aim to report a minimal list of
proteins. That is, the shortest list of proteins, grouped into families by shared peptides, that
can account for all the observed peptide matches. So, the report lists a series of protein
families and, for each protein family, the peptide matches that have been assigned. But,
there is an additional dimension to the data.

24
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For each spectrum, there may be multiple possible peptide matches. This particular Mascot
report uses a pepp window to show the alternative peptide matches to each spectrum. In
this case, the top match has a high score and the other matches are low scoring, random

matches, so no ambiguity. In other cases, the top two or three matches may all be
interesting, such as a phosphopeptide where there are several potential phosphorylation sites
and moving the phosphate from one site to another only changes the score slightly.

25



MS/MS lons Search

Easily automated for high throughput
Can get matches from marginal data

Can be slow if:
No enzyme
Many variable modifications
Large database
Large dataset

MS/MS is peptide identification
Proteins by inference.

. . . : MATRIX
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To summarise, searching of uninterpreted MS/MS data is readily automated for high
t hroughput wor k. Most fiproteomics pipelines

It offers the possibility of getting useful matches from spectra of marginal quality, where it
would not be possible to call a reliable sequence tag. Imagine a weak or noisy spectrum that
gets a match with a poor score. In isolation, this might be insufficient evidence for the
presence of a protein. But, if there are other, similar quality spectra with matches to the
same peptide or to other peptides from the same protein, taken together and with the right
safeguards, they can provide a degree of confidence that the protein has been identified.

On the down side, such searches can be slow. Particularly if performed without enzyme
specificity or with several variable modifications.

Always remember that it is peptides that are being identified, not proteins. From the
peptides that have been identified, we try to infer which proteins were present in the sample.

Anotherapproach we can take with MS/MS peak lists is to search spectral libraries.
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Spectral Library Search

Hertz, H. S, Hites, R. A., and Biemann, K
(1971)

Identification of mass spectra by
computer-searching a file of known spectra

! Anal. Chem. 43, 6, 681-691

Stein, S. and Scott, D. R. (1994).

7 Optimization and testing of mass spectral
5 BN N library search algorithms for compound

L identification, J. Am. Soc. Mass

4w Spectrom., 5, 859-66

Figure 2. Point representation of library search results (L) for a
hyputhetical three-peak unknown (U) spectrum (masses M1, M2,
and M3)

_ , . MATRIX
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Spectralibrary searching of small molecules has been around for a long time as this
Biemannpaper from 197 attestsbutonly more recently used for proteomics and peptide
identification.

The earliest one wadIST MS Searchintroducedin 1994 whichalsoprovidedmass
spedral libraries to search
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MS/MS Spectral Library Search Servers on the Web

SpectraST Spectrum
Library Search
Mascot
Protein Prospector
Batch-Tag
Not on-line BiblioSpec, COSS, Epsilon-Q, Mistle, MS PepSearch, NIST MS
Search, PEAKS Studio, Pepitome, PeptideAtlas, Pmatch,
Progenesis, Scaffold, Skyline, SpectraST, etc
MASCOT - Introduction ® 2007-2023 Matrix Science Sr:flcj?lgjli\{llé(E

Initially, spectrallibrary searching was not as popular as other methods because the peptide

libraries were incomplete. Around 2006 things started to change with mass spec data
becoming available on a large scale. Multigectrallibrary search engine papers were

published that year.

Most spectrallibrary search engines are only available to install andaeadly. Of thetwo
originally on the webSpectraSTand X! Hunter only SpectraSTs still available

Mascot integrates NISMISPepSearchwhich is available for use on our public website.
Thereare number of other SL search engines that are available for download and local

searching
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MASCOT MS/MS lons Search

Your name
Search title

Database(s)

richard v

NIST_Human_HCD (SL)

Email

richardj@matrixscience.com

Mus_musculus_GRCm39_geno
Test_DNA
ZEST_human

Spectral library (SL)
MassIVE_HumanHCD

NIST_Human_lonTrap
NIST_Rat_QTof
PiM_PiZ_SL
PRIDE_Contaminants
PRIDE_Human

Taxonomy  All entries hed
Enzyme | Trypsin v Allow up to |1 v | missed cleavages
Quantitation  None
Crosslinking  None
2 Fixed - none selected - 6C-CysPAT (C)
modifications > 6C-CysPAT (N-term)
Acetvl (K)
MASCOT - Introduction © 2007-2023 Matrix Science g/(ljﬁl‘lgjli\{llé(E

The input and output of a spectral library search uses the same input form and report format

asMS/MS lons Search. Thiglascotsearch enginand NISTMSPepSearchreintegratel.

Combinedsearches can be run by selectirgpectrallibrary database andRASTA

databasén the search form.
Spectralibraries are irsectionseparate from sequence databases.

Most search parametersnodifications, enzyme, missed cleavages, taxonomy, and
instrument si mply donot

search portion

The precursor and fragment ion toleranapply to both.

saapcpdlthough they are usad bor tiee atabase
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K east L e e Mascet

Protein Family Summary

Fomat | significance threshold (300 |Max. number of families AUTO

Display non-sig. matches

¥ Sensitivity
Proteins (976) || Report Builder || Unassigned (3884)

Protein families 1-10 (out of 929)

10 viperpage 12 (2 4|56 .. 23 Mext Expand all | | Collapse all
Accession v | contains v Find Clear
vy KPYKL_YEAST 24012 Pyruvats kinase 1 OS-Saccharomyces cerevasine (stran ATCC 204508 / S286c) OX=559
Score  Mass  Matches  Sequences
L1 SKPYK1_YEAST 24012 54510 68 (68 43 (43) Pyruvate kinase 1 O5=Saccharomyces cerevisiae (stram ATCC 204508 / 5186¢) OX=350292 GN~CDC19 PE=1 5V=2

¥68 peptide matches (59 non-duplicate, 9 duplicate)

Auto-fit to window

Query Dupes Observed Mr{expt) Mr(calc) pPm M Score Source  Expact

#[help)

MASCOT

- Introduction © 2007-2023 Matrix Science

MATRIX
SCIENCE

Results are presented in the same format as an
and the peptide matches

MS/MS search with a list of inferred proteins

Spectral libraries typically contain only peptidel information. Mascot maps spectral

library matches to a reference sequence database, which enables robust protein inference.
Eachlibrary entry is assigned to all the accessions from the refedatabas¢hatcontain

the peptide sequence, ignoring enzyme specificity. This means that, in favourable cases,
protein inference will be just as good as if the matches had been found in a search of the
referencesequence database

Whenan entry has no reference accession, we ugertihein metadata from the spectral
library, if presentWhen the reference file is well chosen, as in the example, few or no
spectral libraryaccessions will be visible in the summary report
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8 Auto-fit to window

Query Dupes

ba
‘i

17399 Ghoarsktehyde- 3 pstphate dehyarogenass 3 DS=SHOMMGmTES Corewiins

»2 PR— e L~
2 G3P2 YEAST 14545 Ghvceraideivde 3 phesphate debyirogenase  OS=Saccharcemvces cenernuas
MATRIX

MASCOT - Introduction © 2007-2023 Matrix Science SCIENCE

As in MS/MS reports there is an additional dimension to the Bataach spectrum, there
may be multiple possible peptide matches which are displayed in thegppemdow.
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Spectral Library Search

Easily automated for high throughput
Very Fast
Can only match spectra in the database

Predetermined enzyme specificity or fixed and variable
modifications

Can match peptides in the library with:
Semi-specific cleavage or different enzyme(s)
Uncommon variable modifications

Spectral Library search is peptide identification
Proteins by inference.

_ . . MATRIX
MASCOT - Introduction ® 2007-2023 Matrix Science SCIENCE

Just like MS/MSsearchegthe process is easily automated for high throughigus is one

of the fastest ways to search uninterpreted MSdslita Oneof the reasons why it is so fast
is that the search ontonsiderspectra in théibrary, which is a smaller search space than
traditionaldatabasesearching

Mostsearch parametersmodifications, enzyme, missed cleavages, taxonomy, and

instrument si mply dondt ap plhese are@predgetermingd wteemthe s ear c !
library is createdHowever if the library contains peptidethat are outside the database

search space, such as differenzymeor uncommon variable modificatiorthenthey will
automatically be included in the search.

Asin MS/MSsearchingthespectral library search is identifying peptides not proteins.
Unlike an MS/MS search against proteifiem a FASTAfile, the spectral library contains
limited protein information beyond an accession number and the peptide sequence. Instead,
a reference library iselectedvhenthe library is set up and proteilatais takenfrom there.
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To complete this overview, Il 6d |Ii ke to comp
searching using MS data versus MS/MS dahe MS/MS analysis covers both database
searching and spectral library searching.

The mass spectrum of a tryptic digest of a protein of average size might contain 50 peptide
masses, not dissimilar from the MS/MS spectrum of an average sized tryptic peptide. Thus,
the Ainformation contento of the individual
are perceived to be more powerful is mainly that the data set often contains many spectra,
multiplying the information content. However, at the single spectrum level, there is little to
choose.

In a peptide mass fingerprint, the boundary condition is that the peptides all originate from a
single protein. In an MS/MS search, the boundary condition is that the fragments all

originate from a single peptide. The weakness of the peptide mass fingerprint is that this
boundary condition is often violated, and the spectrum actually represents the digest

products of a protein mixture. The MS/MS boundary condition can also be violated, when

we analyse celuting, isobaric peptides. If this happens, and we have a mixture, the

MS/MS search is just as likely to fail as the PMF. We tend not to notice this, because there

are many reasons why spectra fail to get matches, such as unsuspected modifications or

i ncorrect precursor mass or charge. We dono
see that some of these al@eto acquiring a mixed MS/MS spectrum.

In the peptide mass fingerprint, the specificity comes from the predictable cleavage
behaviour of the proteolytic enzyme. Thus, we want an enzyme with a low cutting
frequency, such as trypsin. In the MS/MS ions search, the specificity comes from the mostly
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