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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Thereare thregoroven 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: http://www.matrixscience.com/search_form_select.html
MS-Fit (Protein Prospector):

PeptideMass (Expasy): https://web.expasy.org/peptide_mass/
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 there are several
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 as Mowse and PeptideSearch, are no longer available.
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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,

others require more. Weol | be discussing mo
presentation.
I n theory, you could design a search engine

to work everything out from the mass values, but this would be very inefficient. If you know
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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User : Low Scene

tmail leures . edu

Search title  © Simple PHF exasple

w5 data file FTgATGsaT. mgf

Database ¢ SwissProt 2071 04 (565928 sequences) 204173280 residues)

Timestamp 24 May 2022 at 15:16:55 GNT

Top Score 3 for 816_VEAST, Endoplasmic reticulum chaperone BIP OS«Saccharmyces cerevisise (strain ATCC 204508 / S288c) OX
SwissProt Decoy.

Protein hits above identity threshold 1 0

Highest sconng protemn hut 8 51

Mascot Score Histogram

Protein score is -10*Log(P), where P is the probability that the observed match is a random event
Protein scores greater than 70 are significant (p<0.05).
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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
the technique was how to tell whet her the
of the Ilist é that is, a false positive.

There have been various attempts to deal with this problem, which | will describe when we
come to discuss scoring.

t



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.



