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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
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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
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You will remember from the introduction, that sequence queries are searches where mass
information is combined with amino acid sequence or composition information



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 databass that the ag is compaied io. Note that the pairtial
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 : sequence Queries ©2007.2014 Matrix Scionce g%ﬁfgﬁl(}:{g

The best known example is a sequence tag search, where a few residues of amino acid
sequence are interpreted from the MS/MS spectrum.
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You can enter sequence tags, and other types of query, into the sequence query form.

Remember that all the search parameters, including enzyme specificity, modifications,
and precursor charge, still apply to this type of search.

Mascot will look for a match between the tag and the ion series specified by the
instrument type. Note that Mascot will only try to match the tag against ion series formed
by a single backbone cleavage, and maybe a neutral loss, like y or b* or y++. It won’t try
to match against side chain cleavage fragments, like d, v, w or internal fragments.



Standard sequence tag

Keyword is tag

What’s (probably) wrong with this tag?
1890.2 tag(1004.1, LSADTG, 1548.5)

Very unlikely that you would be able to call L from a

spectrum. Should be
1890.2 tag(1004.1, [I|L]SADTG, 1548.5)

Ambiguity is OK as long as it is explicitly represented
877.4 tag(376.2, [I|L][QIK][I|L], 730.2)
1869.93 tag(345.14, [I|L]A[VG|GV|R][M|F]G, 889.45)
(V& = R, F = MetOx)
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Unless you have high energy fragmentation, and are able to distinguish L from I by side
chain cleavage fragments, then this tag is wrong. It should be I or L.

Ambiguity in a tag is fine as long as it is recognised and spelt out. Most times, you won’t
know whether a residue is Q or K. F is almost identical to oxidised M. If the peaks are
weak, are you sure you have a mass difference of R, or could it be VG and the
intermediate peak is missing?



Error tolerant sequence tag

Keyword is etag

Peptide in database is
GVQVETISPGDGR, MH+ = 1314.7
b ion series tag called from TISP should be
1314.7 tag(513.3,T[I|L]SP,911.5)
But, if unknown modification or SNP increases mass

by 100 Da, mass values would become
N-term side: 1414.7 etag(613.3,T[I|L]SP,1011.5)
C-term side: 1414.7 etag(513.3,T[I|L]SP,911.5)

; i _ e MATRIX
MASCOT . Sequence QUEHES D 2007-2014 Matrix Science SCIENCE

If the sequence is in the database, it is easier and safer to perform an MS/MS search of
the peak list. In this sense, the standard sequence tag is obsolete.

The error tolerant tag, which can find a match when there is an unsuspected modification
or a small difference in the sequence, is very powerful and very useful.

Imagine we had an unmodified peptide of MH+ 1314.7 and we interpreted a tag of TISP
in the b+ series between peaks at 513.3 and 911.5.

What happens if there is a modification or SNP that increases mass by 100 Da?

If the mod is on the N-term side of the tag, all the masses shift up by 100. However, if it
is on the C-term side, only the peptide mass changes.

If the tag was in the y ion series, the reverse would be observed



Error tolerant sequence tag

Peptide mass is allowed to change by Am
EITHER both fragment ion masses unchanged
OR both fragment ion masses shift by Am

etags have low specificity
« Use reasonable peptide mass tolerance
» Must select an enzyme
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The error tolerant tag allows for this. In effect, it allows the peptide mass to vary and
allows the tag to float. However, the tag must stay attached to one end or the other. Either
both fragment ion masses are unchanged or both fragment ion masses shift by the same
amount as the precursor.

This causes a huge loss of specificity, so we cannot allow etag searches with very wide
peptide mass tolerance (> 1% or > 10 Da) or with no enzyme specificity. The enzyme
specificity in an etag search is never fully specific, in any case, because one end of the
peptide can just extend until it finds a cleavage point.



Sequence tag - general

Tag can run either way
1890.2 tag(1548.5, GTDAS[I|L], 1004.1)
1890.2 tag(1004.1, [I|L]SADTG, 1548.5)
Can have multiple tags per query

a87a 24 +a~(1AT7A AN unw 1077 A2V +a~xiT2A7 929 NLLT
Ciz.£3 Lay i3 I3.3V r Vihih , AV 1 . DLy Lay\iJ 7.8, LEW,

289.13) tag(l644.53, [L|I]PV, 1335.36

tag and etags are scored, like ions
« the more tags that match, the higher the score
« all tags are not required to match

If one tag in a query is etag, they are all etags
Cannot mix ions() with tag() or etag() in same query
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Tags can be entered with the high mass fragment on the left or the right. These two tags
are identical

Mascot allows multiple tags in a single query. That is, you can call multiple tags from a
single MS/MS spectrum. Tags are scored probabilistically. If one tag is wrong, you can
still get a good match from the tags that are correct.

If one tag in a query is an etag than all the tags for that query are treated as etags, (not all
tags in the search, just in the query)

Finally, you cannot mix ions qualifiers with tag or etag qualifiers. It would just be too
complicated.
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A lot of people call tags using a calculator and a table of mass values. An alternative is to
use Mascot Distiller. Let’s see how this works
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Maximise the window
Choose a likely looking peak, such as 987.384
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Right click to start a tag
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Click on any arrow to extend the tag. Where there’s a choice, I’1l just go for the biggest
peak and stop when it starts to look tricky
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Going to the right, there’s no choice and the descender from the second i (= or L) is
dotted to indicate we’ve reached the precursor mass, which is a bit of luck.

Going to the left, there is a choice of three residues. Zoom in for a closer look
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No doubt that W is the most intense, so we click on the arrow head to extend it
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Again, a choice of three. We’ll go with i
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M looks a bit dodgy, so we’ll go with I again
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No choice ... good!
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Lots of choice. Maybe time to give up
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Restore the window arrangement. Here’s our tag, but is it correct? Well, we just happen
to have database search results from this spectrum
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Our tag was wrong. It should have been GE in the middle, not W. Note that the sequence
is running left to right, telling us this is a y ion tag and the terminus we reached was the
amino terminus
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This is what it should have looked like. I obviously need more practice!

That is a rather artificial example, of course, because we have a good match from the
database search, so no-one would need to call a sequence tag
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Alternatively, you can automate the process entirely by using the de novo algorithm.

Here’s a nice spectrum in another data set where the Mascot database search has failed to

find a match

If we right click the peak list and choose de novo ...
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We get a reasonably high scoring solution, but with some uncertainty
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Right click the solution and choose Mascot search from the context menu. Note that we

have already toggled the tag type to error tolerant
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Distiller populates the query field with the tags taken from the non-ambiguous parts of

the de novo solution. We submit the search ...
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And back comes the result. Note that the results from this most recent search have
replaced the original database search. You can switch back to the previous results by
selecting them on the searches tab.

This match looks promising. The sequence runs the opposite way from the de novo
solution, but this is to be expected by chance if the de novo fails to reach one or other
terminus.

If we right click the match and choose to view the full Mascot report in a browser ...
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We can see from the Peptide View that the best match was obtained by placing a
modification delta of +57 Da on the N-term residue. This is almost certainly
carbamidomethylation, which often derivatises amino groups. This was why the original
database search failed to get a match and illustrates how the error tolerant tag can get a
match when the modification is unsuspected or even unknown (not in the modifications
list)
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Search strategy

1. Standard Mascot search returns the easy matches

2. Error tolerant search returns additional matches, but only
for proteins already identified

3. De novo occasionally returns additional full-length peptide
sequences that were not in the database

4, More often, de novo returns partial / ambiguous peptide
sequences
+ No real reason to expect additional matches from a tag search

« Use etag search to find matches to isolated peptides that have a
SNP or unsuspected modification

« Blast or MS-Blast if there is a good stretch of clean sequence

_ ) ] N MATRIX
MASCOT : sequence Queries ©2007-2014 Matrix Science SCIENCE

If you want to get as many identifications as possible, as efficiently as possible, you
might use a strategy similar to this.
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seq()

sLike a tag, but without fragment mass information

*Most likely, from non-MS sequencing, e.g. Edman
1234 seq(n-AC[DHK]) seq(c-HI) seq(*-GF)

sseq() is not scored probabilistically, it is a filter

Prefix

Meaning

Example

N->C sequence

seq(b-DEFG)

C->N sequence

seq(y-GFED)

Orientation unknown

seq(*-DEFG)

N terminal sequence

seq(n-ACDE)

c-

C terminal sequence

seq(c-FGHI)

MASCOT : sequence Queries

D 2007-2014 Matrix Science

MATRIX
SCIENCE

Besides tag and etag, Mascot supports a number of other sequence qualifiers. One of

these is seq()

Note that seq() is a filter. It must be correct or there will be no match
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comp()

sSyntax:

A number, followed by the corresponding amino acid between square
brackets. An asterisk means “one or more”

comp(2[H]O[M]3[DE]*[K])
«For ICAT, you might specify
comp(*[C])
+X is not allowed
*comp() is not scored probabilistically, it is a filter

. . N MATRIX
MASCOT : sequence Queries ©2007-2014 Matrix Scionce SCIENCE

The other important one is comp(). This would be useful in an ICAT search.

Note that comp() is a filter. It must be correct or there will be no match
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Sequence Tag / Sequence Homology

MultiTag
> >unyaev 5., et. ai., MuitiTag: Muitipie error-tolerant sequence tag search for the
uence- srmﬂanty:dentl fication of proteins by mass spectrometry, Anal. Chem. 75
13 7-1315 (2003).
GutenTag
» Tabb, D. L., et. al., GutenTag: High-throughput sequence ta gingw’aan empirically
derived fragmentatfon model, Anal. Chem. 75 6415-6421 (2003).
MS-Blast
# Shevchenko, A., et al., Charting the proteomes of organisms with unsequenced

genomes by MA_.‘ D.'-mmd_n_;rx;}!e time of flicht mass spectrometry and BLAST homolo oy

searchmg Analytlcal Chemlstry 73 1917-1926 (2001)

FASTS, FASTF
> Mackey, A. J., et al., Getting More from Less - Algorithms for rapid protein
identification with multiple short peptide sequences, Molecular & Cellular Proteomics
1139-47 (2002)
OpenSea
» Searle, B. C., et al., Hfgh-Throxﬁhpur!dent!ffcation of Proteins and Unanticipated
Sequence Modifications Using a Mass-Based A:’fgnment Algorithm for M5/MS de Novo
Sequencing Results, Anal. Chem. 76 2220-30 (2004)
ClDentify

» Taylor, J. A. and Johnson, R. S., Sequence database searches via de novo pe?tfde
ffgé‘?”‘f”g by tandem mass spectrometry, Rapid Commun. Mass Spectrom. 11 1067-75
)

MASCOT : Sequence Queries ©2007-2014 Matrx Scionce g@]%r%%z

As always, there is more information in the Mascot help pages. These references are a
good starting point if you are interested in learning more about the potential of combining
mass and sequence information.



