Interpretation of the tandem mass spectrum of peptide (Jan 19, 2007 class)
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It was known that the peptide was from a protein in human brain, but it was not clear
which protease had been used to generate it. A quick inspection of the data revealed
that there were no fragment ions at m/z 147 or m/z 175. This seemed to rule out trypsin
as the protease. The parent ion had an m/z of 793.87, implying a molecular weight of
1585.74 and a singly charged molecular ion of 1586.74.

Tandem mass spectra typically contain rich series of b-ions and y-ions because of
collision-induced cleavages at the peptide bonds of the intact peptide. Not all b-ions and
y-ions are observed — this is a function of the susceptibility of each peptide bond and the
stability of the resulting ions.

Interpretation of this tandem mass

spectrum begins by examining the :'a'_“f_‘e 1:;:’3: W Eggg:
differences in mass between &;gglgntlgn;iag 114.043 Ms::;:nine 131.040
successive y-ions and matching them Asparticacid  115.027 Phenylalanine  147.068
to the residue masses of the 20 amino Cysteine 103.009 Proline 97.053
acids (for this exercise we assume that Glutamic acid ~ 129.043 Serine 87.032
there are no posttranslational Glutamine 128.058 Thraonine 101.048
modifications). The first pair is 1586.74- ﬁl':s'dnlﬁe 122‘;25; TT“LE‘::L""" 11‘22%22
1402.74 = 184.00. This difference does Isoleucine v M;mlﬁ 99.068
not correspond to a single amino acid —

see the table to the right - however, it could occur from a combination of proline and
serine or isoleucine/leucine and valine. These two residues would be in positions 1 and




2 in the peptide. It should be noticed that there is a corresponding b, ion at m/z 185. The
ions at m/z 1402.74, 1303.65, 1174.61, 1103.57, 990.49, 903.45, 816.43, 703.35 and
588.32 are all y-ions. They have successive mass differences of 99.09, 129.04, 71.04,
113.08, 87.04, 87.02, 113.08 and 115.03. These correspond to the amino acids
VEAI/LSSI/LD. Using m/z 588.32, the next y-ion was not obvious.

We noted that the m/z 185.13 ion was the b, ion. From examination of the other marked
ions it appeared that the bz ion was at m/z 300.16. This implied that this was due to an
aspartate. However, this didn’t match the amino acid identified in the y-ion series, a
valine. Thus, bz should be at m/z 284. In fact, there is an ion at that value — it's just not
marked in the spectrum as given. The identification is reinforced by the ions at m/z
413.24, 484.28, 597.36 and 684.40. These have mass differences of 129.08, 71.04,
113.08 and 87.04 — thus the b-ions give us a sequence of VEAI/LS.

At this point, we have enough information to search the PROWL database at the
Rockefeller University (http://prowl.rockefeller.edu)

Lahoratory of Mass Spectrometry and Gaseous Ion Chemistry

PROWL
B8 Pro Fonmd PROFOUND
ProFound is a tool for searching a protein sequence collections with peptide mass maps. A Bayesian algorithm
» Proteinlnfo is used to rank the protein sequences in the database according to their probability of producing the peptide
» PeptideMap map.
» PepFrag PROTEININFO
ProteinInfo is a collection of tools for retrieval and analysis of protein sequences. The capabilities of the
= X! Tandem analysis tools include peptide mapping, mass spectrometric fragmentation analysis, disulfide mapping, etc.
i e PEPTIDEMAP
» GPMDE PeptideMap is a tool for finding modifications on polypeptide sequences. The modifications can be affecting
single amino acids (e.g. phoshorylation or oxidation) or cross-linking two amino acids (e.g. disulfide bonds or
chemical cross-linking reagents).
= PROWL PEPFRAG
» Chait Lab PepFrag is a tool for identifying proteins from a collection of sequences that matches a single tandem mass
spectrum.
X! TANDEM
Rl iV N X! Tandem is a tool for identifying proteins from a collection of peptide sequences that matches tandem mass
:.32/ The "’\’gr spectra.
5| Rockefeller |-
o\ University X! HUNTER
“%J:»,‘_”_"‘.,-;{-i" X! Hunter is a tool for identifying proteins that matches tandem mass spectra to a library of spectra that
SREE have been confidently assigned to a particular peptide sequence.
The Rockefelier University
1230 York Avenue,
New York, NY 10021 GPMDB
(e GPMDB is a database of tandem mass spectra and their assigned peptide sequences. It is designed to aid in

the difficult process of validating peptide M5/MS spectra.

Click on Proteininfo. This brings up a new page. In the box marked Sequence entry
insert the sequence that we have derived so far — this is VEAI/LSSI/LD. Since we don't
know which of the isoleucine/leucine combinations is the correct sequence, we replace
them by X; so the sequence we enter is VEAXSSXD.

PROTEININFO

Advanced Sequence Search Analyze Amino Acid Sequence

Select a database: NCBI nr (2007 /01/01) =

Enter keywords: " Search Keywords |

Enter sequence:  VEAXSSXD " Search Sequence


http://prowl.rockefeller.edu

We now want to use the correct part of the database for our organism — this is human.

Select Search Category:
O All Categories

) Firmicutes ) Dictyostelium discoideum O Hepatitus CVirus O Archae
O Bacillus subtilis O Fungi (O Other Viruses O Viroids
O Mycoplasma O Pneumocystis carinii ~ Others
) Other Firmicutes ) Saccharomyces cerevisiae \;’
O Proteobacteria () Schizosaccharomyces pombe —
) Enterobacteria (O Other Fungi Unclassified
) Escherichia coli ) Metazoa
() Other Enterobacteria ) Caenorhabditis elegans
O Other Proteobacteria O Chordata
) Other Bacteria O Fugu rubripes

) Danio rerio
O Mammalia
) Primates
(*) Homo sapiens
) Other primates
O Rodentia
) Mus musculus
) Rattus

Press the Select Sequence button and the system responds by listing the likely
candidates in the rat database. The best hit is to the same peptide sequence
(VEALSSLD) in human brain-specific creatine kinase. The KIAA0641 protein has proline
and glutamate and their masses do not correspond to those observed in the MSMS

spectrum

PROTEININFO

Sequence: VEAXSSXD
Database: NCBInr
Category: Homo-sapiens
Max. Matches: 100

gi| 7513108| pir| | TOO378 KIAA0641 protein - human

Matching: SSSPEVEAPSSEDEDTAE (Residues 686 - 693)

gi| 21536286 | ref| NP_001814.2| brain creatine kinase [Homo sapiens]
gi|125294|sp|P12277|KCRE_HUMAN Creatine kinase B-type (Creatine kinase B chain) (B-CK)
gi|29963|emb|CAA33389.1| creatine kinase B [Homo sapiens] qi| 1000862 |gb|AAATEB52.1]
creatine kinase-B gi|12654701|gb|AAH01190.1| Creatine kinase, brain [Homo sapiens]
gi|13436215|gb|AAHD4914.1| Creatine kinase, brain [Homo sapiens]
gi|14249888|gb|AAHO8323.1| Creatine kinase, brain [Homo sapiens]
gi|14603055|gb|AAH10002.1| Creatine kinase, brain [Homo sapiens] gi|17939433...

Matching: IEKLAVEALSSLDGDLAG (Residues 159 - 166)

By examining the flanking regions of the matched sequence, we see that the two amino
acids at the N-terminus of the peptide are LA, producing the b,-ion of 185.12 (113.08 +
71.04 + 1). Thus, the sequence we have now is LAVEALSSLD.

The residues at the C-terminus shown in this search are GDLAG — they sum up to give
(57.02 + 115.03 + 113.08 + 71.04 + 57.02 = 413.18). This value implies that there is



another amino acid residue(s) causing a mass difference of (588.32-[413.18 + 18 + 1] =
156.14, i.e., it's an arginine. So, now we have the full sequence of the peptide
LAVEALSSLDGDLAGR and it is a tryptic peptide, even though the expected m/z 175.12
y1 ion wasn't easily seen. The predicted ions for this peptide can be obtained by inserting
the sequence into the box in MS-product, a part of Protein Prospector (at
http://prospector.ucsf.edu/prospector/4.0.7/cqi-bin/msprod.cqi).

N-terminal
ions
aions 157.13 25620 38524 45628 56937 65640 74343 B56.51 971.54 102856 114359 1256.67 1327.71 138473
b-Hy0 ions 39523 46627 57935 66638 75341 866.50 981.53 1038.55 1153.57 1266.66 1337.69 139472
b ions 185.13 28420 41324 48428 59736 68430 77142 BE45] 90054 105656 1171.58 128467 135571 141273
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
H- L A v E A L s s 0, D G D L A G R O
H
16 15 14 13 12 11 10 9 8 7 6 H 4 3 2 1
C-terminal
ions
y ions 147375 1402.72 1303.65 117461 1103.57 990.49 00345 81642 70334 58831 53129 41626 303.18 232.14 175.12
y-NH; ions 145673 138569 128662 115758 1086.54 97346 88643 79939 68631 57128 51426 39924 286.15 215.11 15809

y-H;0 ions 145574 138471 128564 1156.60 108556 97247 BB544 79841 68533 57030 51328


http://prospector.ucsf.edu/prospector/4.0.7/cgi-bin/msprod.cgi

