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Overview

De novo sequencing refers to the process of deriving the
sequence of an unknown peptide using the information
contained in its MS/MS spectrum. The DeNovoX™ software
program developed by Thermo Finnigan enables fast and
efficient de novo sequencing. The strategy discussed in this
presentation uses high confidence sequence tags derived by
the program to identify unexpected modifications and amino
acid substitutions in complex peptide mixtures.

Introduction

Tandem mass spectrometry has become the method of
choice for fast and efficient identification of proteins in
biological samples. As peptides fragment along the peptide
backbone, the MS/MS spectrum contains information about
their sequence. The peptide can be identified by a database
search only if its sequence had been determined previously
and is present in the database. The database search fails if
the sequence of the protein is not available or when
unexpected modifications and amino acid substitutions are
present in real samples.

DeNovoX software is able to derive sequence tags and
complete peptide sequences with high confidence from
MS/MS spectra acquired in a routine LC-MS/MS experiment.
It exceeds the capabilities of a human expert in many
iInstances, and guarantees high-throughput data processing
required for proteomics applications.

Although the most obvious use of the program is deriving the
peptide sequence for unknown peptides, it can be employed
to solve a multitude of other problems. We present an outline
of an experiment providing the answer to the detection of
unexpected modifications and amino acid substitutions
(Figure 1).

FIGURE 1. Outline of the experiment for identification of unexpected
modifications and amino acid substitutions
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Methods

The protein mixture digested with trypsin was analyzed with
the LCQ™ Deca ion trap mass spectrometer (Thermo
Finnigan) in a fully automated Data Dependent mode. The
data acquired in LC-MS/MS analysis were searched against
a public database using SEQUEST®. Proteins identified in
this search were used to construct a sub-database used
later in the processing.

The spectra not identified by database matching, even
though of a good quality, were then batch-sequenced with
DeNovoX. The completed and partial sequences (sequence
tags) obtained with high confidence by de novo sequencing
were then correlated with the peptides in the sub-database
constructed previously. This identified peptides with
modifications and amino acid substitutions.

Table 1. Nine modified peptides were found in the sample in addition to
peptides with carboxyamidomethylated cysteine residues.

(1) K..YICDNQDTISSK..L BSA [GY]LZDNQDTLS[SK]
(2) K.CCTESLVNR..R BSA  [303]TESLVNR

(3) K.LGEYGFQNALIVR..Y BSA [LGE]YGFQNELLVR A>SE
(4) K.LGEYGFQNALIVR..Y BSA [326]JEYGFQNALLVR
(5) SHHWGYGK..H CA QHHWGYGK

(6) R..QSPVNIDTK..A CA  [198]PVNLDTK

(7) K.QTALVELLK.H BSA [212]JALVELLK

(8) K.LFTFHADICTLPDTEK..Q BSA [315]TFHADLCTL L L+55

(9) R.ILADYNIQK..E UB  TLSDYNLQK A— S (known)

Yo Y+G or Y57

S5 — acS (knovn)

Results

LC-MS/MS data from a Thermo Finnigan ion trap contain a
wealth of information needed for high confidence de novo
sequencing.

Complete sequences and sequence tags obtained with
DeNovoX (Figure 2) enable protein identification by
correlation to existing databases. In our experiment, 63
peptides were identified by automated batch sequencing
(Figure 3).

The strategy outlined in Figure 1 led to the identification of
modified peptides and amino acid substitutions (Table 1).
Nine modified peptides were found in BSA and carbonic
anhydrase. Some of the modifications and substitutions
observed (5, 9) had been reported in literature.

A hitherto unknown substitution was confirmed in one of the
BSA peptides (3). The peptide (4) appears in three forms —
unmodified, and with two different modifications. The
acetylated peptide (5) was sequenced for spectra obtained at
three different charge states.

In several cases (2, 4, 6, 7) it was possible to pinpoint the
location of the modification within two to three amino acid
residues. Unambiguous assignment would require MS"
experiments on the ion trap.
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FIGURE 2. The output from
DeNovoX stating probabilities for
each sequence tag. The completed
sequences suggested by the
program are in red. Note the
consistency among the sequence
tags and the first completed
sequence (yellow background).

T

,,,"""* ;?
= f)/
@ ;‘p Da: N

= T ,f

.
o

gl i R
S e A

FIGURE 3. Peptides (in orange) identified by de novo sequencing.
Unknown amino acid modifications/ substitutions highlighted in
yellow. Residues highlighted in blue are carboxyamidomethylated
cysteines identified by DeNovoX without prior knowledge of this
modification.

CA--Carhorie Anbydrase [

SHHW GV GEHEGPZHWHEDFRIANGERQS P VNI TEAVVODPALEP LALY YOEATSRERMY NN

GHeFHNVEYDDSOQDEAVIED GPLTGTTRLVOFHFHWGSSBBOGEEHTVDEERE VAAELHLVEHWH
TEYGDFGTAAQOPDGLAY VGVEFLEVGDANPALQREYVLD ALDSIETRGESTDFPNFDPGSLLPN VL
LYW TYPGELTTPPLLEGVTWIVLEEP ISVES OO MLEFRT LN FNAEGEP ELLMLANWERPAQPLEN
EQVEGIPE

BRd--Bovine Setom Albumin

LKA VTR LLLLF e A Y RGYFREDTHESEIAHRFED L GEEHFEGLYVLIAFSQYLOQCPFDEHVEL
VHELTEFAKTCVADERHAGCEESLHTLFGCDEL D EVASLRETYGDMADCCEKQEPERNECFLSH
EDDAFDLPELEPDPN TLCDEFEADEEKFWGKE VLY EIAREHPYFVAPELL Y VANEYNGVFQECC
QAEDE GCA LLPEIETMREEVLASSARQRLECASIQEFGERATKAWSVARLSOKFPEAEFVEYTE

LVTDLTEVHEECCHGDLLECADDRADLAKY IC DN QD TISSELEECCDEPLLEKSHCIAEVEKD
AIPENLPPLTADFAEDE DY CENYOEARKDAFLGAFL Y EVERRHPEYAVEVLLELARKEYEATLEECC

AKDDPHACYSTVFDKLKHL VDEP QNLIEQNCDQFEKLGEYGFQNALIVRYTREVP QVSTPT
LVEVERSLGKVGTRCCTKPESERMPCTEDYLELILNRL VLHEETPVSEKVTKOCCTES L VVERF

CFSALTPDETYVPEAFDEKLFTFHADD TLPDTEEQIKKQ T ALVELLEHEPKATEEQLE T VME
NEVARVDECCAADDEEACFAVEGPEL VVETOTALA

U B--Uhiguitin
MOIFVETLTGKTITLEVESSDTIENVETKIQDEEGIFFDOQRLIFAGKQLEDGRTL ADVNIQKEST
LHLYLELRGG

Al D--superoxide Dismutase

ATEAVOYLEGDGEVOGTIHF EARGDTYYVTGRITGLTEGDHGFHVHOQFGDNTOGCTSAGPHFN
PLGEKHGGPEDEERHOY CDLCHNYTADENGYAIVDIVDPLIGLEGEVRIIGR T MVYHEREPDDL GEG
GHEERTETGHNAGERLACGVIGIAK

Conclusions

The DeNovoX software allows the derivation of
sequences for completely unknown peptides.

In addition, it can be used to complement a
conventional database search to reveal unexpected
modifications, amino acid substitutions or
miscleavages.

DeNovoX can perform de novo sequencing with data
acquired in a routine LC-MS/MS setup.

A fully automated operation and batch mode
sequencing complement the high throughput data
analysis delivered by Thermo Finnigan ion trap
technology.




