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INTRODUCTION

Matrix-assisted laser desorption ionisation time-of-flight mass
spectrometry (MALDI)(") is an established technique for protein
identification in the field of proteomics. Peptide mass mapping using
enzymatic treatment of a protein and MALDI MS analysis results in a
unique spectrum characteristic of the original protein. This fingerprint
can be used to identify the protein through database searching.
However, with the expansion of proteomics and the ever-increasing
number of proteins present in web-based or commercially available
databases, the likelihood of identifying the protein unambiguously
from a peptide mass map alone is rapidly decreasing. The information
obtained from PSD fragmentation of selected peptides can significantly
improve confidence in the protein identity acquired from a database
search. In addition, it can be used to aid sequence elucidation.

The incorporation of the curved-field reflectron into MALDI TOF
instruments significantly increases the speed and sensitivity of PSD
analysis by enabling the acquisition of a fully focussed PSD spectrum
in a single analysis: seamless PSD (sPSD). The Axima-CFR integrates
all of the advantages of the curved-field reflectron into a high
resolution/high sensitivity MALDI TOF instrument.

A number of groups have focused on strategies that enhance PSD
analysis, in particular, chemical modifications of the peptide to
promote fragmentation and dedicated software tools to enable peptide
sequence interpretation. The Nested-PSD™ software application) has
been designed by Kratos Analytical to aid in peptide sequencing by
comparing signals present in the sPSD spectra of a particular peptide
and the same peptide treated briefly with carboxypeptidase (CPY) or
aminopeptidase (AMP) to remove one amino acid®. In theory, signals
present in both sPSD spectra are associated with the unmodified
terminus, whereas signals unique to the individual spectra are
associated with the modified terminus, thus aiding in the interpretation
of the data (Figure 1).

METHOD

The curved-field reflectron MALDI TOF mass spectrometer (Axima-CFR)
was used, comprising of UV nitrogen laser (337nm), near ultra high
vacuum system with novel laser beam focusing mechanism for
increased ion extraction efficiency and increased sensitivity, an
integrated 1 GHz transient recorder, optimized ion optics for high
resolution and accuracy, a high resolution ion gate for parent ion
selection for sPSD analyses, and a microtitre-type target.
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Figure 1.

Unique software tools have been created to automatically acquire the
peptide mass map, set the ion gate for selection of parents and
generate seamless PSD (sPSD) data on the Axima-CFR.  Once
produced, the spectra are processed by the Nested-PSD™ application,
which separates common signals from those that are unique and
determines the peptide sequence from the filtered data.

RESULTS

The use of Nested-PSD™ is illustrated using a tryptic digestion of
myoglobin (Figure 2). The peptide mass map obtained from the digest
was submitted to a web-based protein database (NCBI) using the
Mascot™ database search engine (www.matrixscience.com).  The
search results are shown in Figure 3: Myoglobin and a number of its
variants are listed as potential matches.

Myoglobin was resuspended in buffer (0.TM
ammonium bicarbonate) and digested with
trypsin (1:10 molar ratio trypsin to protein) for 3%
hours at 37°C. The digestion mixture was diluted 100
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Figure 2.

Peptide mass map of myoglobin digested with trypsin
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Figure 3.

A portion of this myoglobin tryptic digest was treated with
aminopeptidase M (AMP) and aliquots taken at given timepoints to
follow the reaction. The spectra in Figure 4 illustrate the progression
of the N-terminal cleavage of the tryptic peptide T2 at mass 1607 Da
(sequence VEADIAGHGQEVLIR); the loss of the N- terminal valine
(99 Da) is clearly observed (1508 Da). A number of N- terminal losses
were also observed for other tryptic peptides present in the myoglobin
digest.

606.92
607.93

Seplonl "~

1450 1500 1550 1600 1650

606.79
607.85

Pl “-W

1450 1500 1550 1600 1650

606.82

1450 1500 1550 1600 1650

1450 1500 1550 1600 1650

507.90

1450 1500 1550 1600 1650

Peptide mass fingerprint match for the myoglobin tryptic digestion products using Mascot™

Nested-PSD™ interpretation software is illustrated here using the sPSD
spectrum acquired for the original tryptic peptide T2 at 1607 Da and
that for the first N-terminal truncation of peptide T2 : 1508 Da
(Figures 5 and 6). Simple parameters such as mass range, match
tolerance between the sPSD specira and minimum intensity threshold
are set (Figure 7), and the sPSD spectra subtracted from one another.
Three conceptual spectra are produced: that resulting for the
similarities between the sPSD spectra; that arising from ions uniquely
present in the sPSD spectrum from 1607 and that arising from ions that
are uniquely present in the sPSD spectrum from 1508 (Figure 8).

The Nested-PSD™ interpretation software was used to deduce the
amino acid sequence of peptide T2.

The sequence deduced from the spectrum of common ions was
associated with the C-terminus as these ions were unaffected by the
AMP digestion. A series of 7 consecutive amino acids (EADL/IAGH)
was deduced from the spectrum of common ions - y-ions (Figure 8).
The spectrum of unique ions from the truncated T2 fragment showed
the presence of LR and GQ and correspond to the N-terminal ion
series: a or b-ions.

The sequence information was submitted to the Mascot™ database
search engine and myoglobin was unequivocally identified (Figure 9).

1607.812

3
1589.776

1192.450

765.285
1206.144
1260.808
1451.100
)70

499.994

+——1106.901

~—1379.660

E_

—414.442
—978.924
1045.322
—1319.131

3

49.953
110,029
228.969
-315.023
-580.621
£693.375
850,881
£916.945

L

Al

800
Mass/Charge

N k'174.902

0 1400 1600

8
IS
H
8
g
8
8
8
5

Figure 5. Seamless PSD data for tryptic peptide: 1607 Da

Figure 4. Aminopeptidase digestion of myoglobin tryptic digestion
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Figure 6. Seamless PSD data for AMP treated tryptic peptide: 1508 Da
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CONCLUSIONS
S [5F Eenes [0 e A simple method has been developed that enhances sequence interpretation of what has
Ve s [ 5 traditionally been a complex analysis - Post-Source Decay. In order to achieve this a number of
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important features have been taken into consideration:

e methods for removal of single N or C-terminal amino acid from peptides within a complex

mixture such as a tryptic digest

RR - o the ease with which seamless PSD can be generated on the AXIMA-CFR - made possible with the
ok o use of the unique curved-field reflectron

o Nested-PSD™ software tool for the processing of seamless PSD data
The combination of these features enabled 80% (VEADI/LAGHGQEVI/LR) of the peptide sequence

o T | of T2 to be deduced and hence allowed a single database match to be found.
Figure 7. Nested-PSD™ interface
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- - MaskCharge = e o Figure 9. Database match for the sequence deduced from Nested-PSD™
of the 1607 Da myoglobin tryptic fragment using Mascot™
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