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allowing precise precursor
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resolution (FWHM)

A X I M A- TO F 2 ™

Protein Identification Using an Axima-TOF2™
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Figure 6. Peptide mass
fingerprint, sample #12
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Figure 7. PMF Mascot®

search result showing a
mixture of proteins,
sample #12
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Figure 8. MS/MS spectrum
of m/z 1722, sample #12



10 mg/ml in 50:50 0.1 % TFA: acetonitrile v/v) was
utilized as the MALDI matrix.  These analyses were
performed using an unmodified 384 well microtitre
plate format stainless steel MALDI target. 

All samples were spotted directly onto the target
using a volume of 0.5 µl and an equal volume of
matrix added.  All samples were allowed to air dry at
ambient temperature.  Samples were calibrated by
close external calibration procedures using well
defined peptide standards.

Results

In this series of experiments, peptide mass fingerprints
(PMF) were generated for each sample.  These
subsequently underwent a database search in order to
identify the protein.  If the resultant Mascot® search
score was found to be over 175, the protein was
deemed be successfully identified.  The Mascot®

probability score for the search parameters employed
in order to produce a significant hit was found to be
>60 (p<0.05).  However, if the score did not reach
this limit of 175, MS/MS experiments were performed
on peptide ions and the fragmentation data
independently searched to provide an identity
confirming the putative identity suggested by the PMF
search.  A summary of the protein identities obtained
and the scores achieved is presented in Table 1.

Protein Identification Using an Axima-TOF2™

Introduction

In the field of proteomics, MALDI TOF MS
technology has been used predominantly to perform
peptide mass fingerprinting experiments followed by
database searching to identify the protein by matching
tryptic peptides to those generated in silico.  Protein
identification can be confirmed by seamless PSD
(sPSD)1,2, which examines the fragments produced
when individual peptides are allowed to undergo
metastable decay.  The resultant fragments are again
subjected to an independent database search and a
protein identification suggested.

However, there are limitations to this conventional
workflow.  The resolution of the ion gate required for
sPSD is relatively wide (+/-7 Da, a resolution of 70)
and issues can arise when attempting to perform
sPSD experiments on peptides with masses falling
within these boundaries.  In addition, peptides
containing glutamic acid, aspartic acid and proline
(D, E and P) can very often produce sPSD spectra
containing only one or two major fragment ions due
to selective fragmentation making database searching
impossible.

In order to circumvent these potential problems, a
new mass spectrometer3 has recently been
introduced, the Axima-TOF2™.  This system
incorporates a MALDI ion source capable of accepting
both standard microtitre format targets and
alternative geometries.  An innovative ion gate, the
monoPULSE™, is also employed allowing the selection
of precursor ions with an accuracy of +/- 1 Da, a
resolution of 500 FWHM (at 1000 Da) eradicating the
issue of precursor ions in close proximity.  A CID
(collisionally induced dissociation) cell is present
utilizing helium as the collision gas, facilitating the
fragmentation of precursor ions.  A curved field
reflectron is included allowing excellent sensitivity and
mass accuracy of both MS and MS/MS derived ions.

Here, we investigate the value of this new mass
spectrometer for protein identification by MS and
MS/MS using a series of in-gel tryptic digests.

Methods

An Axima-TOF2™ (Shimadzu Biotech, Manchester,
UK) MALDI MS/MS system was used in positive ion
reflectron mode for all experiments.  Peptide mass
fingerprints were generated and database searches
performed using Mascot® (Matrix Science).  MS/MS
experiments were performed on individual peptide
ions isolated from the tryptic digest using an
innovative ion gate, the monoPULSE™.  Fragmentation
is performed by means of a CID cell positioned in the
ion beam.  Helium is used as the collision gas.

Coomassie stained protein 2D gel plugs were digested
with trypsin and desalted using Ziptips (Millipore).
CHCA, (alpha-cyano-4-hydroxycinnamic acid at

An example of a typical peptide mass fingerprint is
shown in Figure 1.  Here, sample #2 was confidently
identified as methionine adenosyltransferase with a
Mascot® score of 262.  As the PMF score is over 175,
no confirmatory MS/MS was performed.  An average
mass accuracy of less than 20 ppm was observed with
close external calibration, as demonstrated in Figure 2.

Sample Mascot® Mascot® Protein Identity
PMF MS/MS

Score Score

1 160 223 Expressed protein
(Arabidopsis thaliana)

2 262 - Methionine adenosyltransferase
(Arabidopsis thaliana)

6 195 - Heat shock protein 81-2
(Arabidopsis thaliana)

8 150 138 Lipoamide dehydrogenase
precursor (Arabidopsis thaliana)

11 189 - Keratin1, type II cytoskeletal (Human)
Cytokeratin 1, K1 67kDA (Human)

12 186 263 Putative aldolase 1-epimerase
(mixture) (Arabidopsis thaliana)

60 Fructose-bisphosphate aldolase
(Arabidopsis thaliana)

Table 1. Summary of proteins identified from 2D gel by
Axima-TOF2™
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Figure 1. Typical peptide
mass fingerprint, sample #2

Figure 2. Mascot® search
results for sample #2

In some cases, a PMF Mascot® score of over 175 was
not achieved.  For example, sample #1 was identified
as “expressed protein” from Arabidopsis thaliana by
conventional peptide mass fingerprinting.  This
assignment was confirmed by MS/MS of 4 peptides
from the PMF - the subsequent database search was
carried out independently of the PMF search and the
same protein identified with increased confidence.
Two of the MS/MS spectra are shown in Figures 3
and 4.  Figure 3 illustrates the MS/MS of m/z 1866.
When interrogated via a database search, a
comprehensive series of y-ions were determined, and
a single ion search score of 107 obtained.  Figure 4
shows the MS/MS spectrum for m/z 825.  Again, a
broad series of y-ions are observed, in addition to a
significant number of b-ions allowing the full sequence
identification - GVFFDIK.  It should also be noted that
immonium ions are clearly present in the spectrum
and may be used to confirm the putative sequence.
The combined search result for the 4 MS/MS spectra
is shown in Figure 5.  Thus, the protein identity
provided by the PMF search is independently
confirmed.

The average mass accuracy determined for the
externally calibrated MS/MS ions was found to be
50 ppm.  Mass accuracy for the MS spectrum was
again less than 20 ppm.

The MS spectrum for sample #11 was searched using
Mascot® and no significant matches were obtained
when using the Arabidopsis definition.  However,
when searched with all species selected a mixture of
two proteins was discovered - keratin 1, type II
cytoskeletal (human) and keratin type II cytoskeletal 1
(Cytokeratin 1, K1 67 kDa, human).  This indicates
that a significant contamination had occurred at either
the gel or the digestion level.  However, a successful
identification of the proteins within the gel spot was
achieved.

The peptide mass fingerprint result, Figure 6, for
sample #12 proved identification of a mixture of
proteins, as demonstrated in Figure 7.  In order to
investigate whether this protein spot is indeed a
mixture of two closely related proteins, MS/MS was
performed on a selection of ions included in the MS
spectrum - m/z 1118, 1326, 1336, 1614, 1722.  A typical
spectrum, MS/MS of m/z 1722, is shown in Figure 8. 
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Figure 3. MS/MS of m/z
1866, sample #1
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Figure 4. MS/MS of m/z
825, sample #1

The data generated in these MS/MS spectra was subsequently searched using Mascot® MS/MS Ions Search and
two independent proteins identified as shown in Figure 9 - aldose 1-epimerase family protein (molecular
weight 37,174 Da) and fructose-biphosphate aldolase (molecular weight 38,516 Da).  This is a credible
result as the proteins have similar molecular weights and would be expected at a similar position on the 2D gel
i.e. have co-migrated to the same excised gel spot.
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combined MS/MS search
result, sample #1
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Conclusion

Peptide mass fingerprinting has been performed routinely on the Axima-TOF2™ with an average mass
accuracy of better than 20 ppm using external calibration

MS/MS was successfully used to independently confirm any borderline identities suggested by the MS data

High energy CID enhanced the fragment ion spectra generating immonium ions that may be used to
help confirm the suggested database search score using amino acid information

The monoPULSE™ ion gate allowed precursor ion selection with a window of +/- 1 Da (500 resolution)
permitting precise isolation of peptides for sequence elucidation
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Figure 9. Mascot® MS/MS
search results, sample #12


