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Introduction

The aim of proteomics is to separate, quantify,
identify, and characterize individual proteins of
interest.  When dealing with complex biological
mixtures such as tissue lysates, serum or plasma
samples, there is a need to identify as many proteins
as possible when often the most interesting
components are present at mid to low
concentrations.  To analyze such samples requires a
high sensitivity technique which can accurately and
confidently identify as many proteins as possible.

LC-MALDI is a procedure that can easily and
effectively deal with complex biological samples.
The experimental technique combines an LC
separation with online fractionation directly onto a
MALDI target.  Fractionation and matrix addition is
performed automatically by a spotting robot such as
the Accuspot™.  The spotting probe simultaneously
delivers matrix solution and the LC eluent, optimizing
the mixing of the two solutions and minimizing matrix
‘hot spots’.  MALDI mass spectrometry analysis is
then performed offline.  The analysis can be
performed fully automatically on the novel MALDI
TOF-TOF mass spectrometer - the AXIMA-TOF2™
using purpose written, dedicated LC-MALDI software
(see Figure 1).

Analysis of complex un-fractionated digest mixtures
may result in signal suppression and overlapping
signals which can ultimately lead to a reduction in
sequence coverage.  The incorporation of an LC
separation of the digest mixture prior to analysis
allows concentration and desalting of the sample in a
single step.  Not only are peptides of the same
nominal mass afforded temporal separation but also
signal suppression is reduced due to separation of
low- and high-abundance peptides.  Importantly, the
time available to obtain sequence information from
the sample analyzed by LC-MALDI is greatly increased
when compared with ES LC-MS/MS analyses.  Also,
significantly, the unique LC-MALDI peak picking
algorithm promotes MS/MS of selected ions at the
apex of the eluting chromatographic peak to allow the
most efficient data acquisition.  This is often not the
case with ES LC-MS/MS where MS/MS acquisition can
be taken on the rising edge of the eluting
chromatographic peak.

Here, we investigate the value of the AXIMA-TOF2™
for protein identification by MS and MS/MS using a
complex mixture of human proteins and the dedicated
LC-MALDI software functionality.

Methods

Materials: A complex mixture of intact human
proteins, purified from their biological source or
recombinantly expressed, was analyzed.  5 pmol
aliquots of each component had been combined and
lyophilized in an eppendorf tube.  An in-solution
tryptic digestion under gentle conditions was
undertaken overnight at 37°C in ammonium
bicarbonate pH 8 containing DTT, EDTA, CaCl2 and
modified porcine trypsin added at 1:25 ratio (w:w). 

LC and Accuspot™ conditions: A 5 µl aliquot of
the sample diluted in mobile phase A (500 fmol per
protein) was loaded directly onto the column (300
µm i.d. x 15 cm, 3 µm, Pepmap C18 (LC Packings))
and separated using one of two 2-stage linear
gradients: (A = 5% acetonitrile + 0.05% TFA,
B = 80/20 acetonitrile + 0.05% TFA)

The flow rate of the system was set at 0.2 ml/min
pre-split, giving a flow rate of ~5 µl/min post-split.
The eluent passed through a UV/Vis detector
(220 nm) and was mixed with ∂-cyano 4-
hydroxycinnamic acid matrix (CHCA; 5 mg/ml in
50/50 acetonitrile/0.1% TFA) and deposited onto a
stainless steel MALDI target using the Accuspot™
LC-MALDI deposition robot.  Depending on the
gradient used spotting occurred over 1- or 2- x 384-
well MALDI targets. Samples were deposited at 6
sec/spot producing a spot volume of ~1 µl/spot.
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Figure 1. LC-MALDI
workflow diagram
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Conclusion

37 individual proteins were confidently
identified from a complex mixture of human
proteins using a simple 1D LC separation and
LC-MALDI on the AXIMA-TOF2™ MALDI
mass spectrometer

Multiple peptides were identified for most
proteins identified producing highly confident
results 

High energy CID enhanced the fragment ion
spectra generating abundant low mass ions
used to improve the significance of the
database search score

LC-MALDI is a practical and fully automated
technique for identifying components of
complex mixtures of proteins
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Figure 5 shows a second CID enhanced MS/MS
spectrum produced when a peptide ion in spot
number 302 was selected and fragmented.  Again a
high degree of peptide fragmentation is observed
giving high confidence Mascot® scores when database
searching.  This peptide was identified as a fragment of
the protein catalase with the amino acid sequence of
GAGAFGYFEVTHDITK, with a Mascot® score of 93.

A summary of the proteins identified in this
experiment along with their accession numbers and
the number of peptides identified per protein is
presented in Table 1.
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GAGAFGYFEVTHDITK

Catalase
Peptide score 93

Figure 5. Typical MS/MS
spectrum, spot number
302 precursor 1713 m/z.
Identified as catalase after
Mascot® searching
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Figure 6. Mascot® search
results for LC-MALDI
experiment of complex
mixture of proteins
showing top 25 hits and
an expanded view of
protein identification
number 5 (Transferrin)

 Uniprot Accession  Protein Name # of Peptides 
 Number  Identified
 CYB5_HUMAN Cytochrome b5 4
 TRFE_HUMAN Transferrin 11
 TRFL_HUMAN Lactoferrin 10
 CAH2_HUMAN Carbonic anhydrase 5
 ALBU_HUMAN Serum albumin precursor 8
 KCRM_HUMAN Creatine kinase 11
 GELS_HUMAN Gelsolin precursor 5
 ANT3_HUMAN Antithrombin-III precursor 5
 HBA_HUMAN Hemoglobin alpha subunit 2
 UBE2I_HUMAN Ubiquitin-conjugating enzyme E2I 4
 CATA_HUMAN Catalase 7
 CAH1_HUMAN Carbonic anhydrase 4
 TAU_HUMAN Microtubule-associated protein tau 6
 LYSC_HUMAN Lysozyme C precursor 2
 RASH_HUMAN GTPase HRas 3
 UBIQ_HUMAN Ubiquitin 2
 CATG_HUMAN Cathepsin G precursor 4
 GCTA1_HUMAN Glutathione S-transferase A1 3
 IGF1A_HUMAN Insulin-like growth factor IA precursor 1
 SYH_HUMAN Histidyl-tRNA synthetase 4
 PPIA_HUMAN Peptidyl-prolyl cis-trans isomerase A 3
 MYG_HUMAN Myoglobin 3
 HBB_HUMAN Hemoglobin beta subunit 2
 PDGFB_HUMAN Platelet-derived growth factor B chain precursor 1
 NEDD8_HUMAN NEDD8 precursor 1
 GDST1_HUMAN Glutathione S-transferase P 4
 PRDX1_HUMAN Peroxiredoxin 1 2
 EGF_HUMAN Pro-epidermal growth factor precursor (EGF) 2
 SPTN5_HUMAN Spectrin beta chain 3
 CATD_HUMAN Cathepsin D precursor 2
 A1AG1_HUMAN Alpha-1-acid glycoprotein 2
 UBE2C_HUMAN Ubiquitin-conjugating enzyme E2 C 2
 LEG8_HUMAN Galectin-8 1
 DESP_HUMAN Desmoplakin (DP) 1
 IFG2_HUMAN Insulin-like growth factor II 1
 LALBA_HUMAN Alpha lactalbumin 1
 THIO_HUMAN Thioredoxin 1

Table 1.  Summary of proteins identified from complex
mixture of proteins by LC-MALDI and AXIMA-TOF2™



MALDI TOF-TOF: Peptide mass fingerprints and
peptide ion MS/MS spectra were acquired
automatically on an AXIMA-TOF2™ MALDI mass
spectrometer in positive ion mode (Shimadzu Biotech,
Manchester, UK).  The dedicated LC-MALDI
automation software was configured to allow peak
picking of any precursor above a minimum intensity
threshold of 30 mV from chromatographic peaks of
width of at least 20 seconds.  All precursors that met
acceptance criteria were selected for MS/MS (i.e. no
restriction of the number of MS/MS acquisitions was
imposed).  Fragmentation was performed by means of
a CID cell positioned in the ion beam.  Helium was
used as the collision gas.  A curved field reflectron is
incorporated allowing excellent sensitivity and mass
accuracy of both MS and MS/MS derived ions.

Mascot® database searching:1

Searched against the Uniprot database using
Mascot® (www.matrixscience.com)
Taxonomy ‘human’ 
Enzyme was specified as ‘trypsin’ (allowing for 1
missed cleavage) 
42 fragment ions were selected from each
MS/MS spectrum over 6 segments (2-98% of
precursor mass)
A search tolerance of ±0.5 Da/ ±0.8 Da
(parent/fragments) was used to search the
MS/MS data. Values were searched as average
masses.

Results

Following analysis, the LC-MALDI software produces
a visualization of the MALDI target plate, highlighting,
by a sliding colour scale, the intensity of the peptide
ions contained within the individual wells.
Accompanying the target plate view is a reconstructed
total ion chromatogram (see Figure 2).

The LC-MALDI software initially generated peptide
mass fingerprints for each sample via a rapid screen of
each well.  After this first pass analysis for precursors,
a unique peak picking algorithm is employed, ensuring

MS/MS fragmentation data of candidates meeting the
user defined criteria are acquired at the apex of the
eluting chromatographic peak providing the highest
quality spectra.  Following the acquisition of an MS/MS
spectrum for each precursor in the candidate list,
mass lists are automatically generated.  These MS/MS
lists were subsequently batch submitted for Mascot®

database searching in order to identify proteins in an
automated fashion.  In our representative analysis, 37
individual proteins were identified from a complex
mixture of proteins.  The Mascot® search results are
shown in Figure 6.  An example of this is shown in
Figure 6 as an expansion of the Mascot® results from
the 5th ranked protein where transferrin is shown to
be identified by 5 peptides.

An example of a typical MS spectrum from an
LC-MALDI experiment is shown in Figure 3.  The
PMF spectrum originates from spot 196 of a 384 well
MALDI target plate which equates to the location
M13.  The PMF spectrum displays only a few peptide
ions indicating that the LC separation was effective. 

Figure 2. LC-MALDI software following an experiment
showing MALDI target view, spectral view and
reconstructed ion chromatogram

Figure 4 shows the high energy CID enhanced MS/MS
spectrum produced when the base peak in spot 196
was selected and fragmented.  Many fragment ion
peaks are seen in the mass spectrum including those
in the low mass region representing low mass
sequence ions and immonium ions.  This peptide was
identified as a fragment of the protein haemoglobin
alpha subunit with the amino acid sequence of
VGAHAGEYGAEALER, with an individual Mascot®

score of 130.
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Figure 3. Typical MS
spectrum, spot number 196
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VGAHAGEYGAEALER

Hemoglobin alpha subunit
Peptide score 130

Figure 4. Typical MS/MS
spectrum, spot number
196 precursor 1530 m/z.
Identified as haemoglobin
after Mascot® searching


