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Abstract
A pseudo-MRM method using high-resolution mass spectrometry is presented for the specific
detection of truncated tissue factor (tTF), retargeted to tumor vasculature by GNGRAHA peptide
(tTF-NGR), in serum. In order to increase sensitivity, serum proteins are pre-separated by 1D-gel
electrophoresis and the gel band corresponding to recombinant human tTF-NGR is investigated.
Calibration is performed using the gel-separated pure protein. The method relies on six unique
tryptic peptides and is sensitive at the low fmol level.
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Introduction
Truncated tissue factor (tTF), retargeted to tumor vasculature by GNGRAHA peptide (tTF-NGR),
and cytotoxic drugs such as doxorubicin have therapeutic activity against a variety of tumors. tTFNGR-induced tumor vessel infarction can improve the pharmacodynamics of the drugs by new
mechanisms, entrapping a cytotoxic molecule inside tumor tissue and reciprocally improving
procoagulatory activity of tTF-NGR in the tumor vasculature via apoptosis induction in tumor
endothelial and tumor cells. [1]
tTF-NGR consists of the extracellular domain of tissue factor and the peptide GNGRAHA, a ligand
of the surface protein aminopeptidase N which is upregulated on endothelial cells of tumor
vessels. tTF-NGR shows antitumor activity in xenografts and inhibition of tumor blood flow in
cancer patients; PEGylation can significantly improve the therapeutic range of tTF-NGR. [2, 3]
In order to determine the concentration of the protein in patient serum, we developed a sensitive
mass spectrometry (MS)-based method for its specific detection. High-resolution MS was used in
a targeted pseudo multireaction-monitoring (MRM) approach. Tryptic peptides were selected
according to their response to the detection method (Figure 1). Cysteine and methionine
containing peptides were included in the MRM method for improved coverage. They can be
optionally excluded from quantification, if an increased error due to amino acid modification is
noted.

Experimental
Recombinant human tTF-NGR (Figure 1) was prepared by 1D-mini gel electrophoresis (10 pmol
per band). Coomassie-stained bands were excised from the gel, destained in 50:50 v/v 25 mM
NH4HCO3 / methanol and washed with water. Subsequently, they were dehydrated with 100 µl
acetonitrile (ACN) and dried in a speedvac. Reduction was performed by incubating with 50 μL
DTT (20 mM in 50 mM NH4HCO3) for 1 h at room temperature. DTT solution was removed and
the gel plug was dried again (100 µl ACN, speedvac). For alkylation, 50 µl iodoacetic acid (50 mM
in 50 mM NH4HCO3) were added. Reaction proceeded at room temperature in the dark for 30 min.
The solution was removed and the gel was dried as above followed by quenching with DTT
solution for 15 min and dehydration of the gel as before. For tryptic digestion (overnight at 37°C),
the gel plug was reswollen with 50 µl trypsin (0.02 µg/µl in 10% ACN / 50 mM NH4HCO3) and
covered with 10% ACN / 50 mM NH4HCO3. Peptides were extracted by subsequent shaking with
aqueous ACN (rising concentrations 10-50-80%) containing 1% formic acid (FA). Extracts were
pooled and dried for storage. Peptides were redissolved in 10 µl 0.1% FA / 5% ACN for reversedphase liquid chromatography (LC) coupled to tandem mass spectrometry (MS). Experiments
were performed using Synapt G2 Si ion mobility mass spectrometer with M-Class UPLC (Waters
Corp.) with a 30 min gradient (solvent system 100% water versus 100% ACN, both containing
0.1% formic acid; trap column V/M Symmetry C18 100 Å 5 µm, 180 µm x 20 mm; reversed phase
column HSS T3 1.8 µm 75 µm x 200 mm; 0.5 to 2 µl injection volume). The MRM method was
set up using Skyline software (vs. 3.6.0.10162, University of Washington) by training it on three
subsequent 0.5 µl injections run with data-independent acquisition. Peptides (Figure 2) were
selected and the MRM method (Figure 3) exported to the driver software MassLynx 4.1. Figure 4
illustrates the response of all peptides obtained when injecting 0.5 µl. It is important to consider
the ion intensities of several fragments when evaluating unknowns. They should match the
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presented spectra in their overall relation; if they do not, the assignment may be incorrect. This
effect is often noted when measuring at the detection limit. Singular low-mass ions may suggest
the presence of a particular peptide, but they are rather the result of background sequencing. The
calibration curve (Figure 5) was determined for injections of 0.5 to 2 µl. It can be extended to
lower concentrations by diluting the peptide extract accordingly (10 pmol protein per gel band in
50 µl to give an equivalent of 200 fmol/µl to make up for handling losses). The LC-MS method
itself is specified for the reliable identification of 50 fmol protein on-column.

MHHHHHHSSGLVPRGSGMKETAAAKFERQHMDSPDLGTDDDDKAMGSGTTNTVAA
YNLTWKSTNFKTILEWEPKPVNQVYTVQISTKSGDWKSKCFYTTDTECDLTDEIV
KDVKQTYLARVFSYPAGNVESTGSAGEPLYENSPEFTPYLETNLGQPTIQSFEQV
GTKVNVTVEDERTLVRRNNTFLSLRDVFGKDLIYTLYYWKSSSSGKKTAKTNTNE
FLIDVDKGENYCFSVQAVIPSRTVNRKSTDSPVECMGQEKGEFRGNGRAHA
Figure 1: Protein sequence of recombinant tTF-NGR (molecular weight 30381.7 Da, 218 amino
acid residues (AA) truncated tissue factor) containing an N-terminal 46 AA His-tag (underlined,
red) and the C-terminal 7 AA NGR binding motif (bold). MRM-peptides in green.
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Figure 2: Target peptides and their fragment
ions for MRM as displayed in Skyline. They
were selected according to their response in the
mass spectrometer from three subsequent
measurements.

Figure 3: MRM method transferred from Skyline
to MassLynx. Detection range m/z 50-2000 in
0.4 s. Six peptides are targeted via their doublycharged ions.
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Figure 4: Peak shape and abundance as well as the fragment ion spectrum for 0.5 µl injections.
Shown are the selected fragment ions with the highest and the lowest abundance, respectively,
for each peptide from Figure 2.
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Figure 5: Calibration for tryptic peptides (fmol band
equivalent on-column versus total peak area in
million) extracted from 1D-gel bands (10 pmol/band
dissolved in 10 µl). Injection volume 0.5 to 2 µl.

Conclusion
A pseudo-MRM for the specific detection of tTF-NGR is presented. It can be used to quantify the
protein at low fmol levels in a background of other proteins pre-separated on 1D-gel bands.
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