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Abstract
In this study we report a novel use for the iTRAQ® reagent combined with a peptide mass
inclusion list to enhance the signal of low-abundance proteins during analysis by mass
spectrometry. C-tagged-SH-EGFR was retrovirally-transduced into two mutant lung cancer cell
lines (HCC827 and PC9) and the core protein complexes enriched by tandem affinity purification.
Tryptically-digested peptides were derivatised with iTRAQ® and analysed by higher-energy
collision-induced dissociation mass spectrometry. The data revealed that UBS3B is a member of
the EGFR core complex in the HCC827 cell line, that was not apparent by standard, unbiased one-
dimensional shotgun analysis and collision-induced dissociation. The expression level of UBS3B,
however, was 6 to 10 times lower than that observed in the PC9 cell line. Thus, using iTRAQ® in
this fashion allows the identification of low-abundance interactors when combined with samples
where the same protein has a higher abundance. Ultimately, this approach may uncover proteins
that were previously unknown or only suspected as members of core protein complexes.
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Introduction
The combination of affinity purification with mass spectrometric-based proteomics is a
powerful methodology that enables the discernment of proteins involved in forming stable,
non-covalent functional complexes. Large-scale comprehensive protein-protein interaction
networks of entire organisms;1–4 disease-associated proteins5 and pathways6–9 have shown
the value of combining affinity purification with mass spectrometry to deepen our
understanding of systems biology. On a more focussed level, TAP combined with LCMS
has resulted in the successful charting of selected molecular machines.10–13 Such studies
primarily utilised a gel-based LCMS strategy. Thus the majority of the abundant bait protein
was physically separated by SDS-PAGE from low-abundance interacting proteins, thereby
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increasing the chances of detecting the weaker proteins by mass spectrometry. The
introduction of the streptavidin-haemagglutinin-(SH)-TAP tag8 combined with one-
dimensional shotgun LCMS markedly improved the TAP-LCMS workflow with respect to
quantitity of required input material and throughput speed. A drawback of this approach,
however, is that peptides from any abundant bait protein can potentially mask the selection,
fragmentation and subsequent identification of peptides from low-abundance interacting
proteins. If there was a means by which: (i) the signal intensity of peptides from low-
abundance proteins could be enhanced in the mass spectrometer; and/or (ii) the selection of
abundant bait peptides could be reduced; such a combined methodology has the potential to
uncover previously unknown, low-abundance interacting proteins.

The EGFR tyrosine kinase can drive numerous downstream signalling pathways responsible
for cancer growth and survival. Inhibition of EGFR by the small molecule inhibitor erlotinib
can extend survival in patients with advanced lung cancer refractory to chemotherapy.14

Activating somatic mutations in EGFR enhance receptor signalling and predict sensitivity to
tyrosine kinase inhibitors (TKI’s, e.g., erlotinib and gefitinib14–16) that target EGFR.
Unfortunately resistance mechanisms such as secondary mutations in EGFR or MET
amplification can rapidly lead to drug resistance and tumor growth.17–19

Mutant EGFR leads to constitutive activation of downstream ERK, PI3K/Akt, and STAT
signalling resulting in ‘oncogene addiction’ and tumour cell growth and survival.20 Mutant
EGFR proteins not only possess constitutive kinase activity but are also known to be
defective in internalisation leading to increased membrane signalling.21–23 Understanding
the process specific to mutant EGFR proteins could offer novel therapeutic strategies that
may overcome resistance mechanisms. A global understanding of this process, however, is
daunting. Numerous mechanisms have been proposed in different cell types, but most of
these studies examined wild type EGFR proteins. Redundancy or robustness of these
mechanisms is still unclear.

A deeper and more thorough understanding of the molecular network of EGFR could lead to
novel therapeutic targets and/or strategies. One of the major strengths of such a network
approach is the ability to identify proteins whose expression level, or complex formation
with other proteins, affects survival of cells with mutant EGFR. Importantly, this ‘EGFR
network’ can be considered as a target for therapeutic intervention. The distinction here is
that rather than targeting EGFR only, the focus would be on targeting the network of
proteins used by EGFR to activate downstream signalling. This network view also produces
insights into the redundancy of mechanisms that allow the maintenance of EGFR signalling,
thereby enabling approaches that can disable these mechanisms and result in EGFR
degradation. Overall, such knowledge has the potential to lead to therapeutic approaches to
attack both sensitive and resistant forms of EGFR resulting in cell death and regression in
patients.

In this study, SH-tagged versions of mutant EGFR were expressed in two lung cancer cell
lines via retroviral transduction. A tandem affinity purification strategy coupled to LCMS
was then used to identify the EGFR core protein complexes (Figure 1). To compare the
complexes from the two distinct cell lines, we developed an iTRAQ®-based strategy to
identify low-abundance peptides that were not observed using an unbiased, one-dimensional
shotgun top 6 collision-induced dissociation (1D-SG-CID) data-dependent acquisition.
Normally, the iTRAQ® reagent is used to determine the relative quantities of a protein
between samples.24 Here we show a novel use of iTRAQ® to identify a low-abundance
protein (UBS3A) when combined with a sample where the same protein is present in higher
quantities. This approach enhances the weaker peptide signals in the mass spectrometer due
to the additive effect from the more abundant signals. Analysis of the iTRAQ® reporter ions
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indicated that indeed UBS3A was present in both the HCC827 and PC9 cell lines, but in
markedly reduced quantities in the former and thus not observed by standard 1D-SG-CID
mass spectrometry. Combining this with a peptide m/z plus retention time inclusion list, we
also show preferential selection of certain peptides thereby alleviating the dynamic range
issue of abundant bait proteins. This approach offers the possibility of not only
quantitatively comparing data between TAP samples, but also to identify low-abundance
proteins that are normally not observed by conventional mass spectrometric methods.

Material and Methods
Materials

Iodoacetamide, dithiothreitol, 1 M triethylammonium bicarbonate (TEAB), protease
inhibitor cocktail, anti-HA agarose, polybrene (SIGMA-Aldrich, St. Louis, MO); trypsin
(Promega Corp., Madison, WI); formic acid (HCOOH) (MERCK, Darmstadt, Germany);
Strep-Tactin sepharose (IBA TAGnologies, Götingen, Germany); D-biotin (Alfa Aesar,
Karlsruhe, Germany); 4-plex iTRAQ® reagent (ABI, Framingham, MA); micro Bio-Spin
chromatography columns (Bio-Rad, Hercules, CA); Gateway LR Clonase™ II Enzyme Mix
Kit, foetal bovine serum, lipofectamine 2000 (Invitrogen, Carlsbad, CA).

Retroviral Infection
cDNA for EGFR Del was provided by Dr. William Pao (Vanderbilt University, Nashville,
TN). The design of PCR primers, amplification and pENTR TOPO cloning of EGFR Del
were performed as previously described.25 EGFR Del was inserted into pfMSCV-C-SH
IRES GFP gateway vector from pENTR TOPO vector by Gateway LR Clonase™ II
Enzyme Mix Kit. The retroviral expression clone was verified by DNA sequencing using an
Applied Biosystems 3130X1 Genetic analyser (HITACHI) with data analysis performed
using Lasergene software V7.2. Phoenix HEK293 cells were obtained from ATCC
(Manassas, VA) and grown in DMEM medium containing 10% foetal bovine serum (FBS).
On day one, 8 × 105 Phoenix cells per well were seeded in a 6-well plate. On day two, cells
were transfected with 3 µg VSV-G and 5 µg retroviral plasmids using lipofectamine 2000.
Six hours after transfection, the supernatant was replaced with 2 mL DMEM 20% FBS and
the cells incubated in a 5% CO2 incubator at 32°C for 48 h. The supernatant (viruses) was
collected by centrifugation at 4°C; either stored at −80°C, or used immediately to infect the
target cells. PC9 and HCC827 cells were maintained in RPMI-1640 medium supplemented
with 10% FBS. For retroviral transduction, 2 × 105 cells per well were seeded in a 6-well
plate. After overnight incubation, cells were infected with 800 µL of the virus supernatant
plus 6 µg/mL polybrene for 24 h and then supplemented with 4 mL media per well. Cells
were grown continuously until cell sorting. One week after infection, GFP-positive cells
were sorted by FACSVantage from BD Biosciences (San Diego, CA). GFP positivity and
HA expression were assessed by flow cytometry and immunoblot, respectively, before
expanding the cells to 10 × 15 cm dishes. When approximately 90% confluent, the EGFR
Del-tagged cells were washed with ice-cold PBS containing 1 mM sodium orthovanadate
and scraped with a cell lifter on ice. Two cell pellets (each consisting of 5 × 15 cm dishes)
were collected in 15 mL conical tubes by centrifugation at 129 × g at 4°C and stored at
−80°C until required.

SH-Tandem-Affinity Purification (adapted from Gstaiger et al.).8

EGFR- and GFP-expressing PC9 or HCC827 cells were lysed in TNN-HS buffer (50 mM
HEPES pH 8.0, 150 mM NaCl, 5 mM EDTA, 0.5% NP-40, 50 mM NaF, 1.5 mM Na3VO4,
1.0 mM PMSF and protease inhibitor cocktail). Insoluble material was removed by
centrifugation at 39,443 × g for 15 min at 4°C. 200 µL StrepTactin sepharose (400 µL
slurry/pulldown) was transferred to a 14 mL dust-free Falcon tube and washed with 2 × 1
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mL TNN-HS buffer. The lysates (approximately 50 mg total protein from 5 × 15 cm plates)
were added to the washed StrepTactin sepharose and rotated for 20 min at 4°C. The
sepharose beads and supernatant were transferred to a spin column and gravity drained. The
sepharose was washed with 4 × 1 mL TNN-HS buffer, and the bound proteins eluted with 3
× 300 µL freshly-prepared 2.5 mM D-biotin in TNN-HS buffer into a fresh dust-free 1.5 mL
eppendorf tube. 100 µL anti-HA agarose beads (200 µL slurry/pulldown) were transferred
into a 1.5 mL eppendorf tube, washed with 1 × 1 mL TNN-HS buffer, and centrifuged at
200 × g for 1 min at 4°C. The supernatant was removed and the agarose resuspended in 100
µL TNN-HS buffer. The anti-HA agarose beads were added to the biotin eluate and rotated
for 1 h at 4°C. The samples were centrifuged at 200 × g for 1 min at 4°C and the supernatant
removed. The agarose beads were resuspended in 1 mL TNN-HS buffer, the washed beads
and buffer loaded into a fresh dust-free Biospin column and gravity drained. The anti-HA
agarose was washed with 3 × 1 mL TNN-HS buffer and then with 2 × 1 mL TNN-HS buffer
consisting of only HEPES, NaCl and EDTA. Retained proteins were eluted from the column
directly into a glass HPLC vial with 500 µL 100 mM HCOOH and immediately neutralised
with 125 µL 1 M TEAB.26 200 µL were removed for silver-stain one-dimensional gel
electrophoresis and/or immunoblot analysis as required. The remaining sample was frozen at
−20°C until further processing.

Solution Tryptic Digestion and iTRAQ® Derivatisation
Proteins from the TEAB-neutralised acid eluate were reduced with dithiothreitol, alkylated
with iodoacetamide and digested with trypsin. Multiples of 3% of the total eluate volume
were desalted and concentrated with customised reversed-phase stage tips.27 The volume of
the eluted sample was reduced to approximately 2 µL in a vacuum centrifuge and
reconstituted to 8 µL with 5% formic acid and multiples thereof. Tryptically-digested
samples were derivatised with 4-plex iTRAQ® reagent24 according to the instructions
provided. The biochemical replicates of the strep-HA tandem affinity purifications of EGFR
from the HCC827 and PC9 cell lines were labelled with iTRAQ® 114 and 115; and 116 and
117, respectively (Figure 2A).

Liquid Chromatography and Mass Spectrometry
Mass spectrometry was performed on a hybrid LTQ-Orbitrap XL mass spectrometer
(ThermoFisher Scientific, Waltham, MA) using the Xcalibur version 2.0.7 coupled to an
Agilent 1200 HPLC nanoflow system (dual pump system with one precolumn and one
analytical column) (Agilent Biotechnologies, Palo Alto, CA) via a nanoelectrospray ion
source using liquid junction (Proxeon, Odense, Denmark). Solvents for LCMS separation of
the digested samples were as follows: solvent A consisted of 0.4% formic acid in water and
solvent B consisted of 0.4% formic acid in 70% methanol and 20% isopropanol. From a
thermostatted microautosampler, 8 µL of the tryptic peptide mixture were automatically
loaded onto a trap column (Zorbax 300SB-C18 5 µm, 5 × 0.3 mm, Agilent Biotechnologies,
Palo Alto, CA) with a binary pump at a flow rate of 45 µL/min. 0.1% TFA was used for
loading and washing the pre-column. After washing, the peptides were eluted by back-
flushing onto a 16 cm fused silica analytical column with an inner diameter of 50 µm packed
with C18 reversed phase material (ReproSil-Pur 120 C18-AQ, 3 µm, Dr. Maisch GmbH,
Ammerbuch-Entringen, Germany). The peptides were eluted from the analytical column
with a 27 minute gradient ranging from 3 to 30 percent solvent B, followed by a 25 minute
gradient from 30 to 70 percent solvent B and, finally, a 7 minute gradient from 70 to 100
percent solvent B at a constant flow rate of 100 nL/min. The analyses were performed in a
data-dependent acquisition mode using a top 6 collision-induced dissociation (CID) method
for peptide identification alone; or a top 4 high-energy collision-induced dissociation (HCD)
method for peptide identification plus relative quantitation of iTRAQ® reporter ions.
Dynamic exclusion for selected ions was 60 seconds. No lock masses were employed.
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Maximal ion accumulation time allowed on the LTQ Orbitrap in CID mode was 150 ms for
MSn in the LTQ and 1,000 ms in the C-trap. Automatic gain control was used to prevent
overfilling of the ion traps and were set to 5,000 (CID) in MSn mode for the LTQ, 106 ions
for a full FTMS scan and 105 ions for HCD. Maximum ion time for HCD was set to 1,000
ms for acquiring 1 microscan at a resolution of 7,500. Injection waveforms were activated
for both LTQ and Orbitrap. Intact peptides were detected in the Orbitrap at 100,000
resolution for CID fragmentation and 60,000 for HCD fragmentation experiments. The
threshold for switching from MS to MSMS was 2000 counts.

Generation of a Global Inclusion List
The iTRAQ®-labelled biochemical replicate of the EGFR complex purified from the PC9
cell line was analysed as a 1D shotgun experiment by CID. A global m/z precursor ion list
was generated from the identified proteins. The list was comprised of 53 tryptic peptides
plus retention time (Tr). A window of approximately ± 30 s was set for each Tr. To activate
targeted analysis, the MS method parameters were as follows. Preview mode was enabled,
the precursor ion mass width was ±5 ppm relative to the mass, and the use of m/z as masses
was deselected. If a precursor mass on the inclusion list is not observed, the mass
spectrometer selects the four ions with highest intensity for fragmentation.

Data Analysis
The acquired data were processed with Bioworks v3.3.1 SP1 (ThermoFisher, Waltham, MA,
USA), dta files merged with an internally-developed program, and searched against the
human SwissProt database version v57.4 (34,579 sequences, including isoforms as obtained
from varsplic.pl) with the search engines MASCOT (v2.2.03, MatrixScience, London, UK)
and Phenyx (v2.5.14, GeneBio, Geneva, Switzerland). 28 Submission to the search engines
was via a Perl script that performs an initial search with relatively broad mass tolerances
(MASCOT only) on both the precursor and fragment ions (±10 ppm and ±0.6 Da,
respectively). High-confidence peptide identifications are used to recalibrate all precursor
and fragment ion masses prior to a second search with narrower mass tolerances (±4 ppm
and ±0.3 Da for CID and ±4 ppm and ±0.025 Da for HCD, respectively). One missed tryptic
cleavage site was allowed. Carbamidomethyl cysteine and iTRAQ® 4-plex (N-terminii and
lysine) were set as fixed modifications, and oxidised methionine was set as a variable
modification. To validate the proteins, MASCOT and Phenyx output files were processed by
internally-developed parsers. For MASCOT, two unique peptides with an ion score >18
(plus additional peptides from proteins fulfilling the criteria with an ion score >10) are
required. For Phenyx, two unique peptides with a z-score >4.5 and a P-value <0.001 are
required (plus additional peptides from proteins fulfilling the criteria with a z-score >3.5 and
a P-value <0.001).

The validated proteins retrieved by the two algorithms are merged, any spectral conflicts
discarded and grouped according to shared peptides. A false positive detection rate (FDR) of
<0.25 % and <0.1 % (including the peptides exported with lower scores) was determined for
proteins and peptides, respectively, by applying the same procedure against a reversed
database. Comparisons between analytical methods involved comparisons between the
corresponding sets of identified proteins. This was achieved by an internally-developed
program that simultaneously computes the protein groups in all samples and extracts
statistical data such as the number of distinct peptides, number of spectra, and sequence
coverage.

iTRAQ® Relative Quantitation
Identified peptides that are unique to a specific protein were used to determine relative
quantitation of a protein between the four samples. The intensities of the iTRAQ® reporter
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ion m/z values (114.1112, 115.1083, 116.1116 and 117.1150) for these peptides were
extracted from the centroided data in the merged.mgf peak lists. The computation and
analysis of the relative iTRAQ® ratios were performed with an internally-developed Perl
script. The data was corrected for reagent impurity (according to the values supplied by the
manufacturer). By using a sliding window approach, noise levels were calculated relative to
the retention time and subtracted. Only iTRAQ® reporter ion intensities > 2000 counts were
considered for the calculation of the ratios. For the final relative quantitation of a protein, the
median ratio of the relative intensities of the reporter ions of all (specific) spectra for a
protein are used.

Results and Discussion
One-Dimensional Shotgun Analysis of C-tagged-SH-EGFR

Mutant EGFR protein complexes from two cell lines were examined in this study. The PC9
cell line harbours the E746-A750 EGFR deletion mutant and has 5 copies per cell of the
EGFR gene, whilst the HCC827 cell line harbours the E746-A750 EGFR deletion mutant
and has 34 copies per cell of the EGFR gene.29 Both cells show preferential amplification of
mutant EGFR alleles over wild type EGFR. Taking into consideration the differences
between the endogenous EGFR expression levels, it was hypothesised that a certain
proportion of the EGFR core complex proteins in the HCC827 cells could be potentially
sequestered from the tagged EGFR by endogenous EGFR. The tryptic digests of the acid-
eluted and neutralised protein complexes purified from N-terminally-tagged green
fluorescent protein (GFP) and C-terminally-tagged EGFR were analysed by standard,
unbiased 1D-SG-CID LCMS.

Analysis of the EGFR complexes purified from the PC9 lung cancer cells resulted in the
identification of 15 protein groups (n = 4, Table 1). This was following subtraction of the
proteins observed from the GFP purification in the same cell line and removal of non-
specifically interacting proteins. As is usually observed with SH purifications, the bait
(EGFR) was the most abundant protein with a maximum sequence coverage of 54% (61
unique peptides identified from 3,916 spectra). Proteins identified as part of the EGFR core
complex were: GRB2 (64% SC, 13 PCT from 332 SCT); ERRFI (34% SC, 15 PCT from
225 SCT); ERBB2 (4% SC, 4 PCT from 207 SCT); UBS3B (41% SC, 21 PCT from 198
SCT); HS90A (11% SC, 9 PCT from 55 SCT); HS90B (9% SC, 7 PCT from 46 SCT); and
CDC37 (8% SC, 2 PCT from 10 SCT). AP2M1 and AP2A2 proteins involved in EGFR
endocytocytosis; the adaptor protein SHC1; and the chaperone GRP75 were also identified.
GRP78, HSP7C, HSP71 and HS71L were observed in both the EGFR and GFP
purifications. The spectral counts were markedly increased when EGFR was the bait,
indicating enrichment of heat shock proteins in the mutant EGFR complex. For example,
from the GFP TAP there were a total of 31 spectra matching HSP7C. This increased by 91%
to 345 spectral counts when EGFR was the bait (Table 1). In addition to the core complex
proteins, a number of cytoplasmic and ribosomal proteins were observed (TBA1B, TBA1C,
TBB5, TBB2C, TBA4A, RL23, RS27, RS27L). Some proteins that are not known to interact
with EGFR (ADT3, EFTU, 1433S, 1433T, UBIQ, HNRPU, LMNB1 and MPCP) were also
apparent and are most likely indicative of non-specifically-interacting proteins.

For the HCC827 cells, subtraction of the protein groups observed in the GFP negative
control and exclusion of proteins likely to act as non-specific binders (EFTU, RS27 and
MPCP) resulted in 10 proteins that were assumed to interact with C-tagged SH-EGFR (n =
4, Table 2). Again, the EGFR bait was the most abundant protein with a maximum sequence
coverage of 51% (58 PCT from 3,308 SCT). The proteins identified as part of the core
complex of EGFR purified from the HCC827 lung cancer cell line were: GRB2 (35% SCV,
8 PCT from 55 SCT); ERRFI (25% SCV, 10 PCT from 45 SCT); HS90B (20% SCV, 14
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PCT from 88 SCT); HS90A (17% SCV, 12 PCT from 80 SCT); CDC37 (10% SCV, 3 PCT
from 15 SCT); and STAT3 (8% SCV, 4 unique PCT from 6 SCT). As for the EGFR-TAP
from the PC9 cell line, HSP7C, GRP78, HSP71 and HS71L were identified in both the
EGFR and GFP experiments, and again the spectral counts were markedly increased in the
former.

GRB2 and ERRFI had a lower sequence coverage than that observed in the PC9 cell line
while HS90A, HS90B and CDC37 were higher in the HCC827 cells. A number of proteins
observed in the PC9 cells were not identified in the EGFR complex isolated from the
HCC827 cell line. This included ERBB2, UBS3B, AP2M1, SHC1, and AP2A2. It was
hypothesised that these proteins are indeed part of the EGFR complex in the HCC827 cell
line. The abundance, however, may be low and therefore the proteins are not identified using
an unbiased one-dimensional shotgun data-dependent CID method. To examine this in more
detail, we developed an alternative use for the iTRAQ® reagent that resulted in the
identification of a lower-abundance EGFR interacting protein purified from the HCC827
cell line.

One-Dimensional Shotgun CID Analysis of iTRAQ®-labelled C-tagged-SH-EGFR
The 117-iTRAQ®-labelled biochemical replicate of C-tagged SH-EGFR purified from the
PC9 cell line was analysed by a data-dependent top 6 CID method to identify the peptides in
the sample (Table 1). This is an important step to generate a global inclusion list with
corresponding retention time windows. iTRAQ® labelling results in a shift in retention times
of the peptides as compared to the unlabelled counterparts, i.e., the addition of an iTRAQ®

label leads to increased peptide hydophobicity. As shown in Table 1, back-to-back analyses
of EGFR purifications from PC9 cells resulted in the identification of a total of 11 protein
groups from the unlabelled sample (GFP subtracted, enriched heat shock proteins included
and non-specific proteins removed). Analysis of the 117-labelled iTRAQ® counterpart
resulted in the identification of 9 protein groups. Note that the quantity of starting material
used to generate the 117-iTRAQ®-labelled reference sample was quite low. Thus, a loss of
information especially for low-abundance peptides may be due to sample processing during
labelling that undoubtedly culminates in incomplete peptide recovery. In addition, altered
retention time behaviour may also change ion suppression effects, particularly for low-
abundance peptides. Compared to the initial analyses (Table 1), AP2A2 and SHC1 were not
identified in the unlabelled sample. Following iTRAQ®-labelling, ERBB2, AP2M1 and
HS90B were no longer identified, however, SHC1 was apparent.

A complete and comprehensive list of all the m/z values selected for fragmentation plus
retention time (Tr) windows was extracted from the 117-iTRAQ®-labelled raw data MS file.
Peptides were chosen for addition on the inclusion list according to the following criteria.
For the abundant bait protein EGFR, ions with a high intensity and a Mascot peptide score ≥
55 were selected. Additional peptides with a lower Mascot peptide score were also added
based on the retention time value such that all peptides chosen were evenly-distributed
across the entire time range of the LCMS chromatogram. The rationale for this approach is
to provide sufficient peptides to clearly identify the protein, but to also minimise the
selection of over-abundant EGFR peptides and ‘force’ the mass spectrometer to choose an
alternative ion in an attempt to identify other peptides from the interacting proteins in the
EGFR core complex. For the heat shock proteins GRP78, HSP7C and HSP71, peptides with
a Mascot peptide score ≥ 35 were chosen plus additional peptides based on retention time.
For the weaker, less-abundant proteins, a minimum of two unique peptides identified by
Mascot with a peptide score ≥ 18 were included. The final inclusion list consisted of 53 ions
as follows: EGFR (7), GRP78 (6), HSP7C (7), HSP71 (3), GRB2 (7), UBS3B (6), HS90A
(6), ERRFI (4), SHC1 (4) and UBIQ (3). Nonspecific proteins and known contaminants
such as keratin and trypsin were excluded.
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iTRAQ®-labelled biochemical replicates of the EGFR purifications from the two cells lines
were mixed in equal volumes and analysed by a top 4 HCD fragmentation method to
identify the peptides (Table 4) and provide relative quantitation on the iTRAQ® reporter
ions (Figure 2B). It is noteworthy to add at this point that we (unpublished observations) and
others30,31 have observed that one-dimensional shotgun analyses of iTRAQ®-labelled
complex peptide mixtures (e.g., body fluids, whole cell lysates) can lead to problems with
accurate quantitation. Co-elution of peptides from the separation column results in mixed
MSMS spectra and subsequent false augmentation of the iTRAQ reporter ions. For the most
part, this is overcome by fractionation of the mixtures. For reduced complexity samples such
as a SH-TAP this caveat does not appear to affect the quantitation as the total number of
proteins (and thus peptides) is less than in a body fluid or whole cell lysate. Hence the
probability of co-eluting peptides, mixed MSMS spectra and skewed iTRAQ® reporter ions
is markedly reduced.

The samples were analysed by three alternative mass spectrometric methods: (A) standard
data-dependent acquisition, i.e., no inclusion list; (B) global inclusion list only; and (C)
global inclusion list plus the most intense ions. The third method initially favours peptides
on the inclusion list, regardless of intensity. If none of the peptides on the list are observed,
the mass spectrometer selects and fragments the peptide with the highest intensity. Using
method (A), 11 proteins (including trypsin) were identified (n = 1). This decreased to 8
proteins when the inclusion list was activated (n = 1); and increased to 12 proteins
(including trypsin) when a combined method incorporating the inclusion list plus most
intense ions was used (n = 2). With method (A), EGFR was identified with a sequence
coverage of 46% (47 PCT from 244 SCT). Not surprisingly, the sequence coverage
decreased to 8% (7 PCT from 18 SCT) when only the global inclusion list was used (only 7
peptides from EGFR were on the inclusion list); and increased again to 48% (54 PCT from
354 SCT) when the global inclusion list plus most intense ions was used. GRB2, HSP7C and
GRP78 followed a similar trend to EGFR. HSP71 and HS90A all increased in sequence
coverage with each MS method. The sequence coverage for ERRFI was 17% for method
(A); decreased to 5% with method (B) and increased to 15% with method (C). UBS3B had
the same sequence coverage with methods (A) and (B), but increased from 7% to 9% with
method (C). SHC1 and UBIQ were not identified via any of the approaches, however, this is
reasonable as the intensities of these particular ions were quite low in the original unlabelled
eluate. In addition, the cycle time for HCD fragmentation is slower than for CID, thus there
are always fewer proteins identified with lower spectral counts than a comparative analysis
with CID. Overall these data showed that method (C) provided the best compromise
between total number of proteins identified without over-selection of the abundant peptides
from the EGFR bait.

Relative Quantitation of iTRAQ®-labelled C-tagged-SH-EGFR
Analysis of the relative quantitative results from the technical replicates generated using
mass spectrometric method (C) are shown in Figure 2B. The ratio of EGFR varied across the
4 iTRAQ® channels, although the relative ratio of EGFR in the HCC827 cell lines was close
to equimolar. With the PC9 cell line, the ratio of EGFR from the first biochemical replicate
was lower than the second replicate. This may have been a consequence of inefficient
elution of the protein by formic acid (Figure 2B). Overall, the second replicate from the PC9
cell line yielded approximately 1.5 time more bait protein than EGFR from the HCC827 cell
line. The relative ratios of EGFR-interacting proteins GRB2, ERRFI, UBS3B and GRP78
were higher in the PC9 cell line compared to HCC827 (Figure 2B). UBS3B was not
identified in the experiments conducted in the HCC827 cell line and analysed by 1D-SG-
CID (see Table 2), however, the combined iTRAQ®-labelled peptides from UBS3B that is
more abundant in the PC9 (or less sequestered by endogenous EGFR compared to HCC827)
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indicated that UBS3B was actually present at low levels in the EGFR TAP from the
HCC827 cells (Figure 2B). The relative quantitation between the channels showed that 6 to
10 times more UBS3B was incorporated in the EGFR core complex purified from the PC9
cell line than that observed with the HCC827 cells. The relative ratios of TBA1B, HSP7C,
HS90A and HSP71 followed a similar trend to that observed with EGFR. Namely, that the
second biochemical replicate of the EGFR purification from either cell line had slightly
higher protein ratios as compared to the first biochemical replicates (Figure 2B).

Thus, here we show a new approach to identify a protein in a system that normally would
not be observed because of low-abundance due to sequestration by endogenous bait protein
and/or suppression by the high quantities of the bait. When combined with an inclusion list,
low-abundance peptides have an improved chance of detection and fragmentation in the
mass spectrometer. Therefore we show a novel application of a current methodology to
identify low-abundance (or weakly-expressed) proteins. This approach may also be
beneficial in detecting transient proteins that only remain in minute quantities after the
tandem affinity purification. The entire methodology as described in this study, can also be
extended to a range of other applications, e.g., pooling of samples can generically provide a
means to increase the detection of low-abundance species due to the additive effect of the
iTRAQ®-modified proteins.

Conclusion
Using the iTRAQ® reagent combined with an inclusion list of known specific peptides we
have shown a novel application to enhance the intensity of peptides from low-abundance
proteins that are otherwise not observed via standard one-dimensional shotgun approaches
with faster collision-induced dissociation fragmentation method in the hybrid LTQ-Orbitrap
XL mass spectrometer. We have shown that UBS3B is a member of the EGFR core complex
in HCC827 cell line, that was not apparent by standard methodology. Using iTRAQ® in this
fashion, will allow the identification of low-abundance interacting proteins when combined
with samples where the protein has a higher abundance.

Alternatively, this approach could be used to spike peptides into samples where it is believed
the protein is present but is too weak to be identified by conventional techniques.
Ultimately, this should lead to confirmation of interactors that are suspected and may also
result in the identification of transiently-interacting (and thus low-abundance) proteins.
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Figure 1.
Schematic representation of the tandem affinity purification (TAP) procedure (adapted from
Gstaiger et al.8). HCC827 or PC9 cells expressing SH-tagged proteins were lysed and
purified from total protein extracts using streptavidin sepharose (StrepTactin beads). After
several wash steps, tagged proteins were eluted with 2.5 mM D-biotin for subsequent
immunoaffinity purification using anti-HA agarose. After further wash steps, protein
complexes were eluted with 100 mM formic acid (pH 2.5) and processed for mass
spectrometric analysis.
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Figure 2.
Relative iTRAQ® ratios for the four iTRAQ®-labelled and pooled TAP experiments
analysed as technical replicates by higher-energy collision-induced dissociation (HCD).
Mass spectrometry method (C), i.e., global inclusion list plus the most intense ions, was
used for the analyses. (A) Schematic overview of the iTRAQ® labelling strategy. The
biochemical replicates of the EGFR TAP performed from the HCC827 and PC9 cell lines
are labelled with 114, 115 and 116, 117 reagents, respectively. (B) Relative quantitation of
EGFR and eight interacting proteins. The 114:114 ratio (always equal to one) is included for
clarity.
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