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Summary

Expression of p63 is essential for the formation of epidermis and other stratifying epithelia.
Moreover p63 is highly expressed in several epithelial cancers and is involved in tumourige
nesis and controlling chemo-sensitivity. The identification of p63 interacting partners is essen
tial for understanding the complex network of gene regulation managing epithelial develop
ment and could also help to reveal signalling pathways participating in UV-damage response
in human skin. We used a proteomic approach to identify proteins that interact with ΔNp63.
Proteins were isolated by immunoprecipitation with ΔNp63 specific antibody and analysed by
mass spectrometry. We identified 23 proteins as potential ΔNp63 binding partners that were
not present in negative control samples. These results will be evaluated using other methods.
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Souhrn

Exprese p63 je nezbytná pro tvorbu epidermis a dalších vrstev epitelu. Je přítomen ve vyso
kých koncentracích v různých kožních nádorech, podílí se na rakovinném bujení a kontroluje
chemosenzitivitu. Identifikace interakčních partnerů p63 je nezbytná pro pochopení celého
systému genové regulace řídící vývoj epitelu. Tyto znalosti mohou také pomoci objasnit sig
nální dráhy podílející se na odpovědi lidské kůže poškozené UV zářením. K identifikaci proteinů
tvořících komplexy s ΔNp63 byly použity proteomické přístupy. Proteiny byly izolovány imuno
precipitací ΔNp63-specifickou protilátkou a následně analyzovány hmotnostní spektrometrií.
Identifikovali jsme 23 proteinů, potenciálních interakčních partnerů ΔNp63, které nebyly nale
zeny v kontrolních vzorcích. Získané výsledky budou ověřeny dalšími metodami.
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Introduction
The transcription factor p63, a member
of the p53 family, is required mainly for
the development of limbs and epider
mal differentiation [1] and is believed
to be a robust biomarker for epithelial
progenitor or stem cells [2,3]. The TP63
gene expresses at least 6 different trans
cripts by utilising two distinct promoters
(TA and ΔN) and alternative splicing wi
thin the 3’ end of the mRNA that gene
rates α, β and γ isoforms [4]. It is suppo
sed that p63 isoforms possess different
transactivating and transcriptional re
pressing properties and regulate a wide
range of target genes, nevertheless their
functions are diverse. TAp63 isoforms
show clear pro-apoptotic activity, while
ΔNp63 isoforms protect from apoptosis
by directly competing for TAp63 (or p53
and p73) target promoters or sequeste
ring these proteins, forming inactive te
tramers. It is emerging that p63 is invol
ved in tumourigenesis and in controlling
chemo-sensitivity. It is highly expressed
in several epithelial cancers, and regu
lates apoptosis and sensitivity to drug
treatments at least in vitro. However,
a large body of evidence indicates that
the main role of p63 lies in the regula
tion of epithelial development and in
the formation of epidermis [5]. The level
of isoforms fluctuates during epidermal
development. The TA- and ΔN-isotype
specific reagents revealed that ΔNp63
expression is confined to the basal layer
of stratified squamous epithelium, whe
reas TAp63 variants predominate in the
suprabasal layers [6]. Identification of
targets is crucial in order to understand
the developmental strategy sustained
by p63. Many studies focused on down-stream genes of p63 at mRNA level, but
the inaccessibility of reliable and high
affinity p63 isoform-specific antibodies
complicates identification of p63 inte
racting partners.
Mass spectrometry (MS) and data ana
lysis techniques have been used to iden
tify co-precipitated proteins from im
munoprecipitated samples [7]. A major
advantage of immunoprecipitated sam
ples is their reduced complexity and
therefore MS analysis is undemanding,
enables faster scan speeds, improved
mass accuracy and allows identification
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of proteins/peptides at low concentra
tions. Two different mass spectrometry
approaches can be applied for this type
of protein identification: (1) peptide fin
gerprinting (PMF) and (2) shotgun pro
teomics where PMF is connected with
electrophoretic protein separation [8].
The obtained gel is Coomassie blue sta
ined and bands unique to the test sam
ples are excised, enzymatically diges
ted and analysed by mass spectrometry.
The effective mass (m/z) of these pep
tides is determined and matched to
a peptide database to identify the cor
responding protein. Advantages of this
approach are compatibility with elution
conditions mainly with composition of
buffers and estimation of the molecu
lar weight of the protein. Disadvanta
ges appear only when unique bands are
cut out and background bands are not
identified or less abundant proteins my
fall below the limits of detection by sta
ining. Alternatively, the second appro
ach, shotgun proteomics, is based on di
rect enzymatic digestion of the eluted
protein complex. The resulting peptides
are chromatographically separated and
analysed by tandem mass spectrometry
(MS/MS) [9] that comprises three steps.
In the first step, the m/z of the peptide is
measured while during second step the
peptide is fragmented. The third step
measures the m/z of the fragment ions.
Protein identification is usually achie
ved by comparing experimental tandem
mass spectra with theoretically gene
rated spectra and selecting the most li
kely sequence match via search engines
such as Mascot [10]. The identification is
then filtered according to quality score
and a false-discovery rate. An advantage
of this approach is the ability to analyse
complex protein mixtures en block but
on the other hand elution conditions of
protein complexes has to be compati
ble with mass spectrometry analysis. For
example, the presence of surfactant so
dium dodecyl sulfate (SDS) which can
solubilise proteins is problematic for
their trypsin digestion [11].
In view of our previous data indica
ting a role for p63 in regulating DNA da
mage response [12], we are interested in
clarifying the role of ΔNp63 in UV-dama
ge-response mechanisms in epithelial

stem cells. The identification of ΔNp63
interacting partners in model cell line
could help to reveal signalling pathways
participating in UV-damage response
in human skin. We obtained unique
ΔNp63-specific antibody which we tes
ted for immunoprecipitation of ΔNp63
and identification of its interacting part
ners in immortal human keratinocytes
(HaCaT cells). Moreover for future stu
dies we would like to find an optimal
and compatible protocol combining
immunoprecipitation approach and
mass spectrometry analysis suitable
for analysis of interacting partners of
ΔNp63.

Materials and Methods

Transient Transfection and Western
Blotting
H1299 cells (that do not express p53,
p63 or p73) were transiently transfec
ted with vectors encoding p53 and va
rious isoforms of p63 and p73 using Li
pofectamine 2000 (Invitrogen, USA).
Cells were harvested into lysis buffer
(150 mM NaCl, 1% NP40, 50 mM Tris-Cl,
pH 8.0, 50 mM NaF, 5 mM EDTA, pH 8.0,
protease inhibitor cocktail) and 20 μg of
protein was loaded on polyacrylamide
gels and transferred onto nitrocellulose
membranes. Membranes were blocked
in 5% milk for 1 h and then incubated
overnight at 4 °C with ∆Np63(44) rab
bit polyclonal antibody specific for the
N-terminus of ∆Np63 diluted 1 : 1,000;
4A4 mouse monoclonal antibody that
recognizes all p63 isoforms (Santa Cruz
Biotechnology, USA) diluted 1 μg/ml; or
anti-actin AC-40 antibody (Sigma-Ald
rich, MO, USA). After washing in PBS with
0.1% Tween, membranes were incuba
ted for 1 h with the appropriate horse
radish peroxidase-conjugated secon
dary antibody (Dako, Denmark) diluted
1 : 1,000 in 5% milk. Detection was per
formed using ECL reagents (Amersham
Pharmacia Biotech, UK).
Cell Lysates
HaCaT cell line was maintained in Dul
becco’s modified Eagle medium (DMEM)
containing 10% foetal bovine serum,
300 µg/ml L-glutamine, 105 IU/ml
penicillin and 100 µg/ml streptomycin.
Cell lysates were prepared by deta
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ching cells with scraper, washing three
times with ice-cold PBS and resus
pended in lysis buffer (50 mM Tris-Cl,
pH 7.4, 250 mM NaCl, 5 mM EDTA,
50 mM NaF, 1 mM Na3VO 4, 1% Noni
det P40) containing protease inhibi
tor cocktail and phosphatase inhi
bitor cocktail 2 (Sigma-Aldrich, MO,
USA). The concentrations of pro
teins were measured by the Brad
ford colorimetric protein assay and
1.15 mg of total protein was used for
immunoprecipitation.
Immunoprecipitation
Magnetic Dynabeads Protein G (Invi
trogen, Dynal AS, Norway) were coa
ted with ΔNp63-specific rabbit poly
clonal antibody ΔNp63(44) and with
normal rabbit sera as negative control
using protocol „Preparing Protein a be
ad-antibody affinity columns – direct
coupling” [13]. The immunoprecipita
tion was performed according to pro
duct manual. Target protein and its bin
ding proteins were eluted with different
procedures: (1) 200 mM glycine, pH 2.8,
at RT/1 h (according to standard Dynal
Dynabeads Protein G protocol, Invitro
gen, Dynal AS, Norway), (2) 6 M urea,
Tris-Cl, pH 7.5, at RT/1 h, (3) 30 mM TCEP
85 °C/5 min (Sigma-Aldrich, MO, USA),
(4) 4% SDS, 125 mM Tris-Cl, pH 6.0, at
85 °C/5 min and (5) sample buffer (20%
SDS, glycerol, 2% bromphenol blue,
1 M Tris-Cl, pH 6.8, 5% mercaptoetha
nol) at 85 °C/5 min; according to stan
dard Dynal Dynabeads Protein G pro
tocol, Invitrogen, Dynal AS, Norway. All
eluted samples (5 µl) were separated by
1-D electrophoresis on 10% SDS-PAGE
gels and stained with NOVEX Colloidal
Blue Staining Kit (Invitrogen, Dynal AS,
Norway) to check efficiency of particular
elution procedures.
Acetone Precipitation
Cold acetone (HPLC grade, Sigma-Al
drich, MO, USA) was added to the pro
tein sample (in ratio 5 : 1, acetone : sam
ple, v/v) and the mixture was vortexed
thoroughly. The mixture was then in
cubated overnight at –20 °C and then
the precipitate was spun down at 4 °C
for 15 min at 12,000× g. The superna
tant was decanted and the pellet was air
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dried for 10 min and immediately used
for digestion.
Filter Assisted Sample Preparation
The filter assisted sample preparation
(FASP) method was based on procedu
res described by Wisniewski et al [14,15].
The protein sample from immunopreci
pitation was diluted by 8 M urea (8UA) in
100 mM Tris-Cl, pH 7.4 and applied on the
10 kDa cut-off filter (Vivacon 500, Sarto
rius Stedim, Germany) together with po
lyethyleneglycol (25 µl of 1% solution in
water). After centrifugation (14,000× g,
30 min, 25 °C) the proteins were washed
three-times with 400 µl of 8 UA and sub
sequently three--times with 50 mM am
monium bicarbonate (ABC). After the
last centrifugation step, 50 µl of ABC con
taining 100 ng of trypsin (Promega, WI,
USA) was added. After on-filter protein
digestion in thermomixer (14 h, 37 °C;
Eppendorf, Germany) the resulting pep
tides were spin down (14,000× g, 30 min,
25 °C) and the filter unit was washed two
times by 50 µl of ABC. Peptide solution
was concentrated under vacuum (Savant
Speed Vac system, Thermo Fisher Scien
tific, MA, USA) and peptides were then
extracted with acetonitrile (ACN) : 5%
formic acid (FA), 1 : 1; v/v, into LC-MS vial
prior to LC-MS/MS analysis.
In Solution Digestion
The acetone-precipitated pellet was re
suspended with 100 mM triethyl am
monium bicarbonate (Sigma-Aldrich,
MO, USA) and 2.5 μg of trypsin (Pro
mega, WI, USA) per 100 μg of protein
was directly added. The sample was di
gested overnight at 37 °C. The digestion
was stopped by addition of mixture of
ACN/5% FA, 1 : 1, v/v. The peptide solu
tion was dried in a vacuum centrifuge
and dissolved in 25 μl 50% ACN and
2.5% FA.
Mass Spectrometric Analysis and
Protein Identification
LC-MS/MS analyses of peptide mix
ture were done using RSLCnano sys
tem connected to Orbitrap Elite hybrid
spectrometer (Thermo Fisher Scientific,
MA, USA). Prior to LC separation, tryp
tic digests were concentrated online
and desalted using trapping column

(100 μm × 30 mm) filled with 3.5-μm
X-Bridge BEH 130 C18 sorbent (Wa
ters, MA, USA). After washing the trap
ping column with 0.1% FA, the peptides
were eluted (flow 300 nl/min) from the
trapping column onto an Acclaim Pep
map100 C18 column (2 µm particles,
75 μm × 250 mm; Thermo Fisher Scien
tific, MA, USA) by the following gra
dient program (mobile phase A: 0.1% FA
in water; mobile phase B: ACN : metha
nol : 2,2,2-trifluoroethanol (6 : 3 : 1; v/v/v)
containing 0.1% FA): the gradient elu
tion started at 2% of mobile phase B and
increased from 2% to 45% during the
first 90 min (11% in the 30th, 25% in the
60th and 45% in 90th min), then increa
sed linearly to 95% of mobile phase B in
the next 5 min and remained at this state
for the next 15 min. Equilibration of the
trapping column and the column was
done prior to sample injection to sample
loop. The analytical column outlet was
directly connected to the Nanospray
Flex Ion Source (Thermo Fisher Scienti
fic, MA, USA).
MS data were acquired in a data-de
pendent strategy selecting up to top
20 precursors based on precursor abun
dance in the survey scan (350–1,700 m/z).
The resolution of the survey scan was
120,000 (400 m/z) with a target value of
1 × 106 ions, one microscan and maxi
mum injection time of 200 ms. Low re
solution CID MS/MS spectra were acqui
red with a target value of 10,000 ions
in rapid CID scan mode with m/z range
adjusted according to actual precursor
mass and charge. MS/MS acquisition in
the linear ion trap was carried out in pa
rallel to the survey scan in the Orbitrap
analyser by using the preview mode. The
maximum injection time for MS/MS was
50 ms. Dynamic exclusion was enabled
for 45 s after one MS/MS spectra acqui
sition and early expiration was disabled.
The isolation window for MS/MS frag
mentation was set to 2 m/z.
The analysis of the mass spectrometric
RAW data files was carried out using the
Proteome Discoverer software (version 1.3)
with in-house Mascot search engine
utilisation. Mascot MS/MS ion sear
ches were done against UniRef100 pro
tein database (taxonomy Homo sapiens;
downloaded from http://www.uniprot.
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Fig. 1A) Evaluation of specificity of ΔNp63(44) polyclonal antibody. Specificity of
ΔNp63(44) antibody was tested by Western blotting on lysates of H1299 cells transiently
transfected by p53 and various isoforms of p63 and p73. ΔNp63(44) antibody was dilu
ted 1 : 1,000.
Fig. 1B) Immunoprecipitation of endogenous p63 from HaCaT cells: We immunopreci
pitated endogenous p63 from HaCaT cell lysate using 4A4 antibody and ΔNp63-specific
rabbit polyclonal antibody ΔNp63(44). 4A4 antibody was used for detection by Western
blotting (diluted 1 : 250).

org/downloads) [16]. Mass tolerance for
peptides and MS/MS fragments were
5 ppm and 0.5 Da, respectively. Oxida
tion of methionine as optional modifica
tion and one enzyme miss cleavage were
set for all searches. Percolator was used
for post-processing of Mascot search re
sults. Peptides with false discovery rate
(FDR; q-value) < 1%, rank 1 and with at
least 6 amino acids were considered.

Results and Discussion

Immunoprecipitation and
Comparison of Elution Conditions
We tested ability of antibody to im
munoprecipitate protein ΔNp63 from
HaCaT cell lysates. Rabbit polyclonal an
tibody, which we used for immunopre
cipitation, was obtained after immu
nisation of rabbit with ΔNp63-specific
N-terminal peptide MLYLENNAQTQFSEC

Fig. 2. Comparison of different elution conditions. The success of ΔNp63 elution from
beads was evaluated by Western blotting. Different elution buffers were used: Line 1.
200 mM glycine, pH 2.8 2. 6 M urea, Tris-Cl, pH 7.5 3. 30 mM TCEP 4. 4% SDS, 125 mM TrisCl, pH 6.0 5. sample buffer, 85°C/5 min. Detection was performed using 4A4 antibody
(diluted 1 : 250).
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and tested for specificity and cross-re
activity (Fig. 1A). Immunoprecipitation
of p63 was performed using mouse mo
noclonal PAN-specific p63 antibody 4A4
and ΔNp63-specific rabbit polyclonal
antibody ΔNp63(44). However only po
lyclonal antibody ΔNp63(44) was able
to immunoprecipitate p63 protein from
HaCaT cell line lysates (Fig. 1B).
To identify binding partners of
ΔNp63 we had to elute complexes from
magnetic beads with elution buffer
compatible with mass spectrometry
measurement. We used four different
buffers with specific elution conditi
ons (as described in Materials and Me
thods) and sample buffer as control.
The elution of proteins from magnetic
beads was verified by Western blotting
(Fig. 2). The best method for elution
of protein complexes from magnetic
beads as well as for mass spectrome
try identification was 4% SDS, 125 mM
Tris-Cl, pH 6.0, at 85 °C/5 min. The 1-D
electrophoresis showed that elution
buffer also released the antibody from
beads (data not shown). The presence
of antibody immunoglobulins could
complicate measurement by mass
spectrometry therefore we decided to
covalently couple the antibody to mag
netic beads (as described in Materials
and methods). Magnetic beads with
bound antibodies were subsequently
used for final experiment (Fig. 3). To di
stinguish non-specific binding proteins
we prepared magnetic beads coated
with normal rabbit sera as negative
control. Negative control samples were
prepared in the same way as described
previously (Fig. 3).
Connection Between
Immunoprecipitation and Mass
Spectrometry
Elution of protein complexes is an im
portant step in the shotgun proteo
mic approach and the composition of
the elution buffer has to be appropriate
for both immunoprecipitation and en
zymatic digestion followed by mass
spectrometric analysis. In our study we
eluted ΔNp63 protein partners from
magnetic beads using 4% SDS, 125 mM
Tris-Cl, pH 6.0 buffer. Unfortunately, the
concentration of SDS in this elution
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121

207

16

identified proteins unique
for FASP method
identified proteins common
for FASP and acetone precipitation
identified proteins unique
for acetone precipitation

Fig. 3. Graphical overview of immunoprecipitation and elution conditions. The diagram
highlights the key steps of the immunoprecipitation and elution process.

buffer was not compatible with tryp
sin digestion, therefore two different
approaches for SDS elimination were
applied: (1) Acetone precipitation and
(2) FASP. The work-flow of whole pro
cedure from detergent elimination to
protein identification is shown in Fig. 4.
Acetone precipitation is easy for ope
ration, time-saving, low cost and suit
able for treating protein samples of
various volumes, particularly large vo
lumes. On the other hand, recovery of
proteins was not satisfactory and resi
dual SDS was still present during mass
spectrometry analysis. FASP analysis
proved to be suitable for protein sam
ples solubilised in buffers containing
strong detergents. In the first step, SDS
was exchanged by urea on a standard
filtration device. Then proteins were di
rectly digested on the filter and the re
sulting desalted peptides were eluted.
Although this method was more labo
rious, the number of identified proteins
was higher in comparison to acetone
precipitation.
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Fig. 5. Overview of numbers of identified
proteins using different sample preparation procedures. Proteins uniquely identi
fied in control and p63 samples processed
by FASP method (dark blue, 121 proteins);
proteins uniquely identified in control and
p63 samples processed by acetone precipi
tation (light blue, 16 proteins), and proteins
common for all analysed samples (medium
blue, 207 proteins). All proteins were confi
dently identified by at least two peptides.

141

190

23

identified proteins unique
for control sample
identified proteins common
for control and p63 samples
identified proteins unique
for p63 sample
Fig. 4. Graphical overview of sample preparation for mass spectrometry analysis
and protein identification. The diagram
highlights key steps of sample detergents
elimination (acetone precipitation and fil
ter aided sample preparation), trypsin di
gestion, mass spectrometry analysis, and
protein identification.

Fig. 6. Overview of numbers of identified
proteins in control and p63 samples prepared with FASP method. Proteins uni
quely identified in control sample (dark blue,
141 proteins); proteins uniquely identified in
p63 sample (light blue, 23 proteins), and pro
teins common for all analysed samples (me
dium blue, 190 proteins). All proteins were
confidently identified by at least two peptides.
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Mass Spectrometry and Protein
Identification
The protein digests of immunoprecipita
tes processed by two alternative sample
preparation procedures were analysed
by LC-MS/MS. To assess the efficiency of
both procedures we compared the total
number of identified proteins in con
trol- and p63-immunoprecipitated sam
ples. While 328 proteins were identified
in p63 samples processed by FASP, only
223 proteins were found by acetone pre
cipitation. In total, 207 identified pro
teins were identical in both FASP and
acetone precipitated samples (Fig. 5).
These results indicate that FASP is
more favourable and robust for proces
sing of immunoprecipitates. We perfor
med another LC-MS/MS analysis using
samples processed by FASP and finally
identified 23 proteins which are poten
tial ΔNp63 interacting partners (Fig. 6).
These preliminary results should be veri
fied preferably by another independent
technique.

Conclusion
We compared identified proteins from
our assay with results of Amoresano
et al [17]. They analysed ΔNp63α inter
acting proteins by co-immunopreci
pitation in mammalian cells and mass
spectrometry. They used H1299 cell
line transfected with vector containing
myc-ΔNp63α. Cell extracts were incu
bated with anti-Myc 9E10 antibody and
anti-IgG agarose beads, washed and elu
ted with Myc competitor peptide. Un

Klin Onkol 2012; 25(Suppl 2): 2S64– 2S69

transfected H1299 cells were used as
negative control. They identified 49 po
tential ΔNp63α binding proteins.
A total of 33 proteins identified by
Amoresano et al [17] were also found
in our experiments, but with the excep
tion of one protein (RNA-binding pro
tein FUS) we also identified all of them
in the negative control experiment (the
comparison was made with proteins
identified by at least one peptide in our
MS/MS analysis). We suppose that these
proteins are non-specifically bound to
antibody immunoglobulins or agarose
beads and the experimental design of
Amoresano et al were insufficiently rigo
rous to uncover these contaminants, lea
ding to false-positive results.
The large number of proteins that we
identified in both p63 and negative con
trol samples revealed that elimination of
non-specific binding proteins, especially
for DNA-binding proteins as ΔNp63α,
is a crucial step for successful identifi
cation of binding partners. The subse
quent careful optimisation of cell lysate
preparation and washing steps after im
munoprecipitation as well as verification
by other methods are necessary.
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