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Abstract: Nuclear pore complexes (NPCs) are large macromolecular structures embedded into the 

doubled-membrane nuclear envelope that form a channel, mediating the bidirectional nucleocytoplasmic 
transport. NPCs are built from multiple copies of around 30 different nuclear pore proteins called 
nucleoporins (NUPs). Over the years, nucleoporins have been linked to a multitude of cancers through 
chromosomal translocations generating fusion proteins, single point mutations, and changes in protein 
expression levels. In particular, the nucleoporin NUP107 gene has been recently shown to be amplified 
and overexpressed in well- and dedifferentiated liposarcoma (WD/DDLPS) that carry neochromosomes. 
This project is in the continuity of a study initiated by Marie-Claude Geoffroy in the team of Dr. V. Doye, 
at Institut Jacques Monod, that aimed at understanding how Nup107 overexpression could provide a 
growth advantage on cell proliferation in WD/DDLPS. In the context of this project, 3 WDLPS cell lines, 
449, GOT3 and T1000 were characterized, and the SW872 liposarcoma cell line, devoid of 
neochromosome, was used as control. While the amplification of NUP107 at the DNA and mRNA levels 
was well-established in the WDLPS cell, this project aimed at quantifying by western blot the level and 
stability of the Nup107 protein in these cell lines. Two other nucleoporins that belong to the same 
structural NPC subcomplex (Nup133 and Nup85, that belong to the Y-complex) and Nup98, a dynamic 
nucleoporin interacting with the Y-complex were also analyzed. We anticipated that this study could 
provide clues regarding nucleoporin homeostasis in cancer cells. 
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Introduction 

The overall NPC structure, which integrates 
approximately ~500-1000 NUPs, is 
conserved[3]. In the plane of the nuclear 
envelope (NE), it has an eightfold rotational 
symmetry[3, 7, 9, 21] and thus each nucleoporin is 
present in copies of eight or multiples of eight. It 
has several distinct substructures, which were 
initially characterized by electron microscopy 
and are now identified as biochemical entities. 
The principal structural elements of the NPC 
include: the inner pore ring, which resides at the 
fused inner and outer nuclear membranes; the 
nuclear and cytoplasmic rings, which are 
anchored by the inner pore ring; the nuclear 
basket; and the cytoplasmic filaments, which 
are peripheral elements emanating from the 
nuclear and cytoplasmic rings[3] . These three 
ring moieties, composing the central core or 
channel[1, 7] display a lattice-like arrangement 
and their connections between one another are 
less well delineated and appear as rather 
loose[21]. 

The structural elements of the NPC are formed 
by the assembly of nucleoporins, organized into 
complexes[3, 13, 21], which are primarily defined 
by the stability of protein interactions[21]. They 
are present in multiple copies each, most of 
which are also conserved across eukaryotes[3, 

13] (figure 1). Although the name of most 
nucleoporins is followed by a number that, in 
most cases, refers to their molecular mass, a 
uniform NUP nomenclature still does not exist 
since the molecular mass of each one varies 

between species[17]. Hereinafter the human 
NUP nomenclature will be used. 

 

Figure 1: Diagram of the modular structure of the 
NPC composed of different biochemically 
characterized. Figure based of Nofrini et al.[17], 
Hezwani and Fahrenkrog[12], and Beck and Hurt[3].. 

Nucleoporins can be subdivided into different groups 
depending on their localization and structure: Y-
complexes (green), Nup93 complex (blue), 
transmembrane nucleoporins (light blue), Nup62 
complex (dark blue), cytoplasmic complexes (red), 
nuclear basket complexes (orange). Nup98 is 
present in cytoplasmic filaments with the Nup214 
complex, but it is also symmetric with the Y-complex. 
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The best-studied module is the conserved Y-

complex, also called the Nup107 complex[3] or 
the Nup107-160 complex[1]. In size and 
complexity, it is the largest NPC subunit[17], 
being one of the principal scaffold elements of 
the NPC that shares intriguing similarities with 
vesicle coats. The Y-complex is now considered 
to be the main component of the nuclear and 
cytoplasmic rings[21]. It has seven conserved 
members, Nup96, Nup160, Nup133, Nup85, 
Nup107, Sec13 homologue 1 (Seh1) and 
Sec13, which assemble into an Yshaped 
arrangement. In vertebrates, Nup43, Nup37 
and Elys further bind to it. It is isostoichiometric, 
except for Elys, which binds to only the nuclear 
face of the NPC. 

At least in human cells, 32 copies of the Y-

complex are assembled into a single NPC. the 
basic structural element is a dimer of two 
rotationally shifted Y-complexes referred to as 
the outer and inner Y-complex, according to 
their distances from the center. Eight such Y-
complex doublets then form a concentric ring 
arrangement (separately, both at the 
cytoplasmic and nuclear side of the NPC), 
adding up to a total of 32 copies of the Y-
complex. Consequently, there are four types of 
Y-complex in situ — from nucleoplasm to 
cytoplasm: the outer nuclear, inner nuclear, 
inner cytoplasmic and outer cytoplasmic Y-
complexes. 

The pairs of the inner and outer Y-complexes 
conformationally adapt to form two concentric 
rings of slightly different diameters because 
nucleoporin Nup133 adopts a more kinked 
conformation within the inner than the outer Y-
complex, facilitating the formation of a ring with 
a slightly smaller circumference. 

Five distinct contact points between individual 

Y-complexes were identified. Contact points 
between the inner and outer Y-complexes must 
be established through different interfaces in 
both instances; for example, Nup107 of the 
outer Y-complex is in contact with Sec13 of the 
inner Y-complex, further under scoring a local 
adaptation of this complex[3]. Additionally, 
Nup107 is the critical anchor for Nup133 to 
the NPC, positioning Nup133 at the periphery of 
the NPC[6]. 

Nup98 is known to interact with the Nup107–
160 complex, through direct binding to Nup96, 
and with the Nup214 complex. It anchors to the 
NPC center through its C-terminal domain and 
its N-terminal glycine-leucine-phenylalanine-
glycine (GLFG) repeats protrude throughout the 
NPC being found on both sides of the NPC[17]. 

NPCs mediate the bidirectional 
nucleocytoplasmic transport[8] of small 

metabolites and macromolecules, such as 
RNAs, proteins and ribonucleoproteins, 
between the nucleus and the cytoplasm[12]. 
However, nucleoporins are also involved in 
other functions within the cell such as mitosis[12], 
spatial organization of other complexes that are 
closely associated with the nuclear periphery, 
the regulation of transcription[3], gene 
expression, differentiation, epigenetic 
regulation, chromatin organization[17] and DNA 
damage repair[23]. All of these are highly 
regulated processes and dysfunction has been 
linked to the development of human 
pathologies, such as cardiac disorders, 
hematopoietic malignancies and numerous 
types of cancers[17]. 

For instance, during interphase, Nup133 and 

Nup358 have direct roles in tethering the 
centrosomes to the NE via the interaction of the 
dynein/dynactin complex and Bicaudal D 
(BICD) respectively. These interactions 
contribute to the role of microtubules in NE 
breakdown and positioning of centrosomes to 
opposite side of the nucleus. If the interactions 
are disturbed, the centrosomes do not fully 
separate before NE breakdown and 
subsequently increasing the likelihood of mis-
segregated chromosomes[12]. Additionally, 
Nup107 and Nup133 are stably associated at 
interphase, remaining associated with each 
other during mitosis. The entire Nup107 
complex is bound tightly to the NPC and is 
exchanged only once per cell cycle[4]. 

Moreover, when mitosis is initiated, the NE and 
NPCs are disassembled[12] to further establish 
the mitotic spindle apparatus[28] and their 
constituents are either detected alone or in 
distinct NPC subcomplexes. Some of these 
nucleoporins were shown to associate with the 
kinetochore and mitotic spindles and to 
contribute to kinetochore function, spindle 
formation and spindle assembly checkpoint[12]. 

For instance, a fraction of the entire Nup107-

160 complex also associates with the 
kinetochores as one entity, from prophase, 
even before nuclear envelope breakdown, to 
late anaphase, when NPCs are already 
reforming on chromatin surface[4, 14, 28]. The 
anchoring mainly depends on the Ndc80 
complex, whereas CENP-F may provide a more 
dynamic and MT-dependent binding site[28]. The 
efficient depletion of the entire complex from 
kinetochore led to a significant delay in mitosis, 
an increased spindle length in metaphase and 
impaired kinetochore localization of several 
proteins, notably the Ran-GTP effector of Crm1, 
as well its binding partner, the RanGAP1-
RanBP2 complex[28], the Chromosome 
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Passenger Complex CPC[20] and the gamma-
tubulin ring complex (gamma-TuRC)[15]. 

After chromosomal separation at the end of 

anaphase and the start of telophase, 
nucleoporins, lamins and essential membrane 
proteins are organized to form a new nucleus to 
re-establish nuclear and cytoplasmic 
environments. The sequential recruitment is 
initiated by the interaction of chromatin and Elys 
mediated enrolment of the Nup107-160 
complex[12]. Indeed, the partial depletion of 
Nup107 or Nup133 both in vivo and in vitro has 
indicated that the NPC assembly is impaired by 
the depletion of one of these nucleoporins[5, 27]. 
The partial depletion of Nup107 or Nup133 
resulted in a considerable in NE-associated 
immunofluorescence signal for the targeted 
nucleoporins and in a decrease NPC density 
within the NE[27]. 

In addition to cell cycle roles, there is an 
increasing body of evidence that implicates 
nucleoporins in gene expression and regulation 
via chromatin organization[12]. For instance, it 
has also been observed that the depletion of the 
Nup107 leads to programmed cell death in 
mammalian brain cells[2]. Furthermore, Nup107-
160 complex together with its partner Elys, has 
been found to colocalize with Nup98 in GLFG 
bodies, where the increased level of Nup98 is 
associated with the presence of bodies[16]. 

Over the years, nucleoporins have been linked 

to a multitude of cancers through chromosomal 
translocations generating fusion proteins, 
changes in protein expression levels, and single 
point mutations[23]. 

For instance, increased expression of the 
NUP107 was found in adenocarcinoma cell 
lines[11], in pancreatic cancer cell lines with a low 
potential and with a high potential of invasion-
metastasis[25]. 

NUP107 has also been recently shown to be 

amplified and overexpressed in well- and 
dedifferentiated liposarcoma (WD/DDLPS). 
These liposarcoma are a subclass of soft and 
tissue and bone sarcoma characterized by the 
presence of giant neochromosomes with 
complex genomic rearrangements arising from 
chromothripsis. Whole-DNA sequencing of 
giant neochromosomes from primary tumoral 
cells and 4 WD/DDPLS cell lines (449/779, 
T1000, GOT3) revealed that all 
neochromosomes share 1.4 Mb of donor 
sequence from chromosome 12[10]. 449 and 778 
cells are two parental retroperitoneal cell lines 
obtained from the same patient before 
treatment (449) or after relapse (778)[24], GOT3 
cell line from a recurrence close to the kidney[19] 

and the T1000 cell line from a mixed 
WD/DDLPS from the tight[18]. 

Among the shared regions, DNA copy number 

profile and transcriptome analysis revealed that 
49 coding units, most frequently located at 
12q14-1-15, are recurrently amplified and 
overexpressed in both primary and WD/DDLPS 
cell lines. The NUP107 was found to be on the 
top ranked four genes of a list of 16 candidates 
driver genes, including other oncogenes like 
mdm2, CDK4 already reported to play an 
important role in dedifferentiation. In this study, 
the authors were suggesting that NUP107 could 
act a potential oncogene as viability and cell 
growth of 4 WD/DDLPS were considerably 
reduced after depletion of Nup107 by siRNA. 

The effect on cell growth was measured by MTS 

assay after 3 to 5 days and the percentage 
viability was calculated as average absorbance 
relative to non-silencing siRNAs (siNS). The 
WD/DDLPS cells were more sensitive to 
Nup107 knockdown, suffering 33.7% to 71.8% 
decrease in cell viability, than cells lacking 
NUP107 amplification like the liposarcoma 
fibroblast SW872, which suffered only a 16.7% 
decreased in cell viability. Furthermore, Nup107 
depletion induced cell cycle arrest in 449 cells, 
whereas SW872 cells were relatively 
unaffected[10]. 

Interestingly, the western blot of Nup107 results 
presented by the authors seem to suggest that, 
at protein level, Nup107 is only overexpressed 
in GOT3, whereas in 449 is under expressed. 

Context of the Project 

This project is in the continuity of a study 

initiated by Marie-Claude Geoffroy, in the team 
of Dr. V. Doye, at Institut Jacques Monod, that 
aimed to understand how Nup107 
overexpression could provide a growth 
advantage on cell proliferation in WD/DDLPS. 
Before my arrival, M-C Geoffroy had performed 
quantitative analysis of Nup107 at DNA, RNA 
and protein levels in 449/778, GOT3 and T1000 
cell lines, using as control SW872 and HeLa-K 
cells, both devoid of any neochromosome. In 
addition, she had treated the cells with MG132, 
that is a proteasome inhibitor[26]. 

This project aimed to quantify the level and the 
stability of the Nup107 protein in the WDLPS 
cell lines. Furthermore, this project aims to 
quantify by western blot the level and stability of 
the two other nucleoporins that belong to the 
same structural NPC subcomplex, (Nup133 and 
Nup85, that belong to the Y-complex) and 
Nup98, a dynamic nucleoporin interacting with 
the Y-complex. We anticipated that this study 



4 
 

could provide clues regarding nucleoporin 
homeostasis in cancer cells. 

Materials and Methods 

Cell lines. HeLa-E is a subclone of HeLa cells 
initially received from F. Perez (Institut Curie, 
Paris, France); SW872 was received from the 
American Type Culture Collection (Manassas, 
Virginia, USA); GOT3 from the Laboratory for 
Cancer Research, Department of Pathology, 
The Sahlgrenska Academy at Göteborg 
University (Göteborg, Sweden); 449 and T1000 
from the Institute for Research on Cancer and 
Aging, University of Nice-Sophia-Antipolis 
(Nice, France). 

Cell Growth. The WD/DDLPS cell lines were 

cultured in RPMI 1640 Medium, GlutaMAX™ 
Supplement (Gibco), supplemented with 15% 
fetal bovine serum (Gibco), 1% L-glutamine 
(200 mM Gibco), and 1% Penicillin-
Streptomycin (10000 U/mL Gibco) at 37.0 °C 
and at 5.0% CO2. The amount of medium 
depended on which Tissue Culture Flask they 
were growing in. 5 mL for a T25, 10 mL for a 
T75 and 15 mL for T150. 

The HeLa-E cell line was cultured in Dulbecco’s 

modified Eagle medium (Gibco), supplemented 
with 10% fetal bovine serum 1% L-glutamine, 
and 1% Penicillin-Streptomycin at 37.0 °C and 
at 5.0% CO2. Again, the amount of medium 
depended on which Tissue Culture Flask they 
were growing in. 

Treatment with MG132. The proteasome of the 
WD/DDLPS cell lines present in each well was 
inhibited, or not, with 1 mL of MG132 25 µM, for 
6 hours, making it a total of 8 different samples: 
the 4 different WD/DDLPS cell lines in the two 
different conditions each. This was done three 
separate times in, so in the end there was three 
set of batches of the 8 different samples. 

Protein Extraction. After treatment, the 
proteins of each WD/DDLPS cell line in each 
condition plus the proteins of HeLa-E (which 
received no treatment) were extracted. For this, 
the cells in each well were first lysed in 100 µL 
2X Laemmli lysis buffer (150 mM Tris-HCl (pH 
6.8), 5% (w/v) SDS, 25% (v/v) glycerol and 
0.01% (w/v) bromophenol blue). The lysates 
were boiled at 95 °C for 5 min (Termomixar 
Comfort, Eppendorf), centrifuged (Dominique 
Dutscher) and then clarified by sonication (3 
cycles of 30 seconds on/off at high power using 
BioruptorTM UCD-200, Diagenode). The clarified 
lysates were centrifuged and again boiled and 
centrifuged. 

Protein Quantification. The concentration of 
the extracted proteins was quantified using the 
PierceTM BCA Protein Assay Kit from Thermo 

Scientific. A series of dilutions of known 
concentration from a solution of 10 mg/mL 
purified bovine serum albumin (purified BSA, 
New England, BioLabs®

Inc) had been previously 
prepared. 

The BCA buffer was prepared, by mixing 
Reagent A and Reagent B of the PierceTM BCA 
Protein Assay Kit (Thermo Scientific) in a 50:1 
ratio. 98 μL of the BCA buffer plus 2 μL of each 
sample or plus 2 μL of each standard BSA 
solution were added into each well of a Tissue 
Culture Testplate 96F (TPP, Switzerland). Each 
point was done in duplicate and the plate was 
placed at 37 °C (Memmert, Germany) during 30 
min. 

The optical density of the solutions present in 
each well was measured at 562 nm with the 
MRX-II Microplate Reader from Thermo 
Labsystems. The concentration of the BSA 
standard solutions was plotted against the 
correspondent optical density. A linear trendline 
was adjusted to the plot and the concentration 
of the samples were calculated based on the 
linear equation that described the trendline, 
given the measured correspondent optical 
density. 

Western Blot Analysis. For the western blot 

analysis, two distinct kinds of gels were used: 
NuPAGETM 4-12% Bis-Tris Gel, 12 or 15 wells 
(Invitrogen, Life Technologies) and Mini-
PROTEAN® 4-20% TGX (Tris-Glycine 
Extended) Stain-FreeTM Gel, 15 wells (BioRad). 

The proteins were separated on the gel by 

electrophoresis in a MOPS SDS Running Buffer 
1X, that had been previously prepared by 
diluting 20 times NuPAGE® MOPS SDS 
Running Buffer 20X (Novex®, Life 
Technologies), if the gel was the NuPAGETM 
Bis-Tris gel, or in a tris/glycine running buffer 
(384 mM Glycine, 50 mM of Tris, 0.1% (w/v) 
SDS), if it was the TGX Stain-FreeTM gel, at a 
constant voltage of 200 V or at 160 V, during 
one hour, respectively, which was provided by 
using PowerPac HC power supply (BioRad). 

After the electrophoresis, the separated 

proteins became fluorescent directly and only in 
the stain-free gel by their activation with UV 
radiation for 45 seconds, using the ChemiDocTM 
MP Imaging System (BioRad). According to the 
information on the manufacturer’s website, 
these gels include unique trihalo compounds 
that allow rapid fluorescent detection of proteins 
with stain free-enabled imaging systems. The 
trihalo compounds in the gels react with 
tryptophan residues in a UV-induced reaction to 
produce fluorescence, which can be easily 
detected by stain free-enabled imagers within 
gels. Activation of the trihalo compounds in the 
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gels adds 58 Da moieties to available 
tryptophan residues and is required for protein 
visualization. Proteins that do not contain 
tryptophan residues cannot be detected using 
this system. 

The fluorescent signal was then visualized 
using the same system. In both cases, the gel 
was transferred to a nitrocellulose membrane 
(AmershamTM ProtranTM 0.2 μm NC, GE 
Healthcare, Life Sciences) within a sandwich of 
two on top and two on bottom of WhatmanTM 
papers (GE Healthcare, Life Sciences), 
previously soaked in the transfer buffer (25 mM 
Tris, 250 mM Glycine) in the Transfer-Blot SD 
Semi-Dry Transfer Cell (Biorad). The transfer 
was set at a constant voltage of 15 V during one 
hour by using the PowerPac HC (BioRad). 

After the transfer, the fluorescent signal of the 
stain-free gel was again visualized in the 
Imaging System, while, in both cases, the 
nitrocellulose membrane was immersed in 
Ponceau Red (50% (w/v) Ponceau Red S 
powder, 0.3% (v/v) trichloroacetate) for 5 
minutes, whose excess was then washed with 
7% acetic acid. After the staining results were 
digitally saved, they were washed with TBS-T 
(0.1% Tween 20, 10 mM Tris pH 7.4, 150 mM 
NaCl, 0.02% NaN3). The fluorescent proteins 
were again visualized but this time on the 
membrane, using again the same imaging 
system. 

In both cases, the membrane was saturated by 
incubation with filtered 5% dry milk powder in 
TBS-T at room temperature with agitation for 30 
min to prevent non-specific binding of the 
antibodies. The milk had been filtered using a 
55 mm filter paper from Whatman®. Afterwards, 
the nitrocellulose membrane was incubated 
overnight with the desired primary antibody, 
with its desired dilution in 5% dry milk powder in 
TBS-T, at 4 °C, with agitation. 

The next day the membrane was washed five 
times 5 minutes each with TBS-T and then 
incubated during one hour with the desired 
secondary antibody, with its desired dilution, 
again in 5% dry milk powder in TBS-T, at room 
temperature, with agitation. 

After incubation, the membrane was again 
washed five times 5 minutes each with TBS-T. 
The peroxidase from the secondary antibody 
was revealed using an enhanced 
chemiluminescence (ECL) substrate: 
SuperSignalTM West Pico PLUS 
Chemiluminescent Substrate or SuperSignalTM 
West Femto Maximum Sentitivity Substrate, 
both from Thermo Scientific. For this, the 
membrane was covered with either substrate 
for 5 minutes and the chemiluminescence 

signal was detected using the Imaging System 
from BioRad or the Image Reader LAS-4000 
(FujiFilm). 

Antibodies. For western blot analysis, the 
following primary antibodies were used: affinity 
-purified rabbit antibodies made in house 
against Nup107-Nterminal (serum #243.96 
dilution 1/2000), Nup133 (serum #759.110 
dilution 1/1000), or Nup85 (fraction 28, dilution 
1/3000); anti-98 rat monoclonal 2H10 (ab50610 
Abcam, dilution 1/2000); anti-gamma tubulin 
mouse monoclonal GTU-88 (ab11316 Abcam, 
dilution 1/10000). Secondary antibodies were 
purchased from Jackson ImmunoResearch 
Laboratories. 

Western Blot Quantification. The gels and the 
membranes were quantified with the ImageJ 
software. 

For the Stain-Free gel, rectangular forms in the 

image of gel obtained were delineated. 13 
rectangles corresponded to the same section of 
each lane and 2 rectangles for what it was 
perceived to be the background. The average 
intensity of each delineated area was 
measured, and the intensity corresponded to 
the section of each lane was subtracted to the 
intensity of the background. 

For the western blot, the bands of each lane and 
what was perceived to be the background were 
delineated with rectangular forms. Again, the 
average intensity of each delineated area was 
measured, and the intensity that corresponded 
to each band was subtracted to the intensity of 
the background. The amount of loaded protein 
in the range was plotted against the 
correspondent intensity values. The best 
trendline was adjusted to the plot and the 
amount of protein that was detected on the 
western blot was calculated based on the 
equation that described the trendline, for each 
band. The values were first normalized either by 
dividing to the values provided by either the 
western blot of γ-tubulin or the proteins on the 
stain-free gel. The first normalized values were 
also normalized to the control cell line SW in the 
control condition. The average of each sample 
was calculated based on the three values that 
corresponded to the biological replicates of the 
three sets together with the standard deviation. 
The final values were presented in a bar chart. 

Results 

Technical Improvements. As it occurred with 
the results from Geoffroy and coworkers, the 
main site of the Nup107 on the blot is between 
the 80 and the 115 markers and it is distinctively 
present in all the cell lines and in each condition. 
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This blot was reprobed with anti-gamma tubulin. 

There was a great amount of overlapping 
between the γ-tubulin and the Nup107 signals, 
making it very difficult to distinctively analyze 
and quantify the γ-tubulin results. For this 
reason, the HRP activity linked to the secondary 
antibody for anti-Nup107 was irreversibly 
inhibited, following the protocol of Sennepin and 
coworkers[22]. 

For this, the membrane was covered with of 
H2O2 (30% (w/v), Sigma, Life Science) and 
incubated for 30 min at 37 °C (Memmert, 
Germany). Afterwards, the membrane was re-
blocked with the filtered 5% dry milk powder in 
TBS-T, at room temperature, with agitation for 
30 min. Then, the membrane was re-incubated 
with the primary antibody anti-gamma tubulin 
and the procedure for its revelation was 
repeated. As expected, the signal from the 
previous Nup107 disappeared, however there 
was no signal from the lanes with lower amount 
of proteins, perhaps because there was a loss 
of the amount of blotted proteins, due to the 
incubation of the membrane with H2O2

[22]. The 
amount of blotted proteins on the lanes with 
lower amount of it were then possibly below the 
detection levels. This made it impossible to 
determine the actual amount of γ-tubulin in the 
other lanes. 

Having no ways of normalizing the amount of 
the detected blotted nucleoporins, the protein 
extracts were migrated instead in another gel 
type: Mini-PROTEAN® TGX Stain-FreeTM Gel, 
which allows western blot normalization, by 
quantifying the fluorescence signal detected by 
the imaging system, eliminating the necessity of 
having a loading control, such as γ-tubulin. 

But first, it was necessary to test if the 
antibodies that were going to be used worked 
on this new gel. Figure 2 shows the results of 
the testing. For this, the protein extracts of the 
HeLa-E cell lines were supplemented with β-
mercapoethanol (750 mM final), and then 
migrated in a NuPAGETM 4-12% Bis-Tris Gel or 
in 4-20% gradient TGX Stain-FreeTM Precast 
Gel at a constant voltage of 200 V for one hour 
or 30 minutes, respectively. The procedure for 
western blot analysis was repeated. On both 
gels, the first and the last three lanes that 
contained the protein extracts presented a 
range on the amount of protein loaded in a 1: 
0.5: 0.25 ratio, whereas the rest contained the 
same amount of it. 

Before the protein UV activation on the Stain-

Free Gel, the last part of the gel containing the 
protein range was cut out of the rest of the gel 
and the correspondent proteins were not 
activated. 

After membranes were saturated, they were cut 

in into five parts each, where two of them 
corresponded to the protein range and the rest 
three to the one lane containing the same 
amount of it each. The three parts of both 
membranes were each incubated with the 
primary antibodies anti-Nup133, anti-Nup98 
and anti-gamma tubulin, whereas the rest with 
the anti-Nup107. 

 

Figure 2: Antibody testing on the NuPAGE Bis-
Tris Gel (Invitrogen) versus TGX Stain-Free Gel 
(BioRad). ChemiDoc Imaging System versus Image 
Reader LAS-4000; proteins UV activated versus not 
activated in the Stain-Free Gel. The testing condition 
is indicated next to the corresponded results. The 
numbers displayed on the left of the picture 
correspond to the weight of the markers of the 
Prestained Protein Ladder. 

The next day, the protocol mentioned for the 

western blot analysis continued to be followed, 
where each membrane was incubated with the 
respective and proper secondary antibody: the 
membranes incubated with anti-Nup98 with the 
HRP goat anti-rat, the membrane incubated 
with anti-gamma tubulin with the HRP goat anti-
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mouse and the rest with the HRP donkey anti-
rabbit. 

The procedure for the western blot analysis 

continued to be followed and the HRP was 
revealed using SuperSignal West Pico, except 
the HRP from the goat anti-mouse, which was 
revealed using SuperSignalTM West Femto. The 
chemiluminescence signal was detected using 
the Imaging System from BioRad, except for 
one membrane. This one corresponded to one 
of the protein ranges that were migrated on the 
NuPAGE Gel, whose chemiluminescence 
signal was detected on the Image Reader LAS-
4000. 

All the membranes were re-incubated with anti-

gamma-tubulin and the procedure for its 
revelation was repeated, although this time all 
chemiluminescence signal was detected on the 
ChemiDocTM MP Imaging System. 

All the tested antibodies worked in the new gel. 
If the amount of protein loaded in each gel was 
the intended, the results suggest that the signal 
is stronger when using the Stain-Free Gel and 
when using the new detection machine, the 
Imaging System from BioRad. Additionally, the 
results suggest that there is no significant 
different between the signal intensity if the 
proteins of the Stain-Free gel were activated or 
not by the UV-induced reaction. As expected, 
the main site in the western blot for Nup98 is 
below the 115 marker[16]. 

Figure 3 shows the visualization of the proteins 
of one set of samples on one Stain-Free Gel 
after the UV-induced reaction and on the 
nitrocellulose membrane after the transfer, 
showing that the transfer was effective. 

 

Figure 3: Visualization of the proteins of one set 
of samples on the Stain-Free gel and the 
nitrocellulose membrane. The condition and the 
cell lines in which the proteins of each lane 
correspond to is indicated in the figure, where + 
corresponds to the samples treated with MG132 for 
6 hours and - to the control. The numbers correspond 
to the ratio of the amount of protein compared to the 
same sample in middle. Voltage and duration of the 
electrophoresis: 200 V for 30 min. 

Analysis of the Nucleoporin’s Expression 

and Stability in the WDLPS cell Lines. Since 
some of the antibodies also recognize some 
nonspecific bands (as for instance in the case 
of Nup133 for which an additional band at 100 
kDa is detectable, see figure 4), the incubations 
of the various anti-nucleoporin antibodies were 
performed on independent membranes. For this 
reason, four different equivalent stain-free gels 
were run. The outcome of a typical experiment 
is presented in figure 4. 

 

Figure 4: Expression of the proteins, Nup107, γ-
tubulin, Nup133, Nup85 and Nup98 in WDLPS cell 
lines. Times of exposure: stain-free gel: 21 seconds; 
Nup107 western blot: 26 seconds; γ-tubulin after 
H2O2 treatment western blot: 21 seconds; Nup133 
western blot: 21 seconds; Nup85 western blot: 36 
seconds; Nup98 western blot: 92 seconds; γ-tubulin 
on Nup85 western blot:  The proteins correspond of 
the same set of samples. The condition and the cell 
lines in which the proteins of each lane correspond to 
is indicated in the figure, where + corresponds to the 
samples treated with MG132 for 6 hours and - to the 
control. The numbers correspond to the ratio of the 
amount of protein compared to the same sample in 
middle. Voltage and duration of the electrophoresis: 
160 V for 1 hour. 
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In all these gels, a range of three samples was 

always loaded. These samples were critical to 
allow the quantification and ensure that the 
analyzed samples were in the range. In 
addition, this allowed to ensure that there was 
no saturation of the signal, due to overloading 
of the membrane, neither any issue with protein 
detection sensitivity.  

As mentioned above, it is necessary to check if 

the results are reproducible. For this reason, 
two different sets of protein samples were 
independently prepared form these 4 cell lines 
and two additional sets of gels and membranes 
were run and hybridized as above.  

These gels were then all quantified as detailed 

in the method section, using either γ-tubulin or 
the total proteins visualized on the stain-free 
gel. 

Some doubts regarding the quantification 

method were however raised, indicating that 
some the quantifications of these experiments 
might not be reliable and that they should be 
reproduced. 

Moreover, although the stain-free gel allowed a 
rapid protein loading quantification, there was 
the issue that the lanes in the middle were wider 
than the rest, while some were thinner. This 
should be considered in further experiments. 

Conclusions 

As above observed, despite the high 
amplification of Nup107 at the DNA (>10 fold) 
and RNA level (> 5-10 fold), as published by 
Garsed and colleagues[10], and confirmed by 
MC Geofffroy in the team, this western blot 
analysis revealed that there is no major 
increase of Nup107 at the protein level, with 
only a modest increase in the GOT3 cell line. 
While some smear likely reflecting protein 
ubiquitination could be detected, notably in the 
GOT3 cell upon MG132 treatment, it does not 
seem to be enough to explain the discrepancy 
between the DNA amplification and Nup107 
protein level. This indicates that additional 
mechanisms likely account for the nucleoporin 
homeostasis in these liposarcoma cell lines. 

Regarding the other nucleoporins, no firm 
conclusion could yet be raised. This might be 
because changes below 2-fold are difficult to 
quantify in a reliable manner by western blot.  
However, the first gel suggested that Nup98 is 
more unstable in all cell lines as compared to 
the components of the Y-complex. Although this 
was not always observed in the subsequent 
experiments, this should be more carefully 
analyzed.  
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