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Abstract
Receptor tyrosine kinases (RTKs) are the second largest family of membrane receptors and play a
key role in the regulation of vital cellular processes, such as control of cell growth, differentiation,
metabolism, and migration. The production of whole-length RTKs in large quantities for biophysical
or structural characterization, however, is a challenge. In this study, a cell engineering strategy using
the anti-apoptotic Bcl-2 family protein, Bcl-xL, was tested as a potential method for increasing stable
expression levels of a recombinant RTK membrane protein in Chinese hamster ovary (CHO) cells.
Wild type and CHO cells stably overexpressing heterologous Bcl-xL were transformed with the gene
for a model RTK membrane protein, ErbB2, on a plasmid also containing the Zeocin resistance gene.
While CHO cells exhibited a gradual decrease in expression with passaging, CHO-bcl-xL cells offered
an increased and sustained level of ErbB2 expression following continuous passaging over more than
33 days in culture. The increased ErbB2 expression in CHO-bcl-xL cells was evident both in stable
transfected pools and in clonal isolates, and demonstrated both in western blot analysis and flow
cytometry. Furthermore, the sustained high-level protein expression in CHO-bcl-xL cells does not
alter the correct membrane localization of the ErbB2 protein. Our results demonstrate that cellular
engineering, specifically anti-apoptosis engineering, can provide increased and stable ErbB2
membrane protein expression in mammalian cells. This approach may also be useful for other
membrane proteins in which large quantities are needed for biophysical and structural studies.
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Introduction
The human proteome encodes nearly 1000 integral membrane proteins, representing nearly
30% of all proteins in the cell. These large numbers of membrane proteins are involved in a
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myriad of cell signaling pathways and processes within the cell [1,2]. Therefore, it is not
surprising that membrane proteins represent nearly 50% of all potential pharmacological
targets [3,4]. Understanding how these membrane proteins function is critical to the molecular
medicine and biotechnology fields.

The second largest family of membrane receptors is the receptor tyrosine kinase (RTK) family.
RTK-mediated signaling plays a key role in the regulation of vital cellular processes, such as
control of cell growth, differentiation, metabolism, and migration [5]. Defects in RTK signaling
lead to various developmental abnormalities and cancers, and the mechanism behind the
pathologies is under intense investigation [6]. RTKs are single-pass membrane proteins with
extracellular ligand-binding domains and intracellular kinase domains. They all signal via
lateral dimerization in the membrane plane. Once a dimer is formed (usually in the presence
of a ligand), the two cytoplasmic domains come into contact. The contact stimulates catalytic
activity, and results in the intermolecular autophosphorylation of the receptor subunits. This
activates the catalytic domains for the phosphorylation of cytoplasmic substrates and triggers
signaling cascades [7].

Members of the RTK family have been classified based on their structural and ligand-affinity
properties. One of the best studied subfamilies is the epidermal growth factor receptors (EGFRs
or ErbBs), which has a demonstrated role in many human cancers [8,9]. Crystal structures of
solved extracellular and catalytic domains of ErbB receptors have provided valuable insights
into the process of ligand-induced dimerization [10–13]. Yet, many questions remain about
the mechanism of receptor activation, and in particular about the transduction of the signal
from the extracellular domains to the catalytic domains. The transmembrane domains have
been shown to play a role in the process [14–16], and thus a complete understanding of the
activation processes requires biochemical and crystallographic studies of whole-length
receptors. The production of ErbB whole-length receptors in large quantities, however, is a
challenge.

The main methods for determining the molecular structure of a protein, X-ray crystallography
and nuclear magnetic resonance (NMR) spectroscopy, require significant quantities of purified
sample. While some stable, high abundance membrane proteins such as the G-protein-coupled-
receptor (GPCR) rhodopsin have been purified and characterized from native tissues [17], most
membrane proteins exhibit very low natural expression, thus prohibiting purification of
sufficient amounts of protein from these sources. Therefore, researchers have looked at a
variety of heterologous expression systems for the production of membrane proteins for
structural and biophysical characterization.

Mammalian cells may particularly be useful for the expression of complex proteins due to their
capacity to perform post-translational modifications and, thus, they are routinely used for
production of large, recombinant biotherapeutics such as antibodies in commercial applications
[18]. As a result, researchers have successfully expressed functional membrane proteins in
baby hamster kidney [19], HEK 293 [19], COS-1 [20], and CHO [21,22] cells among others.
Unfortunately, the expression level of recombinant membrane proteins from such systems is
often lower than that of secreted proteins. Such difficulties on production may partly explain
why membrane proteins account for a relatively small percentage of available protein
structures.

A great effort has been made to increase the recombinant protein expression from mammalian
cells, particularly in the area of secreted monoclonal antibodies. Cell engineering strategies,
in particular, have targeted mammalian cell bottlenecks, including secretion [23], cell cycle
[24], and apoptosis activation [25,26], all from within the cell. Anti-apoptosis cell engineering
has the ability to maintain viability of cells in the stressful conditions of bioreactors, allowing
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for increased production run times and higher product yields. Expression of membrane proteins
may represent one such stressful condition, especially since membrane protein overexpression
has been shown to initiate the unfolded protein response [27]. As the need to understand the
action and interactions of membrane proteins for medical and pharmacological efforts
increases, the requirement for high-level membrane protein production systems becomes
critical. Here, we examine the application of the anti-apoptosis gene bcl-xL as a potential
method for increasing stable expression levels of recombinant membrane proteins using ErbB2
as a model.

Materials and Methods
Cell Lines

Wild-type CHO and CHO-bcl-xL cell lines have been described previously [28]. Cells were
maintained in DMEM (Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine serum
(Invitrogen), non-essential amino acids (Invitrogen), and L-Glutamine (Invitrogen) in a
humidified 5% CO2 incubator at 37°C.

DNA Constructs
The plasmid pSV2_neu, encoding rat ErbB2 protein (Neu), was obtained from the laboratory
of Prof. Daniel Donoghue (UC San Diego). The cDNA encoding the erbB2 gene was excised
from the pSV2_neu plasmid using the HindIII and SalI sites and inserted directionally into the
pcDNA3.1/zeo vector (Invitrogen, Carlsbad, CA) using the HindIII and XhoI sites to generate
pcDNA3.1/zeo_erbB2.

Transfections
Transfection of the vectors was performed using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA) in OptiMEM reduced-serum medium (Invitrogen) according to the manufacturer’s
recommendations. For selection of CHO cells stably expressing the gene, Zeocin (Invitrogen)
was added to a concentration of 0.250 mg/mL 24 hours post transfection.

Western Blot Analysis
Cells were lysed with lysis buffer containing 1% Triton X-100, 25 mM Tris-HCl, 1 mM EDTA,
150 mM NaCl, 1 mM NaVO4, and complete-mini protease inhibitor cocktail (Roche
Diagnostics, Mannheim, Germany). Cellular debris and insoluble proteins were removed by
centrifugation, and the protein concentration of the cell extracts was measured using a BCA
protein assay kit (Pierce, Rockford, IL). Equal total protein amounts of clarified cell lysates
were denatured and loaded into 3–8% NuPAGE Tris-acetate gels (Invitrogen, Carlsbad, CA)
and separated by electrophoresis at 150V for 80 minutes. Separated proteins were then blotted
onto nitrocellulose membranes (Biorad, Richmond, CA) at 75 V for 90 minutes. Membranes
were blocked with 3% milk in Tris buffer saline (TBS) for one hour. For detection of Bcl-xL
protein, blots were incubated with an anti-Bcl-xS/L antibody (clone S-18, Santa Cruz
Biotechnology, Santa Cruz, CA) at a dilution of 1:200. For detection of ErbB2 receptor, blots
were incubated with a primary α-C-ErbB2 IgG antibody (Neu-C-18, Santa Cruz
Biotechnology, Santa Cruz, CA) at a dilution of 1:500 in 3% milk/TBS overnight at 4°C. A
secondary anti-rabbit IgG HRP conjugate (w402B, Promega, Madison, WI) was used at a
dilution of 1:2500, and incubated at room temperature for 90 minutes. Similarly, for detection
of ErbB2 activation, blots were incubated with a primary α-phospho-ErbB2 antibody (2243P,
Cell Signaling Technology, Beverly, MA). For detection of actin, blots were incubated with
an anti-actin antibody (Sigma Chemicals, St. Louis, MO). Chemiluminescent detection of the
HRP-conjugated antibody was achieved using the ECL western blotting detection kit (GE
Healthcare, Piscataway, NJ) and BioMax Light film (Kodak, Rochester, NY).
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Immunofluorescence
Cells were transiently-transfected with pcDNA3.1/zeo_erbB2. Twenty-four hours after
transfection, cells were fixed with 3% paraformaldehyde for 30 minutes at 4°C, and blocked
for one hour at room temperature with 3% BSA in TBS. Cells were then incubated with the
primary antibody, α-C-ErbB2 (Millipore, Billerica, MA) at a concentration of 1:500 in 1%
BSA overnight. For fluorescence detection, an α-mouse IgG fluorescein conjugate (401214,
Calbiochem, Los Angeles, CA) at a concentration of 1:100 in 1% BSA/TBS was used.
Fluorescence imaging was carried out using a Nikon confocal microscope equipped with an
imaging system.

Flow Cytometry Analysis
Cells were seeded in 6-well plates, incubated for 24 hours, and resuspended in 5 mM EDTA.
Resuspended cells were washed with 1% FBS in PBS, followed by incubation in a solution of
α-c-ErbB2 (OP16, Calbiochem) in 1% FBS/PBS for 30 minutes. For fluorescence detection,
an α-mouse IgG fluorescein conjugate (401214, Calbiochem) in 1% FBS/PBS was used. Cell
staining was quantified using a FACSCalibur flow cytometer (Beckon Dickinson).

Results
Transient Expression Studies

Our goal was to determine the impact of Bcl-xL overexpression on the production of ErbB2 in
mammalian cells. To determine if ErbB2 protein could be expressed in CHO-bcl-xL cells at
the plasma membrane, we transiently-transfected wild-type and Bcl-xL-expressing CHO cells
with a strong mammalian expression vector encoding the erbB2 gene. Immunofluorescence
staining of these transiently-transfected cells showed strong immunoreactivity to the cells. At
the periphery of the cell, a strong reactivity owing to the plasma membrane localization of the
protein was evident, and the membrane protein was distributed homogeneously on the cell
surface for both the wild-type and Bcl-xL-expressing CHO cell lines (Figure 1A and 1B,
respectively). No background fluorescence was detected in untransfected CHO cells (Figure
1C). Similarly, CHO and CHO-bcl-xL cells that were transfected with the empty vector also
showed no membrane staining (data not shown).

We next sought to confirm overexpression of Bcl-xL in the CHO-bcl-xL cell line chosen for
this study. The relative levels of Bcl-xL as determined by Western blot analysis are shown in
Figure 2. An anti-Bcl-xL antibody showed a reactive band at approximately 28 kDa, which
corresponds to the size of full length Bcl-xL protein. While there was a low but detectable level
of endogenous hamster Bcl-xL in the wild-type CHO cells, a much stronger band was evident
in the CHO cells overexpressing human Bcl-xL chosen for this study. To ensure that the relative
band intensities reflected the actual expression levels in the cells, each lane was loaded with
equal total cellular protein, and the samples were analyzed on the same gel and Western blot.
Thus, we can confirm the overexpression of the Bcl-xL protein in our CHO-bcl-xL cell line.

We next addressed whether there were any differences in expression of the ErbB2 receptor in
the CHO and CHO-bcl-xL cell lines under transient conditions. CHO and CHO-bcl-xL cells
were transfected with equivalent amounts of DNA encoding the erbB2 gene and harvested 24
hours after transfection before ErbB2 expression analysis by Western blot. Western blot
detection of ErbB2 was evident in a band corresponding to the full length ErbB2 (~180 kDa)
in both the CHO and CHO-bcl-xL cell lines (Figure 3). While the CHO-bcl-xL cell line did
show slightly-higher band intensity, Western blots of replicate transient transfections showed
a range of relative expression levels between the two cell lines (data not shown).
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Stable ErbB2 Expression
While transient transfection conditions are ideal for production of small amounts of
recombinant protein, stable expression systems allow for protein production from a much larger
percentage of cells which can also be expanded for large-scale production. Therefore, we
transfected CHO and CHO-bcl-xL cells with equivalent amounts of DNA encoding ErbB2 on
a plasmid which also contains a gene encoding for antibiotic resistance. The transfected cells
were then subjected to selection with the antibiotic Zeocin. Western blot assessment at 24 hours
after transfection showed that the wild-type CHO and CHO-bcl-xL cells both exhibited
detectable levels of ErbB2 receptor (Figure 4A). In this experiment, the expression of ErbB2
is higher in CHO cells, confirming the variation in the transient expression of ErbB2 between
the CHO and CHO-bcl-xL cells seen previously (Figure 3).

After 13 days of selection in Zeocin, transfected pools were again analyzed for expression of
ErbB2. Unlike early time points, this time the CHO and CHO-bcl-xL cells showed dramatically
different levels of ErbB2 expression (Figure 4B). While CHO cells exhibited low levels of
ErbB2 protein, the CHO-bcl-xL cells retained significant levels of ErbB2 expression as detected
by Western blot. This increased expression of ErbB2 in CHO-bcl-xL pool cells after 2 weeks
of selection was confirmed in a total of three independent transfection experiments (data for
other two experiments not shown).

In order to determine if the enhancement in ErbB2 expression in CHO-bcl-xL cells was
maintained during subsequent passaging and maintenance of the cells, stable pools of CHO
and CHO-bcl-xL cells expressing the ErbB2 protein were subcultured for a total passaging of
33 days with media containing Zeocin. After this time period, we again analyzed the ErbB2
protein expression by Western blot (Figure 4C). While the ErbB2 protein was barely detectable
in the CHO cells, the CHO-bcl-xL cells exhibited a significantly higher level of sustained ErbB2
protein expression. Replicate, independent transfection experiments showed a similar
enhancement in ErbB2 expression levels for the CHO-bcl-xL cells relative to the wild-type
CHO control at this same time point after selection (data not shown).

To address if the expressed ErbB2 in the stable pools of CHO and CHO-bcl-xL cells were
functional, equal amounts of cellular protein mass from the transfected cells were loaded and
probed for protein expression. The nitrocellulose membrane was also stripped and stained for
phosphorylated ErbB2, an indicator of protein activity. As shown in Figure 5, the full-length
ErbB2 receptor is expressed only in the stable pool of CHO-bcl-xL cells transfected with
pcDNA3.1/zeo_erbB2 (lane 2), and the receptors are phosphorylated and functional. No
detectable expression or activity was observed in CHO pools transfected with pcDNA3.1/
zeo_erbB2 (lane 1) or CHO and CHO-bcl-xL pools transfected with the empty vector
pcDNA3.1/zeo (lanes 3 and 4). Equivalent mass loadings were verified by probing the amount
of actin in each lane.

To determine the distribution of the expression level of ErbB2 in the stable pools, cells were
immunostained with an α-ErbB2 primary antibody and a fluorescein-conjugated secondary
antibody. Flow cytometry measurements of stable pools of CHO-bcl-xL cells transfected with
pcDNA3.1/zeo (negative control, Figure 6A) and of CHO cells transfected with pcDNA3.1/
zeo_erbB2 (Figure 6B) are similar, with the bulk of the fluorescence signal (~90%) arising
from autofluorescence and background signal (101 – 102). Thus, the expression level of ErbB2
in the stable pool of CHO cells is either undetectable or very low. In contrast, the flow cytometry
data shows that, in the stable pool of CHO-bcl-xL cells transfected with pcDNA3.1/
zeo_erbB2, the majority of the cells (~80%) exhibited much higher fluorescence intensities
(102 – 104) and, therefore, were expressing ErbB2 (Figure 6C). The observed range of
fluorescence intensity distribution is relatively broad as expected for a stable pool of cells with
different expression levels of the protein.
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While CHO-bcl-xL cells showed prolonged and enhanced expression of the ErbB2 protein, we
wanted to know whether the plasma membrane localization of the receptor was affected after
prolonged culture. Immunostaining of the stable pools of CHO-bcl-xL cells expressing ErbB2
(from day 33 of the experiment) showed a plasma membrane fluorescence distribution as in
the transient transfections (Figure 7), thus confirming that the ErbB2 receptor was still
expressed at the plasma membrane after many passages.

To verify that the sustained expression of ErbB2 is attributed to the overexpression of Bcl-
xL, individual clones were selected from the stable pools of CHO and CHO-bcl-xL cells
transfected with pcDNA3.1/zeo_erbB2. Western blots from these clones show a higher
expression level of ErbB2 in cells overexpressing Bcl-xL (Figure 8) as compared to the levels
from the CHO controls. As expected, clones selected from a stable pool of CHO-bcl-xL cells
transfected with pcDNA3.1/zeo (empty vector) do not display any expression of ErbB2.

Discussion
The membrane protein ErbB2 plays important roles in mediating growth factor signaling, and
thus, has been implicated in numerous pathologies, including cancers [6]. Increasing the stable
expression levels of ErbB2 in transfected mammalian cells is a critical step that will further
advance the biophysical characterization, structure determination, and high-throughput
screening studies for the design of effective therapeutics. The problem with ErbB2, which is
common for many membrane proteins, is that low endogenous levels of expression hinder the
analysis of these proteins. Thus, a variety of heterologous expression systems for membrane
proteins have been examined. Comparisons [19,29] and reports on the use of a variety of
expression systems exist, including bacterial [Error! Reference source not found., 30], yeast
[31,32], insect [33,34], mammalian cells [29,35], and even cell-free systems [36]. While each
system has its benefits, mammalian cells in particular have shown promise for the production
of functional membrane proteins in previous studies [37,38–40]. Yet, lower expression levels
in mammalian cells means that optimization of the expression system is important for
implementing a robust platform for large-scale production, purification, and analysis. Here we
examine the expression of the integral membrane protein ErbB2 in CHO cells, which are widely
used for the production of secreted recombinant proteins in commercial applications [18].
Functional expression of membrane proteins in CHO cells has previously been demonstrated
for adrenergic [22], neurokinin [41], and adenosine [42] GPCRs as well as RTKs [43–45].

We chose to compare expression of the ErbB2 receptor in a wild-type CHO cell line with one
that was also expressing the heterologous human bcl-xL gene. This cell line has been employed
to improve survival in the presence of apoptotic insults [28,46,47] and also used to improve
production of antibodies and secreted proteins by other researchers [48,49]. Indeed, the CHO-
bcl-xL cell line shows overexpression of the anti-apoptotic Bcl-xL protein compared to the
endogenous CHO Bcl-xL protein (Figure 2). We were able to detect endogenous CHO
(hamster) Bcl-xL protein in our cell lines using an anti-human Bcl-xL antibody. This is not
surprising since it has been demonstrated previously for CHO Bcl-xL [50] and can be expected
due to the high sequence similarity of the two Bcl-xL species isoforms.

While higher ErbB2 expression in CHO-bcl-xL cells was not evident during transient
expression, stable transfection of the receptor in CHO-bcl-xL cells resulted in sustained ErbB2
expression in stable pools as well as clonal isolates. It is likely that Bcl-xL exerts a positive
effect during the stable pool and clonal isolation selection process. Bcl-xL may provide for
higher stable expression of the ErbB2 receptor through its anti-apoptotic function in CHO cells.
Although the exact mechanism of how Bcl-xL works is still under investigation, the anti-
apoptosis protein Bcl-xL is known to prevent the release of cytochrome c and Smac from the
mitochondria, leading to the inhibition of caspase-mediated apoptosis [28]. Expression of large,
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complex recombinant proteins, such as ErbB2, has the potential to initiate internal stresses on
the cell that may affect growth and survival. This was seen during stable expression of the rat
serotonin transporter, where HEK 293 cells expressing the transporter grew slowly even in the
presence of a transporter inhibitor [29]. High level membrane protein expression may lead to
protein accumulation in the endoplasmic reticulum and activation of the unfolded protein
response (UPR) in mammalian cells [27]. While the UPR is a type of survival mechanism, the
process can also lead to apoptotic [51] or autophagic cell death [52]. Anti-apoptotic Bcl-2
family members such as Bcl-xL are ideal pro-survival molecules in that they can protect against
both forms of cell death [53,54]. Hence, Bcl-xL overexpression may be protecting the CHO
cells from apoptosis and/or autophagy triggered by ErbB2 expression.

The overexpression of Bcl-xL in the engineered CHO cell line may also allow the survival of
cell lines that would normally not endure the cell line selection processes. It has been shown
that Zeocin, one of the bleomycin/phleomycin family of antibiotics, will bind DNA and induce
apoptosis [55]. Interestingly, the antibiotic initiates release of cytochrome c and down-regulates
expression of Bcl-xL [55] along with other anti-apoptotic genes. Thus, it is possible that the
enhanced expression of Bcl-xL facilitates cellular survival and proliferation in CHO pools and
stable clones during the lengthy Zeocin selection process.

Thus, the presence of Bcl-xL in CHO-bcl-xL may imbue the cells with properties that allow
continued survival and proliferation of high-producing cells during extend passaging. Although
the exact mechanism is still unclear, it is evident that overexpression of Bcl-xL provides
inherent advantages to CHO cells expressing the ErbB2 membrane protein. Indeed, the
combination of stresses manifested both by expressing a complex membrane protein in CHO
cells in combination with apoptotic stresses caused by antibiotic selection may require
enhanced expression of anti-apoptotic genes in order to ensure survival of CHO cells over
extended passaging.

In addition to maintaining expression during long term culture of stable cell lines, expression
of the ErbB2 protein in a CHO cell line expressing Bcl-xL did not alter the localization of the
protein as analyzed by immunofluorescence confocal microscopy. Previously, Bcl-xL
expression has also been shown to increase secreted recombinant protein production [26,56]
with no detectable changes in product quality [49]. Thus, Bcl-xL appears to offer significant
advantages for increasing production of both secreted and membrane recombinant proteins in
mammalian expression systems.

In summary, we have shown a method for increasing the stable production of the integral
membrane protein ErbB2 in CHO cells by enhancing the expression of the anti-apoptotic gene
bcl-xL. This work provides an excellent foundation for subsequent cell engineering strategies
that can lead to higher production of ErbB2 for structural or biochemical studies. In the future,
the use of anti-apoptotic engineering should be considered for other members of the RTK
family (e.g., ErbB, FGFR, VEGFR, etc.), G-protein coupled receptors and other integral
membrane proteins. Yet, Bcl-xL cell engineering represents only one of many cell engineering
strategies that may lead to increased production of heterologous proteins. While most previous
cell engineering studies have focused on the production of secreted recombinant proteins,
similar bottlenecks may exist in production of recombinant membrane proteins. Future
strategies to increase membrane protein production may involve enhancing cellular organelles
[23], codon usage [57], and media formulation [58], all of which have been implemented
successfully for increased expression of secreted recombinant proteins. The true test of these
methods will be in their ability to increase production of a variety of membrane proteins,
leading to successful purification of large quantities of membrane proteins for subsequent
biophysical and biochemical characterization.
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Figure 1.
Immunofluorescence images of ErbB2 expression in wild-type (A) and Bcl-xL-expressing (B)
CHO cells after transient transfection with pcDNA3.1/zeo_erbB2. Images were captured using
a 60X objective at 24 hours post transfection. (C) There was no fluorescence detected in
untrasfected CHO cells. Similar results were obtained with cells transfected with the empty
vector pcDNA3.1/zeo (not shown).
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Figure 2.
Western blot of Bcl-xL in CHO and CHO-bcl-xL cell lines. Equal total cellular protein (50
μgrams) was loaded per lane and membranes were probed with an anti-Bcl-xL antibody. All
samples were run on the same Western blot; non-relevant lanes have been removed for clarity.
The arrows on the left indicate where the corresponding molecular weight marker from the
protein ladder ran.
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Figure 3.
Western blot analysis of ErbB2 transient expression in CHO and CHO-bcl-xL cells transfected
with pcDNA3.1/zeo_erbB2. Cells were harvested 24 hours post transfection and equivalent
masses of total cellular protein were loaded onto the gel for analysis. Membranes were probed
with an anti-ErbB2 antibody. The arrows on the left indicate where the corresponding
molecular weight marker from the protein ladder ran.
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Figure 4.
Western blot analysis of ErbB2 expression in CHO and CHO-bcl-xL cells. Samples containing
equal amounts of total cellular protein were analyzed from 1 day (A), 13 days (B), and 33 days
(C) post transfection. Equal total cellular amounts of 10 μg (A), 75 μg (B), or 40 μg (C) were
loaded per lane to ensure band intensities reflect relative expression levels. Membranes were
probed with an anti-ErbB2 antibody. All samples were run on the same Western blot; non-
relevant lanes have been removed for clarity. The arrows on the left indicate where the
corresponding molecular weight marker from the protein ladder ran.
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Figure 5.
Western blot analysis of ErbB2 activity in stable pools of CHO and CHO-bcl-xL cells. Samples
containing equal amounts of total cellular protein from stable pools of CHO and CHO-bcl-xL
cells transfected with pcDNA3.1/zeo_erbB2 (lanes 1 and 2, respectively) and transfected with
the empty vector (lanes 3 and 4, respectively) were analyzed to determine if the expressed
ErbB2 was functional. The top panel shows the expression of ErbB2, and the middle panel
shows the activity of the protein as assessed by the receptor’s phosphorylation. The bottom
panel shows the corresponding anti-actin blot to ensure that equal cellular protein was loaded
in each lane. All samples were run on the same Western blot. The arrows on the left indicate
where the corresponding molecular weight marker from the protein ladder ran.
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Figure 6.
Flow cytometry data of (A) stable pool of CHO-bcl-xL cells transfected with pcDNA3.1/zeo
(empty vector, used as negative control), (B) stable pool of CHO cells transfected with
pcDNA3.1/zeo_erbB2, and (C) stable pool of CHO-bcl-xL cells transfected with pcDNA3.1/
zeo_erbB2. Cells were stained with anti-ErbB2 as the primary antibody, and a FITC-conjugated
secondary antibody. Equal number of cells (25,000) was sorted from each sample. Panel A is
the negative control, panel B shows the low expression of ErbB2 in CHO cells, and panel C
shows the higher number of cells expressing ErbB2 in CHO-bcl-xL cells. Autofluorescence
and background signals are detected at intensities below 102. The percentage of cells with
fluorescence intensities between 102 and 104 is shown for each set.
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Figure 7.
Anti-ErbB2 immunostaining of CHO-bcl-xL stably expressing the ErbB2 protein. Images were
taken using a 60X objective after 33 days of culture with the antibiotic Zeocin. There was no
fluorescence detected under microscopy for the control cells that were not transfected with
pcDNA3.1/zeo_erbB2.
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Figure 8.
Western blot analysis of ErbB2 expression in CHO and CHO-bcl-xL clones. Clones were
selected from stable pools of CHO and CHO-bcl-xL cells transfected with pcDNA3.1/
zeo_erbB2 and CHO-bcl-xL cells transfected with pcDNA3.1/zeo (empty vector, control).
Equal total cellular amounts of 20 μg were loaded per lane to ensure that band intensities reflect
relative expression levels. Membranes were probed with anti-ErbB2 and anti-Bcl-xL
antibodies. All samples were run on the same Western blot; non-relevant lanes have been
removed for clarity. The arrows on the left indicate where the corresponding molecular weight
marker from the protein ladder ran.
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