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Abstract

An interaction of Bcl-2 with SERCA had been documented /n vitro using the SERCAla isoform
isolated from rat skeletal muscle [Dremina, E. S., Sharov, V. S., Kumar, K., Azidi, A., Michaelis,
E. K., Schéneich, C. (2004) Biochem. J. 383 (361-370)]. Here, we demonstrate the interaction of
Bcl-2 with the SERCA3Db isoform both /n vitroand in cell culture. /n vitro, the interaction of Bcl-2
with SERCA3b was studied using Bcl-2A21, a truncated form of human Bcl-2, and microsomes
isolated from SERCA3b-overexpressing HEK-293 cells. For these experiments, SERCA3b was
quantified by a combination of amino acid analysis and Western blotting. We observed that
Bcl-2A21 both inactivates SERCA3b and co-immunoprecipitates with SERCA3b. The incubation
with Bcl-2A21 changes the distribution of SERCA3b during sucrose density gradient
centrifugation, likely as the result of Bcl-2A21-induced conformational change of SERCA3b.
When SERCA3b-overexpressing HEK-293 cells were co-transfected with Bcl-2, Bcl-2-dependent
SERCAZ3b inactivation was observed. In these cells, Bcl-2 interaction with SERCA3b was
demonstrated by co-immunoprecipitation. Furthermore, overexpression of Bcl-2 reduced
fluorescein isothiocyanate (FITC) labeling of SERCA3b. Together, our data provide evidence for
the interaction of Bcl-2 with SERCAS3b /n vitroand in cell culture, and for Bcl-2-dependent
conformational and functional changes of SERCA3b.
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1. Introduction

Apoptosis, programed cell death, is essential for the development and survival of
multicellular organisms while impaired apoptosis contributes to several pathologies,
including AIDS, Alzheimer’s disease, Parkinson’s disease and cancer [1]. One of the
important parameters regulating pro- and anti-apoptotic processes is the intracellular Ca?*
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concentration, [CaZ*]; [2]. A precisely controlled [Ca2*]; is essential to maintain CaZ*
homeostasis in cells. Resting levels of cytosolic free Ca?* are maintained at ~100 nM,
maintained through active transport of CaZ* from the cytosol to the extracellular space (~1.2
mM free Ca2*), and into intracellular compartments, such as mitochondria and the
endoplasmic reticulum (ER) [3]. Ca%* is released from the ER along its concentration
gradient through the inositol trisphosphate receptor (IP3R) and the ryanodine receptor (RyR)
[4]. Mitochondria, which are strategically located near the ER, modulate and synchronize
Ca?* signals [5, 6]. Ca2* is recycled to the ER by reuptake of CaZ* from the cytosol into the
ER lumen through the sarco/endoplasmic reticulum Ca2*-ATPase (SERCA), a Ca?* pump,
which utilizes ATP and maintains as high as 100-500 uM free Ca2* within the ER lumen
[7]. Three distinct genes encode three major SERCA isoforms in mammals: SERCAL,
SERCAZ2, and SERCAZ3. Here, the SERCAS3 isoform displays unique characteristics when
compared to SERCA1 and SERCAZ2, such as a reduced apparent affinity for Ca2*, inhibition
by platelet intracellular membrane 430 (PL/IM430) antibody, and an optimal pH for enzyme
activity of pH=7.2-7.4 [8, 9]. SERCAZ is always co-expressed with the ubiquitous
SERCAZ2b isoform [10] but the physiological importance of the unique characteristics of
SERCAZ3 have yet to be defined in detail.

SERCAZ3 is expressed in platelets, lymphoid cells, mast cells, endothelial cells, and
epithelial cells [11, 12]. It displays the highest isoform diversity where alternative splicing of
the SERCA3 gene generates six isoforms, SERCA3a, SERCA3b, SERCA3c, SERCA3d,
SERCAZ3e and SERCAZ3f, which are different in their C-terminal regions [13]. The species-
specific expression of SERCA3 produces five isoforms (3b—3f) in humans, two isoforms (3b
and 3c) in mice, and one isoform (3b or 3c) in rats [13]. In contrast, SERCA3a expression is
not species specific [14]. Members of the SERCA3 sub-family exhibit different enzyme
activities; the protein of interest in this study, SERCAZ3b, displays the highest turnover rate
among all SERCAS3 isoforms [9].

Bcl-2, which is best known for its anti-apoptotic function, is a member of the Bcl-2 protein
family, which comprises both pro-apoptotic and anti-apoptotic proteins, such as Bax, Bak
and Bcl-xL respectively [15]. Bcl-2 can inhibit apoptosis by various pathways, including the
interaction with pro-apoptotic family members [16, 17], regulation of Ca2* homeostasis
[18], the interaction with mitochondrial channels (e.g., the voltage-dependent anion channel,
VDAC) [19, 20], the regulation of mitochondrial membrane permeability [21]. Bcl-2-
dependent regulation of Ca2* homeostasis may proceed via various mechanisms including
the modulation of ER Ca2* release and uptake. For example, the overexpression of Bcl-2 in
HeLa cells decreased the steady-state Ca2* concentration in the ER and the Golgi apparatus,
which is determined by the equilibrium between active Ca?* uptake and passive Ca2*
release, suggesting that either of these processes could be affected by Bcl-2 [22]. It was
initially concluded that Bcl-2 overexpression increased the ER Ca2* leakage [22]. However,
Abeele et al. reported a depletion of ER Ca2* content following Bcl-2 overexpression
through both Ca2* uptake and Ca2* release mechanisms [23]. Overexpression of Bcl-2 in
LNCaP prostate cancer cells inhibited the Ca?* uptake by downregulation of the expression
of SERCA2b and calreticulin [23]. Similarly, Bcl-2 reduced the ER Ca2* content by
increasing the Ca%* permeability of the ER membrane, thereby promoting cell survival [24].
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Bcl-2-mediated Ca?* leakage and the reduction of ER Ca2* content was also observed in
Bcl-2-overexpressing MCF-7 breast cancer cells [25].

An alternative pathway for the Bcl-2-dependent regulation of ER Ca2* involves the
interaction of Bcl-2 with inositol 1,4,5-triphosphate receptors (IP3R) [26], where the BH4
domain of Bcl-2 interacts with a region in the regulatory and coupling domain of the IP3R
[27]. Bcl-2 can reduce IP3R-dependent Ca2* release to preserve the ER Ca2* levels [28].
Bcl-2 appears to inhibit and enhance specific Ca2*-dependent signals. For example, Bcl-2
can discriminate between Ca2* signals and selectively inhibit high amplitude transient Ca2*
elevations that lead to cell death [29]. Moreover, Bcl-2 was proposed to convert apoptogenic
high Ca2* signals to pro-survival CaZ* oscillations through various mechanisms, such as the
direct interaction with IP3R, impaired phosphorylation of IP3R, or by reducing ER Ca%*
content [30, 31].

Another potential pathway by which Bcl-2 may modify ER Ca2* levels is the modulation of
SERCA activity [32]. /n vitro Bcl-2 interacts with and inhibits SERCA1 and SERCA2b,
associated with unfolding of SERCA and modification of FITC binding [32]. The interaction
of Bcl-2 and SERCA is modulated by heat shock protein 70 (Hsp70) [33].

In the present study, we have evaluated the interaction of Bcl-2 with SERCA3b and extended
these studies to cell culture. We observed that Bcl-2 interacts with and partially inhibits
SERCAZ3b activity both /n vitroand in cell culture. Further, the inhibition of SERCA3b
correlates with a Bcl-2-dependent conformational change of SERCA3b.

2. Materials and methods

2.1. Materials

GE Healthcare Amersham Enhanced Chemiluminiscence (ECL) or ECL-Plus
Chemiluminiscence detection kits were purchased from Fisher Scientific (Pittsburgh, PA).
The anti-Bcl-2 antibody (sc-7382) and the PL/IM430 antibody were from Santa Cruz
Biotechnology (Santa Cruz, CA). The anti-fluorescein/Oregon Green monoclonal antibody
was obtained from Molecular Probes (Grand Island, NY). The Coomassie Plus protein assay,
amino acid standard mixture, 6N HCI and secondary horseradish peroxidase-conjugated
(HRP) anti-mouse antibodies were from Pierce (Rockford, IL). Precision Plus Protein Dual
Color standards, Tris-glycine buffer, pH 7.5 and 4-20% Tris-HCI ready gels were purchased
from Bio-Rad (Hercules, CA). Tris-glycine-SDS running buffer was from Life Science
Products (Frederick, CO). The PVDF membrane (0.45 pm) was purchased from Millipore
(Bedford, MA). EDTA-free protease inhibitor cocktail was from Roche Diagnostics
(Indianapolis, IN). Isopropyl p-D-1-thiogalactopyranoside (IPTG) was obtained from
AmericanBio, Inc. (Natick, MA). Glutathione S-transferase (GST) was obtained from
GenScript USA Inc. (Piscataway, NJ). Partial recombinant protein of SERCA3 with a GST
tag at N-terminal, ATP2A3, (catalog no. HO0000489-Q01) was purchased from (Abnova,
Taiwan). QuickChange multi site-directed mutagenesis kit and XL10-Gold ultracompetent
cells were purchased from Stratagene (La Jolla, CA). Dulbecco’s modified Eagle’s medium
(DMEM), Lipofectamine 2000 transfection reagent and SeeBlue Plus2 pre-stained standard
were obtained from Invitrogen (Carlsbad, CA). Thrombin-binding beads, glutathione-
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agarose beads, protein A-agarose beads, alanine and other chemicals were purchased from
Sigma (St. Louis, MO).

2.2. G145E-Bcl-2 mutant construction, transformation, DNA isolation, and sequencing

The oligonucleotide primer of 5’-AGG GAC GGG GTG AAC TGG GAG AGG ATT GTG
GCC TTC TTT GAG-3’ for the G145E mutant of Bcl-2 was designed and purchased from
DNA technologies, Inc. (Coralville, 1A). Mutant DNA strands were synthesized using the
QuickChange multi site-directed mutagenesis kit according to the protocol provided with the
kit. The polymerase chain reaction (PCR) was carried out using a thermal cycler (MJ Mini
personal thermal cycler, Bio-Rad Laboratories, Hercules, CA) according to the following
program: one cycle of incubation at 95°C for 1 min followed by 30 cycles of incubation at
95°C for 1 min, 55°C for 1 min and 65°C for 10 min. The transformations of PCR products
were done using XL10-Gold ultracompetent cells according to the manufacturer’s protocol.
Mutant plasmid DNA was isolated from a few colonies using the QIAGEN Plasmid mini kit
according to the manufacturer’s protocol and the isolated DNA samples were submitted for
sequencing (Northwoods DNA, Inc., Solway, MN).

2.3. Cell culture and transfections

HEK-293 cells, which were stably transfected with a human SERCA3b-encoding vector
were a kind gift of Dr. Jocelyne Enouf (INSERM, Villejuif, France). Cells were cultured in
DMEM, supplemented with 10% bovine calf serum, 100 ug/mL penicillin streptomycin and
200 pg/mL geneticin at 37°C in a humidified 5% CO, atmosphere.

Cultures of £. coli cells that were transformed with plasmid DNA encoding either human
Bcl-2, an empty vector (without the sequence for the human Bcl-2 gene), or G145E-Bcl-2
were used to grow bacteria in large scale and DNA was isolated using the QIAGEN Plasmid
Plus Maxi Kit according to the manufacturer’s protocol. HEK-293 cells (stably transfected
with a human SERCA3b-encoding vector) were transiently co-transfected separately with
either isolated Bcl-2 DNA, empty-vector DNA, or G145E-Bcl-2 DNA using the
Lipofectamine 2000 transfection reagent according to the manufacturer’s protocol. The cells
were harvested 48 hrs after transfection and microsomes were isolated.

2.4. Microsome preparation

Microsomes were isolated according to previously published methods [34]. HEK-293 cells
from five 10-cm dishes were scraped down in PBS/5 mM EDTA and spun down at 1,000xg
for 3 min. The supernatant was discarded and the cells were swollen in 2 mL of lysis buffer
(10 mM Tris HCI, pH 7.5, and 0.5 mM MgCl,) for 10 min followed by the addition of
phenylmethylsulfonyl fluoride (PMSF) (final concentration of 0.1 M) and aprotinin (final
content of 100 U/mL). The cells were then lysed with 40 strokes using a Dounce
homogenizer with a tight A pestle. 2 mL of a solution containing 0.5 M Sucrose, 10 mM
Tris, pH 7.5, 40 pM CaCl,, 6 mM B-mercaptoethanol and 0.3 M KCI were added, and cells
were lysed again with additional 20 strokes. The resulting cellular homogenate was
centrifuged at 8,000xg for 20 min and 0.9 mL of 2.5 M KCI were added to the supernatant,
and the post-mitochondrial fraction, referred to as “microsomes” was separated by
centrifugation at 100,000xg for 1 hr at 4°C using an SWA41 rotor in a L90K ultracentrifuge
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(Beckman Coulter, Fullerton, CA). Microsomes were resuspended in a solution containing
0.25 M sucrose, 10 mM Tris, pH 7.5, 20 uM CaCl,, 3 mM B-ME and 0.15 M KClI, and the
protein concentration was measured by Coomassie Plus protein assay. Microsomes were
aliquoted and quickly frozen in liquid N, for storage at —70°C.

2.5. SDS-PAGE separation and Western blotting

Protein samples were separated on 4-20% Tris-HCI ready gels using a Tris-glycine-SDS
running buffer. Precision Plus Protein Dual Color standards or SeeBlue Plus2 pre-stained
standard were used as reference markers for the molecular weights of proteins. Following
electrophoresis, the gels were either stained with Coomassie brilliant blue or transferred onto
a PVDF membrane for Western blotting.

Western blotting was carried out according to a previously published protocol with some
modifications [32]. Following SDS-PAGE, proteins were transferred onto a 0.45 um PVDF
membrane, which was pre-soaked with methanol and pre-washed with distilled water, at 100
V for 2 hrs using a Tris-glycine buffer, pH 7.5. The membrane was blocked with 5% (w/v)
milk in 20 mM Tris, pH 7.5, 150 mM NaCl and 0.1% Tween 20 for 1 hr at room
temperature, followed by treating with the desired antibodies for immunodetection. GE
Healthcare Amersham Enhanced chemiluminiscence (ECL) or ECL-Plus chemiluminiscence
detection kits were used to visualize the bands according to the manufacturer’s protocol.

2.6. Expression and purification of Bcl-2A21

Bcl-2A21 was expressed as GST-Bcl-2A21 using a pGEX3T vector in £. coli as the host
strain according to a previously established method [32]. 5 mL of the starter culture was
used to inocculate one liter of Luria-Bertani (LB) medium, which was incubated at 37°C
with vigorous shaking until the optical density reached 0.4-0.475 at 600 nm. Protein
expression was induced by the addition of 0.12 g of IPTG, followed by 5 min cooling on ice.
Next, the culture was grown at 32°C for 3—4 hrs with vigorous shaking. The bacterial culture
was harvested by centrifugation at 6,000xg for 10 min. The pellet was resuspended in a
buffer containing 7.5 mM Tris, pH 8, 150 mM NaCl, and 3 mM EDTA, followed by
incubation with lysozyme (0.1 mg/mL) on ice for 15-25 min. Next, the mixture was
sonicated in the presence of 5 mM DTT, 1 mM PMSF and 1.5% (w/v) Sarkosyl for 40 sec.,
followed by centrifugation at 10,000xg at 4°C for 45 min. The resulting supernatant was
incubated with 500 pl of glutathione-agarose beads at 4°C for 3 hrs in the presence of 1%
(v/v) Triton. The beads were then separated by centrifugation at 4,000xg for 5 min. Finally,
the beads were washed and resuspended in a buffer containing 7.5 mM Tris, pH 8, 150 mM
NaCl, and 3 mM EDTA, and incubated with thrombin (5 units) for 1 hr at room temperature.
Finally, 20 pl of thrombin-binding beads were added to the mixture and the mixture was
incubated at 4°C for 30 min to yield pure Bcl-2A21. Purified Bcl-2A21 was further analyzed
by SDS-PAGE and Western blotting with mouse monoclonal anti-Bcl-2 antibody (sc-7382)
to confirm Bcl-2A21 protein expression.

2.7. Co-immunoprecipitation of SERCA3b with Bcl-2A21 added to microsomes

Co-immunoprecipitation was performed using a previously described protocol [32].
Microsomes were incubated in 500 ul of buffer contained 50 mM Tris-HCI, pH 7.4, 10 mM
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EDTA, 1% Nonidet P40, 1 mM PMSF and complete, EDTA-free protease inhibitor cocktail
in the presence and absence of Bcl-2A21 for 1 hr at 37°C. First, preclearing was done by
incubating protein mixtures with 30 pl of protein A-agarose beads at 4°C for 30 min, and
then 1 ug of anti-Bcl-2 antibody or PL/IM430 antibody was added to the supernatant for
incubation at 4°C for 2 hrs. Next, protein A-agarose beads were added, and the mixture was
incubated at 4°C for 1 hr. The bead-bound immunocomplexes were isolated and separated
by SDS-PAGE followed by Western blotting with the anti-Bcl-2 antibody and the PL/IM430
antibody as described above.

2.8. Co-immunoprecipitation of SERCA3b and Bcl-2 in microsomes of doubly transfected
HEK-293 cells

The co-immunoprecipitation procedure described above was carried out for microsomes
isolated from HEK-293 cells overexpressing only SERCA3b, and HEK-293 cells
overexpressing both SERCA3b and Bcl-2.

2.9. Sucrose density gradient centrifugation

Sucrose density gradient fractionation of microsomal proteins was carried out according to
previously described methods [32]. All sucrose solutions were prepared in MBS buffer (25
mM MES, pH 6.5, 150 mM NaCl, 5 mM EDTA and 1 mM PMSF). Microsomes (200ug in
300 pl) were mixed with 2 mL of 0.5 M Na,COs buffer, pH 11, and 2 mL of 90% sucrose
solution and placed into the bottom of an ultracentrifuge tube. 4 mL of 38% and 5% sucrose
solutions were also added in order to set a discontinuous sucrose gradient. The tubes were
then ultracentrifugated at 130,000xg in a SWA41 rotor (Beckman Coulter, Fullerton, CA) for
18 hrs at 4°C. Finally, 1-mL fractions were collected from top to bottom of the tube and the
fractions were separated by SDS-PAGE and analyzed by Western blotting with the PL/
IM430 antibody.

2.10. FITC labeling

FITC labeling of microsomal samples was done according to a protocol published earlier
[35]. Microsomes (20 pg) isolated from cells overexpressing both SERCA3b and Bcl-2, and
microsomes (20 pg) isolated from SERCA3b-encoding cells additionally transfected with
the empty vector (control) were incubated with 50 mM Tris-HCI, pH 8.8, 250 mM Sucrose,
0.1 mM CaCl,, 5 mM MgCl,, 20 uM FITC and protease inhibitor for 1 hr at room
temperature in the dark. The reaction was stopped by addition of 4X SDS sample buffer and
the samples were separated by SDS-PAGE followed by Western blotting with the anti-
fluorescein/Oregon Green monoclonal antibody. FITC levels were determined by
densitometry.

2.11. Densitometry

After Western blotting, the developed X-ray films were scanned and densitometry was
performed with the NIH ImageJ software (http://rsb.info.nih.gov/ij). Developed X-ray films
were scanned and the scanned images were converted into 8-bit gray scale images. After
background subtraction, a band was selected by drawing a rectangle and this was repeated
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for each band of interest. The selected bands were plotted using the “analyze > gels > plot
lanes” commands and the areas under the peaks were determined.

2.12. Characterization of SERCA3b

2.12.1. Ca2*-ATPase activity of SERCA3b—Ca2*-dependent ATPase activities of
microsomes isolated from cells overexpressing only SERCA3b, cells overexpressing both
SERCAZ3b and Bcl-2, cells overexpressing both SERCA3b and G145E-Bcl-2, and cells
transfected with both the SERCA3b vector and an empty vector (as a control for Bcl-2
overexpression) were measured separately. For in vitro studies, microsomes isolated from
SERCAZ3b overexpressing cells were incubated with or without Bcl-2A21 for 1 hr at 37°C
prior to the ATP hydrolysis assay.

We used the assay reported by Chandrasekera et al., in which ATP hydrolysis is coupled to
the oxidation of NADH, measured at 340 nm [36]. Microsomes were added to 150 ul of a
reaction mixture containing 120 mM KCI, 25 mM MOPS, pH 7, 2 mM MgCl,, 1 mM ATP,
1.5 mM phospho-enol-pyruvate, 1 mM DTT, 0.5 mM EGTA, 0.45 mM CaCl, ([Ca2*]fee~3
uM), 0.32 mM NADH, 5 U/mL pyruvate kinase, 10 U/mL lactate dehydrogenase, and 2 uM
calcium ionophore (A23187), and the decrease in absorbance at 340 nm was followed for 10
min at 37°C in a microplate spectrophotometer (SpectraMax plus 50-60 Hz, Molecular
Devices, LLC, Sunnyvale, CA) [36]. The linear region of the trace was used to determine the
enzyme activity and the Ca2*-dependent ATPase activity was obtained by subtracting the
activity in the presence of EGTA from the total activity in the presence of Ca2*. The Ca-Mg-
ATP-EGTA Calculator (http://maxchelator.stanford.edu/CaMgATPEGTA-NIST.htm) was
used to calculate the free Ca2* concentration, [Ca2* ], in the assay solution when different
amounts of CaZ* were added.

The graph of Ca2*-ATPase activity as a function of log[Ca2*]see Was generated using Origin
software. SigmaPlot software was used for non-linear curve fitting and kinetic parameter
calculations. Data points were fit to an equation, which represents a cooperative model of
the Michaelis-Menten equation to determine Ky,

n

Enzyme ratc:vnlaX[Ca2+]

free free’

/K" +[Ca?t)"

where Vax i the maximum activity, n is the Hill coefficient, and Ky, is the substrate
concentration at half maximum of enzyme activity.

2.12.2. Quantification of SERCA3b in microsome preparations using
densitometry and amino acid analysis—To quantify SERCAZ3Db in isolated
microsomes, we designed a protocol based on the absolute quantification of a reference
standard, ATP2A3, which is a partial sequence of SERCA3 fused to a GST tag. The
construct ATP2A3 contains a 1:1 stoichiometry of GST and the partial sequence of
SERCAZ3b. Hence, absolute quantification of GST in ATP2A3 permits the absolute
quantification of the partial sequence of SERCA3Db.
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For the absolute quantification of GST in ATP2A3, we first generated an independent GST
standard using commercially available GST. In this standard, the GST concentration was
determined by amino acid analysis, and subsequently a defined amount of GST was blotted
on a PVDF membrane, and Western blot analysis was performed using an anti-GST
antibody. This Western analysis served to create a response factor for subsequent
quantification of ATP2A3 with the anti-GST antibody to generate a reference standard for
the SERCAZ3D partial sequence in ATP2A3. A standard curve generated with known
amounts of ATP2A3 was then used for Western blot quantitation of SERCA3b in isolated
microsomes. The ATP2A3 mouse monoclonal antibody raised against partial recombinant
ATP2A3, which recognizes SERCA3 proteins of human origin, was used as the primary
antibody.

Densitometry analysis after Western blotting was carried out as explained above without
background subtraction. The band with the highest peak area, which corresponds to the
darkness and size of the band, was selected and the relative peak areas of all bands on
Western blot were calculated relative to the selected band.

Amino acid analysis of GST was performed as previously described [37]. Protein samples
were gas phase hydrolyzed with 6N HCI in the presence of 1% (w/v) phenol for 22 hrs at
110°C under vacuum. The resultant amino acids were derivatized using o-phthalaldehyde.
Derivatized amino acids were analyzed by reversed-phase HPLC (Varian 9050) with UV
detection (Varian 9050) at A=335 nm, and the amounts of selected amino acids were
calculated relative to a chosen amino acid standard. A mixture of amino acids as external
calibration standards, along with alanine, was used in this analysis and the normalized peak
area of alanine was used to construct a calibration curve. The amino acid separation
conditions were as follows. The C-18 column (250 x 4.6 mm) was pre-heated to 35°C, and
equilibrated with mobile phase A (95% 25 mM NaAc, pH 5.8 and 5% THF). The amino acid
derivatives were eluted by a linear gradient changing mobile phase B (95% MeOH and 5%
THF) in the following way with a flow rate of 0.7 mL/min: 5% to 15% within 0.5 min, 15%
to 45% within 20 min, 45% to 90% within 40 min.

3.1. Expression and quantification of SERCA3b

Microsomes isolated from human SERCA3b overexpressing HEK-293 cells were used as
the source of human SERCA3b. The human SERCA3-specific PL/IM430 antibody was used
to monitor human SERCA3b protein expression. Western blot analysis recognized a single
band at ~100 kDa that corresponds to the theoretical molecular weight of SERCA3b (114
kDa) [38]. To quantify the content of SERCA3D in isolated microsomes, we selected as a
reference ATP2A3, a commercially available partial sequence of SERCAS3 fused to a GST
tag. ATP2A3 represents a 353 amino acid construct with a molecular weight of 38.83 kDa,
containing a sequence identical to the 501-621 amino acid sequence of SERCA3. A
calibration curve generated with known amounts of GST was used to determine the GST
content in ATP2A3, which was ~0.01+0.007 nmol per 1 pug of ATP2A3 (n=3). Accordingly,
the content of SERCA3 in 1 ug of ATP2A3 is ~0.01+0.007 nmol. Subsequently, known
amounts of ATP2A3 were used to generate a response factor for the PL/IM430 antibody to
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quantify SERCA3b. For this, ATP2A3 and microsomal fractions from HEK-293 cells
overexpressing SERCA3b were blotted side by side. Figure 1 shows a calibration curve
obtained from an individual experiment using known amounts of ATP2A3, which was used
to quantify SERCA3b in microsomal preparations. A series of dilutions of ATP2A3 was
separated by SDS-PAGE alongside the microsomal proteins in three different experiments.

Through our calibration, we determined that the SERCA3b content is (7+3)x10~4 nmol per
1 pg of microsomal proteins isolated from SERCA3b overexpressing HEK-293 cells.

3.2. SERCA3Db activity in transfected HEK-293 cells

Using a series of different added Ca2* concentrations, the apparent affinity of SERCA3b for
Ca?* was determined as 1.57+0.19 pM and the Hill coefficient (n) as 1.04+0.13, by plotting
ATPase activity vs. [Ca2*]free (Figure 2). For reference, we also measured the Ca2*-
dependent activity of SERCAla (K1/,=0.524+0.05 pM, n=1.12+0.13), which is included in
Figure 2 (open symbols). Our value for the apparent Ca2* affinity of SERCA3b, 1.57+0.19
UM is in reasonable close agreement with reported values (1.1-1.8 uM) [8, 36, 39]. We note
that the published Ca2* affinity of SERCA3 was measured in different cell lines but was not
assigned to a specific isoform of SERCA3. The effect of Bcl-2A21 on the apparent Ca2*
affinity of SERCA3b was demonstrated in Figure S1 and the exogenous addition of
Bcl-2A21 did not significantly alter the apparent Ca?* affinity, as previously observed for
SERCAL.

3.3. The effect of Bcl-2A21 on the activity of SERCA3Db in vitro

Microsomes containing SERCA3b were incubated with known amounts of Bcl-2A21 in
order to test whether /n vitro Bcl-2A21 had an effect on SERCA3Db activity. Earlier, we had
shown that Bcl-2A21 and full-length Bcl-2 had similar effects on SERCAL in vitro [32]. The
ATP hydrolysis activity of SERCA3b was assayed in the absence and presence of Bcl-2A21
at a molar ratio of SERCA3b:Bcl-2A21=3:2. The Ca?*-ATPase activity at 0 min was
measured immediately following the addition of Bcl-2A21 to the microsomes. Incubation of
microsomes alone at 37°C resulted in a slight decrease of SERCA3Db activity over time. The
extent of SERCA3b inactivation was higher when Bcl-2A21 was added (Figure 3). In the
presence of thapsigargin, a potent inhibitor of the SERCA family, complete inhibition of
ATPase activity was observed, indicating that the measured ATP hydrolysis activity
corresponds to SERCA activity.

3.4. Co-immunoprecipitation of SERCA3b with Bcl-2A21 in vitro

Co-immunoprecipitation was used to explore the physical interaction of SERCA3b with
Bcl-2A21. In a control experiment, microsomes alone were incubated at 37°C for 1 hr and
subsequently 1 pg of the anti-Bcl-2 antibody was added, and the mixture was incubated at
4°C for 2 hrs. We observed that small levels of SERCA3b co-immunoprecipitated, likely via
interaction with endogenous Bcl-2 present in the microsomes (Figure 4A, lane 1). To a
separate sample of microsomes, we added Bcl-2A21 to a molar ratio of
SERCAZ3b:Bcl-2A21=1:30. Analysis with the PL/IM430 antibody revealed that significantly
higher levels of SERCA3b co-immunoprecipitated when exogenous Bcl-2A21 was present
in the microsomes (Figure 4A, lane 2). Western blot analysis with the anti-Bcl-2 antibody
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was used to detect the amount of endogenous Bcl-2 or added Bcl-2A21 associated with
SERCAS3b (Figure 4B).

Figure 4C shows a comparison of co-immunoprecipitations carried out with two different
molar ratios of SERCA3b to Bcl-2A21, 1:30 and 1:6, along with various controls.
Microsomes isolated from SERCA3b overexpressing cells alone (lane 1) and with Bcl-2A21
added to the microsomes (SERCA3b:Bcl-2A21=1:30) (lane 2) were incubated at 37°C for 1
hr followed by immunoprecipitation with the anti-Bcl-2 antibody. Western blot analysis with
PL/IM430 confirms the immunoprecipitation of SERCA3b. Lanes 5 and 6 represent a
similar experiment except for the different molar ratio of SERCA3b:Bcl-2A21=1:6. Despite
a lower amount of Bcl-2A21 used in the experiment shown in lane 6 (as compared to lane 2),
lane 6 indicates higher yields of SERCA3b co-immunoprecipitation. We have observed a
similar behavior during the co-immunoprecipitation of SERCA1 with Bcl-2A21
(unpublished results). It is possible that these results may be related to Bcl-2-induced
conformational changes of SERCA3b (see below) and SERCAL [32, 40]. Potentially the
unfolded [32, 40] form of SERCA has a different affinity to Bcl-2 resulting in a less efficient
co-immunoprecipitation. A lower ratio of Bcl-2A21 to SERCA3Db results in a less efficient
unfolding, and, consequently more efficient co-immunoprecipitation. Conversely, it is also
possible that a large excess of Bcl-2A21 will promote Bcel-2A21 dimerization, which may
lower the amount of Bcl-2A21 available for co-immunoprecipitation. Microsomes isolated
from HEK-293 cells not overexpressing SERCA3b incubated without (lane 3) and with
added Bcl-2A21 (lane 4), were included as controls. These data clearly indicate that both
purified Bcl-2A21 and endogenous Bcl-2 can form a stable immunocomplex with SERCA3b
in microsomal proteins, and this, once again, confirms the interaction of SERCA3b with
Bcl-2.

3.5. Sucrose density fractionation of microsomal proteins and effect of Bcl-2A21

We used sucrose density fractionation of microsomes to evaluate whether Bcl-2A21
displaces SERCA3b from membrane domains, which we referred to as caveolae-related
domains [40]. When microsomes alone were fractionated, SERCA3b was confined to the
low-density sucrose fraction (Figure 5B). To study the effect of Bcl-2A21 on the distribution
of SERCAZ3D, purified Bcl-2A21 was added to microsomes at a molar ratio of
SERCAZ3b:Bcl-2A21=1:28. We observed that the addition of Bcl-2A21 resulted in a partial
shift of SERCA3Db to higher-density fractions (Figure 5A, lanes 6-9). These data are
consistent with our earlier in vitro experiment with SERCAL [40]. Higher molecular weight
bands (>100k Da) in Figure 5 represent SERCA3b aggregates. The differential aggregation
of SERCAZ3D in the presence and absence of Bcl-2A21 may depend on the relative amount
of SERCAZ3D in the fraction.

3.6. SERCA3Db interacts with Bcl-2 in cell culture

In the following, we will provide evidence for the inactivation of Bcl-2 with SERCA3b in
cell culture. For this, Bcl-2 was transiently expressed in SERCA3b-overexpressing cells.
SERCA activity was measured in both preparations and the activities were normalized to the
amount of SERCA3b present in the preparations. Figure 6A presents the data collected from
five replicates of the same microsome preparation, which clearly show that co-expression of
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Bcl-2 in SERCA3b-overexpressing cells leads to a reduction of SERCA activity in
microsomes isolated from these cells. The partial inactivation of SERCA3b by Bcl-2
overexpression was observed in at least eight independent experiments (see Figure S2 in the
Supplementary Information). The percentage inhibition of SERCA3b activity ranged
between 19% and 62%, probably due to the variation in Bcl-2 expression levels as a result of
transient transfection. Figure 6B shows the average Ca2*-ATPase activity in SE3/Vec and
SE3/Bcl-2 of eight different microsome preparations. There was no significant change in the
expression level of SERCAZ3Db as a result of Bcl-2 expression in comparison to only
SERCAZ3b-overexpresing cells, but a significantly higher Bcl-2 expression level was
detected using transient transfection with the Bcl-2 vector.

In both SERCA3b and Bcl-2 overexpressing cells, there was a higher molecular weight band
very close to the Bcl-2 band and both were recognized by the Bcl-2 antibody (Figure S4).
This may represent the phosphorylated form of Bcl-2. We, therefore, analyzed microsomes
isolated from SE3/Vec and SE3/Bcl-2 using Thr56- and Ser70-phosphorylation sequence-
specific antibodies. We observed that Thr56 was phosphorylated in microsomes from both
SERCAZ3b- and Bcl-2-overexpressing microsomes (SE3/Bcl-2). It is reported that Bcl-2
phosphorylation stimulates its anti-apoptotic functions [41, 42].

It has been reported that G145 is a highly conserved residue in the Bcl-2 protein family, and
that G145E mutation abolishes the anti-apoptotic functions of Bcl-2 [43, 44]. If Bcl-2-
dependent SERCA inactivation is significant for apoptosis, we would expect that the
G145E-Bcl-2 mutant should not inactivate SERCA3b. To assess the effect of G145E-Bcl-2
on SERCA3b, we measured the SERCA activity in microsomes isolated from SERCA3b-
overexpressing HEK-293 cells (SE3), SERCA3b overexpressing cells transfected with
empty vector (SE3/Vec), SERCA3b overexpressing cells transfected with Bcl-2 DNA (SE3/
Bcl-2), and SERCA3b overexpressing cells transfected with G145E-Bcl-2 DNA (SE3/
G145E) (Figure 7). A similar experiment was carried out as explained in 2.3 except serum
was introduced into the cell culture media immediately after the transfection (Figure S3).
The ATPase activities were normalized to the amount of SERCA3b. The expression levels of
SERCAZ3b, Bcl-2 and G145E were analyzed using Western blotting, and significantly higher
levels of both Bcl-2 and G145E proteins were observed by transient transfection when
compared to the level of endogenous Bcl-2 in SERCA3b-overexpressing cells. The activity
difference between SE3/Bcl-2 and SE3/G145E represents the effect of Bcl-2 on the activity
of SERCAZ3b. There is a significant difference for SERCA3b inactivation between SE3/
Bcl-2 and SE3/G145E, which parallels the anti-apoptotic function of Bcl-2[43, 44].

3.7. FITC labeling of SERCA in microsomes from HEK-293 cells overexpressing SERCA3b

and Bcl-2

FITC specifically reacts with Lys515 on SERCA, and the reaction with FITC is a measure of
the structural integrity of the nucleotide-binding domain (N-domain) of SERCA [45]. FITC
reaction with SERCA3b was analyzed using microsomes isolated from SERCA3b-
overexpressing cells transfected with either empty vector or Bcl-2 encoding vector. Figure 8
indicates that the reaction of FITC with SERCA was significantly reduced in cells, which
overexpress both SERCA3b and Bcl-2 compared to cells, which overexpress only
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SERCA3b. The decrease in FITC labeling of SERCA is consistent with a change of
structural integrity of the N-domain, and likely the overall conformation of SERCA. These
results are consistent with our /n vitro experiment, in which we observed Bcl-2A21-
dependent loss of SERCAL FITC labeling [33]. Under our experimental conditions, FITC
predominantly labeled SERCA3b; however, labeling of other proteins was also visible when
the blot was exposed for longer time periods.

3.8. Co-immunoprecipitation of SERCA3b and Bcl-2 from microsomes of HEK-293 cells
overexpressing both SERCA3b and Bcl-2

Microsomes isolated from HEK-293 cells overexpressing SERCA3b alone co-
immunoprecipitated less SERCA3b with Bcl-2 than HEK-293 cells overexpressing both
SERCAZ3b and Bcl-2 (Figure 9, lanes 1 and 2). The data displayed in Figure 4C show that a
higher Bcl-2:SERCA3b ratio resulted in less co-immunoprecipitation of both proteins (lanes
2 and 6). This is rationalized by Bcl-2-dependent structural changes which results in
SERCAZ3b less available for co-immunoprecipitation. /n7 vitro, we have shown that
prolonged incubation of SERCAla with Bcl-2A21 resulted in a decrease of co-
immunoprecipitation (unpublished results). For example, while a 15 min incubation of
SERCA1la in SR membranes with Bcl-2A21 resulted in efficient co-immunoprecipitation,
extending the incubation time to >45 min resulted in a significant decrease of the yields of
co-immunoprecipitated SERCAla (unpublished results).

4. Discussion

Elevated Bcl-2 expression in cancer cells is well known [46]. An increasing number of
publications show significant roles of SERCAS3 isoforms in various pathologies and
physiologic processes. For example, diminished expression and mutations of SERCA3 have
been reported for cancer, such as colon and gastric cancer [47, 48]. SERCA3 may be
required for nitric oxide synthase activity in platelets, compromised by hypertension [49].
Knockout of SERCAS significantly impairs endothelium-dependent relaxation of vascular
smooth muscle [50], likely associated with impaired activation of nitric oxide synthase.
SERCAZ3 levels are induced during differentiation of various cell types, and in cancer cells
SERCAZ3 displays a complex pattern of up- and downregulation during cell differentiation
and at various stages of cancer [51]. This pattern of up- and downregulation is sufficiently
distinct that SERCAS3 expression has been suggested as a tumor marker to evaluate the
progression of cancer [52]. An important distinction can be made between SERCA2- and
SERCAZ3-associated storage of calcium [51, 53]. For example, in control HL-60 cells
SERCA-dependent calcium uptake proceeds ca. 68% via SERCAZ2b, into a SERCA2-
associated compartment, and 32% via SERCA3 into a SERCA3-associated compartment. In
contrast, differentiated HL-60 cells display the opposite behavior, where ca. 60% of calcium
is taken up via SERCAZ3 into a SERCA-associated pool, and 40% via SERCA2b into a
SERCAZ2-associated pool. Noteworthy, SERCAS3 has a significantly lower calcium affinity
compared to SERCAZ2, indicating major differences in calcium transport between control
and differentiated HL-60 cells.
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Our investigation of Bcl-2 and SERCAS interaction may provide important additional
information on the mechanisms of Bcl-2 action. Evidence for the interaction of Bcl-2 with
SERCA was first documented by Kuo et al. using co-immunoprecipitation studies of Bcl-2
with SERCAla [30]. Subsequently, Dremina et al. published evidence for a direct /in vitro
interaction of Bcl-2 with SERCA1a using SR fractions and both purified Bcl-2A21 and
Bcl-2 [32].

Our data show that Bcl-2 interacts with and partially inhibits SERCA3b /n vitroand in cell
culture. A partial inactivation of SERCA is biologically more meaningful while a complete
inhibition might cause ER Ca2* levels to drop too much, followed by UPR-induced
apoptosis due to ER stress. FITC is considered as a marker of the structural integrity of the
N-domain of SERCA. FITC specifically labels Lys515 of SERCA, which is located close to
the nucleotide binding site of the N-domain [35, 45]. Our FITC labeling data suggest that the
N-domain of SERCA3b may be involved in the mechanism of Bcl-2/SERCA3Db interaction.
Therefore, partial inactivation of SERCA3Db by Bcl-2 may be a consequence of a physical
change in the N-domain. Any structural damage to the N-domain could influence its
mobility and cause SERCA inactivation; interestingly, it was reported that the pre-incubation
of SERCA with ATP prior to the reaction with hydroxyl radicals protected SERCA from
hydroxyl radical-induced inactivation [54]. It is, however, also possible that the overall
conformation of SERCAZ3D is altered by the Bcl-2 interaction, and, as a result, FITC labeling
capacity of SERCAZ3b is decreased.

The concept of a Bcl-2-induced SERCA3b conformational transition would be consistent
with our co-immunoprecipitation data. Here, less efficient co-immunoprecipitation was
detected in the cells which contained high levels of Bcl-2. High Bcl-2 levels would cause
unfolding of SERCA3b, which could lead to less efficient co-immunoprecipitation,
potentially due to a different affinity of unfolded SERCA3b to Bcl-2. However, we note that
higher levels of Bcl-2 also increase the potential for Bcl-2 dimerization (or interaction with
other Bcl-2 family proteins), potentially decreasing the amount of Bcl-2 monomers available
for interaction with SERCA.

Bcl-2 expression levels and cell viability are closely correlated. Although the overexpression
of Bcl-2 would be expected to promote cell survival, loss of cell viability has also been
reported [55, 56], and it was speculated that high Bcl-2 levels endorse Ca?*- and ROS-
dependent apoptosis. On the other hand, moderate levels of Bcl-2 expression always
preserve normal cell viability and high levels of Bcl-2 lead to abnormal cell loss [57]. We
observed in our experiments that a fraction of HEK-293 cells encoding SERCA3b lost
viability after additional Bcl-2 transfection. This observation might be rationalized by an
ER-stress-induced cell death due to SERCA inactivation.

SERCA:s are regulated by two low molecular weight proteins, phospholamban (PLB) and
sarcolipin (SLN) [58]. PLB is expressed at higher levels in the heart where it regulates
SERCA2 by changing the pump’s affinity for Ca2* depending on the phosphorylation state
of PLB [59]. The co-expression of SLN with SERCAla or SERCAZ2a in HEK cells
decreased the apparent Ca2* affinity of the SERCA pump, suggesting that SLN acts as an
inhibitor. When SLN was co-expressed with PLB, a super-inhibitory effect was observed

Biochim Biophys Acta. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hewarathna et al.

Page 14

[60]. In addition to SLN and PLB, there are a few other proteins reported to interact with
SERCA2: sarcalumenin [61], histidine rich Ca2*-binding protein [62], Bcl-2 [63],
calreticulin and calnexin [64].

The SERCA family consists of three major isoforms, SERCAL, SERCA2 and SERCAS3,
where SERCAZ3 displays unique characteristics, such as a reduced apparent affinity for Ca2*.
The physiological relevance of such functional differences between different SERCA
isoforms is yet to be evaluated. It may be possible that different isoforms function at
different Ca?* concentrations and, therefore, SERCA3 might be involved in Ca2* transport
under at Ca2* concentrations. It is also important to note that members of the SERCA family
share a high degree of similarities in their basic structure. Nevertheless, a slight variation in
the sequence causes different susceptibilities towards HoO»-induced inactivation where
SERCAZ2b is inactivated more efficiently than SERCAS3 [65].

In summary, Bcl-2 interacts with and inhibits the SERCA3b isoform both in vitroand in cell
culture, and SERCAZ3b inactivation is accompanied with a Bcl-2-dependent conformational
change of SERCA3b.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Bcl-2A21 interacts with and partially inhibits SERCA3b isoform.
. Bcl-2 interacts with and partially inhibits SERCA3b in cell culture.
. Both exogenous Bcl-2A21 and endogenous Bcl-2 could form a stable

immunocomplex with SERCA3b.

. Overexpression of Bcl-2 reduced fluorescein isothiocyanate (FITC)
labeling of SERCA3b.
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Figure 1. Quantification of SERCA3b in microsomes isolated from SERCA3b overexpressing
cells

ATP2A3 and GST were used as described in 2.12.2. First, we quantified recombinant GST
and used it as a standard to determine the concentration of ATP2A3. In the final step, we
used ATP2A3 as a standard to quantify SERCA3b in microsomal fractions. Top: 2 ug, 4 ug,
5 ug and 6 pg of microsomal proteins were loaded onto the gel, along with different amounts
of ATP2A3, and Western blot analysis was done with the anti-ATP2A3 antibody. Bottom: A
calibration curve was generated by densitometry using relative peak area of ATP2A3 as
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explained in 2.12.2 (For ATP2A3 amounts >0.45 g, we observed signal saturation in the
Western blot; these data points were excluded from the calibration).
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Figure 2. Ca2+-dependent ATPase activity of SERCA3b and SERCAla at 30°C
Ca%*-ATPase activity of SERCA3b and SERCAla was determined separately using

microsomes isolated from SERCA3b-encoding vector transfected HEK-293 cells and rat
skeletal-muscle SR vesicles, respectively.
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Figure 3. The inhibition of Ca?*-ATPase activity of SERCA3b by Bcl-2A21
The Ca?*-ATPase activity of SERCA3b was assayed in the presence and absence of

Bcl-2A21 at 37°C. Incubation of microsomes isolated from SERCA3b overexpressing cells
with Bcl-2A21 (molar ratio of SERCA3b:Bcl-2A21=3:2) results in a partial inhibition of
SERCAZ3b activity over time. The values shown are the mean+S.E. for three sample
replicates; S.E. smaller than symbols are not visible.
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Figure 4. Co-immunoprecipitation of SERCA3b with Bcl-2A21 at different SERCA3b:Bcl-2A21
molar ratios

(A) Lane 1: microsomes isolated from SERCA3b overexpressing cells without added
Bcl-2A21; lane 2: microsomes isolated from SERCA3b overexpressing cells with added
Bcl-2A21; immunoprecipitation with anti-Bcl-2 antibody and analysis with the PL/IM430
antibody. (B) The membrane used in Figure 4A was stripped and reprobed with the anti-
Bcl-2 antibody. Very intense bands around 55 kDa in both A and B might represent the non-
specific binding of antibody heavy chains (HC of IgG). (C) Lane 1: microsomes isolated
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from SERCA3b-encoding vector transfected cells alone; lane 2: microsomes isolated from
SERCAZ3b-encoding vector transfected cells and Bcl-2A21 were incubated at a molar ratio of
SERCAZ3b: Bcl-2A21 =1:30 at 37°C; lane 3: microsomes isolated from empty vector
(without the sequence for SERCA3b) transfected cells; lane 4: microsomes isolated from
empty vector (without the sequence for SERCA3b) transfected cells and added Bcl-2A21;
lane 5: microsomes isolated from SERCA3b overexpressing cells alone; lane 6: microsomes
isolated from SERCA3b overexpressing cells and added Bcl-2A21 were incubated at a molar
ratio of SERCA3b: Bcl-2A21=1:6 at 37°C.
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Figure 5. Effect of Bcl-2A21 on the distribution of SERCA3b in sucrose-density gradient
fractions

Microsomes isolated from SERCA3b-overexpressing HEK-293 cells were incubated with
Bcl-2A21 (molar ratio of SERCA3b:Bcl-2A21 ~1:28) (A) and without Bcl-2A21 (B) at 37°C
for 1 hr followed by sucrose density gradient separation. Fractions (1-9) from the sucrose
gradient were collected and analyzed by Western blotting with the PL/IM430 antibody.
Higher molecular weight bands that are above SERCA3b bands show aggregation of
SERCAS3b.
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Figure 6. Bcl-2 inhibits Ca?*-ATPase activity of SERCA3b
Ca?*-ATPase activity of SERCA3b was measured using microsomes isolated from HEK-293

cells transfected with a cDNA construct without the sequence for Bcl-2 (SE3/Vec) and
microsomes isolated from HEK-293 cells transfected with a Bcl-2-encoding vector (SE3/
Bcl-2). Ca2*-ATPase activities were normalized to the SERCA3b content in each sample
and levels of SERCA3b and Bcl-2 were revealed by Western blotting with PL/IM430 and
anti-Bcl-2 antibody, respectively. Data from an individual experiment are shown in (A). The
values shown are the mean+S.E. for five sample replicates; the same trend was observed in
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eight different microsome isolations (Figure S2 in the Supplementary Information). Average
Ca?*-ATPase activities of eight independent experiments are shown in (B). Ca2*-ATPase
activities were normalized per 1 pg of microsomal proteins and then that value was divided
by peak area of SERCA3b bands to determine the activity per unit SERCA3b.
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Figure 7. The effect of Bcl-2 and G145E-Bcl-2 expression on Ca2*-ATPase activity of SERCA3b
To test the effect of Bcl-2 and G145E-Bcl-2 expression on the activity of SERCA3Db,

HEK-293 cells expressing SERCA3b were transfected with a Bcl-2-encoding vector and
G145E-Bcl-2-encoding vector, respectively. Experiments were carried out using microsomes
isolated from cells expressing SERCA3b (SE3), microsomes isolated from cells transfected
with a cDNA construct without the sequence for Bcl-2 (SE3/Vec), microsomes isolated from
cells transfected with a Bcl-2-encoding vector (SE3/Bcl-2) and microsomes isolated from
cells transfected with a G145E-Bcl-2-encoding vector (SE3/G145E). Levels of SERCA3b
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and Bcl-2 were revealed by Western blotting with PL/IM430 and anti-Bcl-2 antibody,
respectively. The Ca?*-ATPase activity in each sample was determined using five replicates
and meanzS.E. values are shown.
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Figure 8. FITC labeling of SERCA
Top: Microsomes isolated from HEK-293 cells transfected with a cDNA construct without

the sequence for Bcl-2 (Mec) and microsomes isolated from HEK-293 cells transfected with
a Bcl-2-encoding vector (Bcl-2) were labeled with FITC followed by densitometry. The
graph shows a summary of six experiments after normalizing to the amount of SERCA3b
present in each sample. Bottom: A representative western blot showing FITC labeling of
SERCA3b in Vec and Bcl-2 samples (A). The amount of SERCA3b in each sample is also
shown (B).
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Figure 9. Co-immunoprecipitation of SERCA3b with Bcl-2
Co-immunoprecipitation was carried out using microsomes of HEK-293 cells

overexpressing SERCA3b (Vec) and microsomes of HEK-293 cells overexpressing
SERCAZ3b and Bcl-2 (Bcl-2) with the anti-Bcl-2 antibody followed by Western blotting with
PL/IM430 antibody. Data from two different microsome isolations (first and second) are
shown. Lane 1 and 2 show the first experiment and Lane 3, 4, 5 and 6 show the second
experiment. Lane 5 and 6 show control samples run without the anti-Bcl-2 antibody.
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