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Abstract.
Background: Oculopharyngeal muscular dystrophy (OPMD), a late onset disorder affecting specific skeletal muscles, is caused
by a (GCG)n expansion mutation in the gene encoding the mRNA processing protein, polyadenylate binding protein nuclear 1
(PABPN1). The expansion in PABPN1 leads to an increase in a stretch of N-terminal alanine residues in the PABPN1 protein
from the normal 10 to 12-18. Given this modest change, detection of mutant protein has not been possible without the use of
tagged constructs.
Objective: We sought to generate a polyclonal antibody that recognizes alanine-expanded but not wild type PABPN1 with the
goal of making possible analysis of expression and localization of alanine-expanded PABPN1.
Methods: We immunized rabbits with a GST-tagged alanine peptide and tested the resulting serum against alanine-expanded
PABPN1 expressed in cell culture as well as in animal models of OPMD.
Results: The resulting �-alanine antibody detected PABPN1 proteins that contained 14 or more alanine residues. Importantly,
the �-alanine antibody could be used to detect alanine-expanded PABPN1 in muscles from either a mouse or Drosophila model
of OPMD.
Conclusions: This �-alanine antibody provides a new tool that will allow for more in-depth study of how alanine expansion
affects aggregation, localization, and steady-state levels of alanine-expanded PABPN1 levels in vivo, providing new insight into
the molecular mechanisms underlying OPMD.
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INTRODUCTION

Oculopharyngeal muscular dystrophy (OPMD) is a
late onset disorder that affects specific skeletal muscles
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including the levator palpebrae superioris, pharyngeal
muscles, and proximal limb muscles [1]. Patients typi-
cally develop symptoms in the fifth decade that include
ptosis, dysphagia, and loss of mobility [1]. OPMD
decreases quality of life for affected individuals as
they are prone to choking, aspiration pneumonia, and
may be confined to a wheelchair in later stages of
disease [1]. Currently, no pharmacologic treatments
are available for OPMD.

The majority of individuals with OPMD harbor an
autosomal dominant (GCG)n expansion mutation in
the gene encoding the polyadenylate-binding protein

ISSN 2214-3599/15/$35.00 © 2015 – IOS Press and the authors. All rights reserved

This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License.

mailto:acorbe2@emory.edu
mailto:gpavlat@emory.edu


440 K.E. Vest et al. / An Antibody to Detect Alanine-Expanded PABPN1

nuclear 1 (PABPN1) [2]. This mutation causes the
PABPN1 protein, which normally contains ten N-
terminal alanine residues immediately following the
initial methionine, to expand to 12–18 alanine residues
[2, 3]. The alanine expansions in PABPN1 that cause
OPMD are rather modest and cause little change in
the molecular weight or net charge of PABPN1 so
distinguishing the mutant protein from the wild type
one has not been possible [4]. Therefore, one of
the biggest challenges for study of alanine-expanded
PABPN1 is the inability to specifically detect the
mutant protein. Previous in vitro studies have relied on
tagged fusion proteins for detection of mutant PABPN1
[5–7]. In vivo studies in flies and mice that have
focused on localization of PABPN1 have used anti-
bodies to the wild type protein only and thus have
not been able to assess localization of the alanine-
expanded protein specifically [8, 9]. To provide more
detailed analysis of PABPN1, new tools are required
that can distinguish wild type from alanine-expanded
PABPN1.

A number of diseases are caused by amino acid
expansions of varying lengths [10, 11]. Such dis-
eases are not limited to the modest increase found
in OPMD but are often due to large expansions.
For example, polyglutamine expansions in huntingtin
protein cause Huntington’s disease [12]. As polyglu-
tamine expansions in the huntingtin protein number
in the tens to hundreds of additional residues, the
expanded protein can be readily distinguished from
wild type by SDS-PAGE and immunoblotting [12].
However, polyglutamine-specific antibodies have been
developed as potential therapeutics against aggregated
huntingtin [13, 14]. The anti-polyglutamine antibodies
were produced by immunizing animals with tagged
polyglutamine fusion proteins and could specifically

detect expanded huntingtin [13]. Unlike huntingtin,
the modest alanine expansion in PABPN1 that
causes OPMD does not result in a major size or
charge difference. Thus, creating a reagent to specif-
ically detect alanine-expanded PABPN1 presents a
challenge.

In this study, we sought to generate antibodies
against alanine-expanded PABPN1. We applied a sim-
ilar strategy to that previously employed to raise
anti-glutamine antibodies [13, 14] and used a GST-
tagged alanine peptide as the antigen. The resulting
�-alanine antibody detects alanine-expanded PABPN1
overexpressed in cultured cells as well as in animal
models of OPMD. This newly developed antibody to
alanine-expanded PABPN1 provides a new tool for the
study of OPMD.

MATERIALS AND METHODS

Plasmids, cloning, constructs

An oligonucleotide encoding a 20 Alanine peptide
was cloned into pGEX4T-3 (Amersham Biosciences)
to create the construct containing glutathione-S-
transferase containing 20 carboxy-terminal alanine
residues (GST-A20). Constructs were confirmed by
dideoxynucleotide sequencing using the pGEX-F
primer (Amersham Biosciences). The PABPN1 A10
(WT) and PABPN1 A13-17 constructs were cloned
into the pCDH expression vector (System Biosciences,
Mountain View, CA) containing a 6x-His tag (Table 1).
Constructs encoding RUNX2 WT and RUNX2 A27
were cloned into the expression vector pTL1-HA,
which contains an HA tag [15].

Table 1
Primers Used for Cloning WT and Alanine-Expanded PABPN1

Primer Sequence

PABPN1 5′CGGAATTCGCCACCATGGCGGCGGCGGCGGCGGCGGCAGCAGCAGCGGGGGCT
WT F GCGGGCGGTCGGGGCTCCGGGCCGGGGCGGCGGCGCCATCTTGTG-3′
PABPN1 5′-GAATTCGCCACCATGGCGGCGGCGGCGGCGGCGGCAGCAGCAGCAGCAGCAGC
A13 F GGGGGCTGCGGGCGGTCGGGGCTCCGGGCCGGGGCGGCGGCGCCATC-3′
PABPN1 5′-GAATTCGCCACCATGGCGGCGGCGGCGGCGGCGGCGGCAGCAGCAGCAGCAGC
A14 F AGCGGGGGCTGCGGGCGGTCGGGGCTCCGGGCCGGGGCGGCGGCGC-3′
PABPN1 5′GAATTCGCCACCATGGCGGCGGCGGCGGCGGCGGCGGCGGCAGCAGCAGCAGC
A15 F AGCAGCGGGGGCTGCGGGCGGTCGGGGCTCCGGGCCGGGGCGGCGG-3′
PABPN1 5′GAATTCGCCACCATGGCGGCGGCGGCGGCGGCGGCGGCGGCGGCAGCAGCAGC
A16 F AGCAGCAGCGGGGGCTGCGGGCGGTCGGGGCTCCGGGCCGGGGCGG-3′
PABPN1 5′CGGAATTCGCCACCATGGCGGCGGCGGCGGCGGCGGCGGCGGCGGCGGCGGCG
A17 F GCGGCAGCAGCAGCGGGGGCTGCGGGCGGTCGGGGCTCCGGGCCGGG-3′
PABPN1 R 5′-TAAGGGGAATACCATGATG-3′
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Recombinant protein expression and purification

GST-A20 was expressed from pGEX4T-3 in
Escherichia coli BL21(DE3) as described [16].
Recombinant GST-A20 was purified from soluble cell
extracts with glutathione-sepharose as described [16].
Expression and purification of recombinant GST-A20
was confirmed by SDS-PAGE followed by Coomassie
staining. For expression of WT and alanine-expanded
PABPN1 and RUNX2, HEK 293 cells were trans-
fected using lipofectamine 2000 (Invitrogen, Carlsbad,
CA) following the manufacturer’s protocol. Trans-
fected cells were grown for 48 hours at 37◦C after
which total protein was extracted using RIPA-2 cell
lysis buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl,
1% Triton X-100, 0.5% sodium deoxycholate, 0.1%
SDS) [17].

Animals

Two New Zealand white rabbits were used for anti-
body production. As a mouse model of OPMD, two-
month-old male wild type, A10.1, and A17.1 trans-
genic mice (kindly provided by Dr. David Rubinsztein)
were used for immunoblots and immunofluorescence
studies [8]. Mice were genotyped using the following
primers: F: 5′-GAGCGACATCATGGTATTCCC-3′;
R: 5′-AGGACTGACACGTGCTACGA-3′ to detect
the A10.1 or A17.1 Pabpn1 allele. Experiments
involving animals were performed in accordance
with approved guidelines and ethical approval from
Emory University’s Institutional Animal Care and Use
Committee.

All fly stocks and crosses were maintained under
standard conditions. UAS-PABPN1 and UAS-PABPN1-
17ala flies were a gift from the Simonelig laboratory
[9]. The Mhc-Gal4 driver was used to drive transgene
expression in muscles.

SDS-PAGE and immunoblot

Sera, cell lysates, and homogenized tissue were pre-
pared and analyzed by SDS-PAGE as described [18]
using Any kD™ Mini-PROTEAN® TGX gels (Bio-
Rad Laboratories, Hercules, CA). Unless otherwise
noted, 50 �g cell lysate containing recombinant pro-
teins or 20 �g of mouse muscle extracts were loaded
onto gels. For flies, 10 adult flies of each genotype
were homogenized in sample buffer (50 mM Tris HCl,
100 mM DTT, 2% SDS, 0.1% Bromophenol Blue, 10%
Glycerol) and equal amounts of total protein were
loaded onto gels. Resolved proteins were transferred

to nitrocellulose paper and blocked with 10% nonfat
milk in Tris-buffered saline pH 7.4, with 0.1% Tween-
20 (TBS-T). Blots were probed overnight at 4◦C with
primary antibody diluted 1:5000 in TBS-T with 5%
nonfat milk unless otherwise noted. Primary antibod-
ies used were rabbit polyclonal �-alanine 20 diluted
(1:1000), rabbit polyclonal �-PABPN1 [19], rabbit
polyclonal �-His tag (Cell Signaling Technology, Bev-
erley, MA), mouse monoclonal �-HSP90 (Santa Cruz
Biotechnology, Dallas, TX), mouse monoclonal �-HA
(Covance, Princeton, NJ), mouse monoclonal �-
�Tubulin (Sigma Aldrich, St. Louis, MO), or mouse
monoclonal �-lamin D (1:250, ADL84.12, Develop-
mental Studies Hybridoma Bank, Iowa City, Iowa).
Blots were washed in TBS-T and probed for 1–3
hours at room temperature with secondary antibod-
ies diluted 1:5000 in TBS-T. Secondary antibodies
used were horseradish peroxidase (HRP) conjugated
donkey �-rabbit IgG or HRP conjugated goat �-
mouse IgG (Jackson ImmunoResearch Laboratories,
West Grove, PA).

Antibody production

Polyclonal antibodies were produced in rabbits as
described [20]. Rabbits were given one primary immu-
nization with 100 �g purified GST-A20 in phosphate
buffered saline (PBS) with complete Freund’s adju-
vant. Three booster immunizations containing 50 �g
GST-Ala20 in PBS with incomplete Freund’s adju-
vant were administered at 21, 42, and 63 days after
initial immunization. Blood was collected via central
ear artery, allowed to clot for one hour at 37◦C, and
serum was removed by centrifugation. Small volume
(10 ml) blood collection was performed prior to immu-
nization and at days 32 and 53 after immunization.
Large volume (50 ml) blood collection and euthanasia
was performed 74 days after immunization.

Immunostaining

Mouse tibialis anterior muscles were dissected
and immediately flash frozen in TFM Tissue Freez-
ing Medium (Triangle Biomedical Sciences, Durham,
NC). Tissues were cryosectioned at 14 �m thickness
every 140 �m on a Leica CM1850 cryostat and fixed
with 4% paraformaldehyde for 5 minutes. All reac-
tions were performed at room temperature unless
otherwise noted. Antigen retrieval was performed
in a pressure cooker using sodium citrate buffer as
described [21]. After antigen retrieval, tissue sections
were treated with mouse IgG blocking reagent mouse
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kit (Vector Laboratories, Burlingame, CA) and incu-
bated overnight at 4◦C in primary antibody diluted
1:200 in blocking buffer. In all cases, rabbit pre-
immune serum was used as a negative control. Slides
probed with �-WT PABPN1 primary antibody were
washed and treated with FITC-conjugated donkey anti-
rabbit IgG (Jackson ImmunoResearch Laboratories,
West Grove, PA) diluted 1:200 in PBS with 0.2%
Triton X-100 (PBS-Tx). Tyramide signal amplifica-
tion kits (Invitrogen, Carlsbad, CA) were used for
slides treated with anti-Ala primary antibody accord-
ing to the manufacturer’s protocol. Briefly, slides
were incubated with biotin-conjugated donkey anti-
rabbit IgG diluted 1:200 in PBS-Tx, treated with
Tris-NaCl blocking buffer (TNB), and incubated with
streptavidin-HRP diluted 1:100 in TNB followed by
fluorescein tyramide reagent diluted 1:300 in manufac-
turer provided diluent. To visualize nuclei, all sections
were labeled with 4′, 6-diamidino-2-phenylindole
(DAPI) to stain DNA prior to visualization by fluo-
rescence microscopy.

RESULTS

Generation of polyclonal antibody in rabbit

Developing an antibody to detect mutant PABPN1 is
a major challenge as OPMD results from a very modest
expansion from 10 to 12–18 alanine residues in the
PABPN1 protein [3, 4]. Given this small increase in the
number of alanine residues in PABPN1, we chose to
raise an antibody against an alanine peptide rather than
the alanine-expanded PABPN1 protein. To maximize
the chances of detecting alanine expansions of various
lengths and to avoid the production of antibodies to the
alanine-GST tag interface, a 20-alanine residue peptide
was used. As described in Materials and Methods, we
generated an expression construct encoding the Ala
20 peptide attached to an N-terminal GST tag (GST-
A20) and expressed it in E. coli. Bacterial lysates were
separated by SDS-PAGE and the produced protein was
detected by Coomassie staining (Fig. 1A). The GST-
A20 was then purified using glutathione sepharose for
use in immunization (Fig. 1B).

Two rabbits, designated rabbit 1 and rabbit 2, were
used for antibody generation. To ensure that rabbits
had no endogenous antibodies to alanine peptides, sera
from initial bleeds of pre-immunized animals were
tested by immunoblot against recombinant PABPN1
expanded to 17 alanine residues, as A17-PABPN1 is
most commonly used for in vitro and in vivo stud-
ies of mutant PABPN1 [8, 9, 22–25]. Neither serum

Fig. 1. Production and purification of GST-A20 construct and gen-
eration of polyclonal antibody. A) Coomassie stained gel of bacterial
lysates showing presence of the 26 kDa recombinant GST-A20 con-
struct after inducing expression with IPTG for the indicated number
of hours. B) Affinity purification of the GST-A20 construct by frac-
tionation over glutathione sepharose resin and subsequent elution
with reduced glutathione. The 26 kDa construct was detected in
flow-through (FT) and the wash (W) and the majority was eluted in
Fractions 4 and 5. C) Immunoblot of 50 �g of lysates from HEK
293 cells transfected with empty plasmid (Ctrl) or plasmid encoding
wild type (A10) and alanine-expanded (A17) PABPN1 probed with
sera from immunized rabbits. PABPN1 protein was detected as a 50
kDa band as indicated [19].

sample showed any reactivity with A17-PABPN1 indi-
cating that neither animal had previously mounted an
immune response to alanine peptides (not shown). As
described in Materials and Methods, Rabbits 1 and 2
were given one primary and three booster immuniza-
tions of GST-A20 plus adjuvant. To determine whether
animals mounted an immune response to the GST-A20
fusion protein, blood samples were taken subsequent
to the first boost. Sera from the first bleed were tested
by immunoblot for reaction with recombinant GST-
A20. At this initial test, both animals showed robust
immune response to GST-A20. After the final bleed,
sera from both animals were tested against equal loads
of lysates from HEK 293 cells transfected with empty
vector, wild type (A10) PABPN1, or A17-PABPN1.
One animal (rabbit 2) showed specific reactivity with
A17-PABPN1 with no background signal in empty
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vector or A10-PABPN1 samples (Fig. 1C). Therefore,
serum from rabbit 2 was used as the polyclonal �-
alanine antibody for all subsequent analyses.

Anti-alanine antibody detects alanine repeats

Multiple approaches were used to test the specificity
of the polyclonal �-alanine antibody. The majority
of OPMD-associated expansions of PABPN1 range
from 12–17 alanine repeats [2] though patients with
A18-PABPN1 have been recently identified [2, 4]. To
test immunoreactivity to alanine-expanded PABPN1,
we transfected HEK 293 cells with plasmids encod-
ing His-tagged PABPN1 constructs with increasing
numbers of N-terminal alanine residues and performed
immunoblots to detect wild type or A13-17 PABPN1
with the �-alanine antibody. Robust reaction was
detected with A16- and A17-PABPN1 while milder
reactivity was observed for A14- and A15- PABPN1
(Fig. 2A). No bands were detected in lanes contain-
ing lysates from cells expressing wild type (A10) or
A13-PABPN1.

Multiple polyalanine proteins exist in mammalian
cells, many of which can be subject to alanine expan-
sions that cause disease [11]. To further analyze the
specificity of the �-alanine antibody, we tested another
polyalanine protein, RUNX2. The transcription factor
RUNX2, which is required for normal skeletal devel-
opment [26], contains a stretch of 17 alanine residues.
Expansion mutations resulting in A27-RUNX2 are
associated with the congenital disease cleidocranial
dysplasia [27]. To assess whether the �-alanine anti-
body detects wild type or alanine-expanded RUNX2,
HEK 293 cells were transfected with plasmids encod-
ing HA-tagged wild type (A17) and expanded (A27)
RUNX2. Immunoblotting with an �-HA antibody
confirmed that both proteins are expressed in HEK
293 cells (Fig. 2B). When probed with the �-alanine
antibody, both A17- and A27-RUNX2 proteins were
detected (Fig. 2B), indicating that the �-alanine anti-
body can detect alanine stretches in multiple proteins.

Plasmid-mediated expression of PABPN1 in HEK
293 cells results in much higher PABPN1 levels
than the level of endogenous PABPN1 in these cells
(Fig. 2A). To assess the sensitivity of the �-alanine
antibody, lysates from HEK 293 cells transfected with
plasmid encoding A17-PABPN1 were serially diluted
until PABPN1 levels, as detected by �-PABPN1 anti-
body that detects WT and A17-PABPN1 [19], were
similar to expression of the endogenous protein in
HEK 293 cells. At all dilutions tested, A17-PABPN1
could be detected with the �-alanine antibody (Fig. 3).

Fig. 2. Specificity of the �-alanine antibody. A) Immunoblot of
lysates from HEK 293 cells transfected with empty plasmid (Ctrl) or
plasmid encoding His-tagged wild type (A10) PABPN1 or PABPN1
expanded to 13–17 alanines probed with the �-Alanine antibody.
Blots were probed with �-His to confirm expression of recom-
binant protein and �-PABPN1 to detect PABPN1 protein. An
�-Tubulin antibody was used to detect tubulin as a loading control.
B) Immunoblot of lysates from untransfected HEK 293 cells (Ctrl) or
HEK 293 cells transfected with pTL-1 plasmid encoding HA-tagged
wild type (A17) RUNX2 or alanine-expanded (A27) RUNX2 probed
with the �-Alanine antibody. Blots were probed with �-HA to con-
firm protein expression and �-HSP90 was used to detect HSP90 as
a loading control.

Fig. 3. Sensitivity of the �-alanine antibody. Immunoblots of serial
dilutions of lysates from HEK 293 cells transfected with plasmid
encoding A17-PABPN1 probed with �-Alanine antibody. The total
amount of lysate (�g protein) loaded in each lane is indicated below
the immunoblot panels. Blots were probed with �-PABPN1 to detect
endogenous and recombinant PABPN1 protein and �-Tubulin was
used to detect tubulin as a loading control.

This result indicates that the �-alanine antibody is
sufficiently sensitive to detect endogenous levels of
A17-PABPN1.
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Use of α-alanine antibody in animal models
of oculopharyngeal muscular dystrophy

To test the utility of the �-alanine antibody, we
sought to detect alanine-expanded PABPN1 in animal
models of OPMD [8, 9]. We first analyzed a trans-
genic mouse model of OPMD. These mice contain
transgenic wild type (GCN)10 -PABPN1 (A10.1) or
expanded (GCN)17 -PABPN1 (A17.1) alleles under
the control of the human skeletal actin promoter [8],
which allows for constitutive transgene expression in
skeletal muscle tissue. As detected using an antibody
to wild type PABPN1, transgenic A10.1 and A17.1
animals express A10-PABPN1 or A17-PABPN1 at
levels 10-fold or 30-fold higher, respectively, than
endogenous PABPN1 [8]. We analyzed whole muscle
lysates from A10.1 and A17.1 mice by immunoblot
using the �-alanine antibody. As shown in Fig. 4A,
an immunoreactive band corresponding to the size
of A17-PABPN1 was detected specifically in muscle
tissue from A17.1 animals. Immunoblots were also
probed with a polyclonal �-PABPN1 antibody to con-
firm the presence of PABPN1 in both A10.1 and A17.1
lysates and detection of HSP-90 was used as a loading
control.

To determine whether the �-alanine antibody
can recognize A17-PABPN1 in tissue sections, we
immunostained muscle sections from A10.1 and A17.1
mice with either �-alanine or �-PABPN1 antibod-
ies [19]. A17-PABPN1 was detected in sections from
A17.1 mice as a fluorescent signal that localized near
the DAPI-stained chromatin in the nuclei (Fig. 4B). We
observed no signal in muscle sections from A10.1 mice
probed with �-alanine antibody. However, PABPN1
was detected in A10.1 sections probed with �-PABPN1
antibody (Fig. 4B). These results indicate that the �-
alanine antibody can be used to detect A17-PABPN1
in tissues from the most commonly used transgenic
mouse model of OPMD.

To further demonstrate the utility of the �-alanine
antibody in animal models, we tested it in a Drosophila
model of OPMD. The OPMD fly model contains
transgenic alleles encoding mammalian A10-PABPN1
or A17-PABPN1 under the control of a muscle-
specific, inducible Mhc-Gal4 promoter [9]. As shown
in Fig. 4C, these flies express comparable levels of
transgenic PABPN1; however the �-alanine antibody
specifically detected A17-PABPN1. Immunoblots
were also probed with �-lamin D to ensure equal
loading. This result demonstrates that the �-alanine
antibody can be used to detect A17-PABPN1 in mul-
tiple animal models of OPMD.

DISCUSSION

One of the major deficits in the study of OPMD
has been the lack of a reagent to specifically detect
alanine-expanded PABPN1 protein. Generating such a
reagent has been an ongoing challenge as the modest
expansions associated with OPMD cause very little
change in the size, charge, or biophysical properties
of the PABPN1 protein. We generated a polyclonal
antibody to an alanine peptide, which is a strategy
similar to that used by other groups to generate antibod-
ies to glutamine-expanded huntingtin protein [13, 14].
The �-alanine antibody detects polyalanine stretches in
A14-A17 PABPN1 as well as another polyalanine pro-
tein, RUNX2. Most importantly, this valuable reagent
can distinguish alanine-expanded PABPN1 from the
wild type protein in muscle tissue from both fly and
mouse models of OPMD.

This newly developed �-alanine antibody has the
potential for multiple applications in multiple mod-
els. The most commonly studied OPMD models are
cell culture, fly, and mouse models that overexpress
17 alanine-expanded PABPN1 [8, 9, 22–24]. Multi-
ple studies have revealed that PABPN1 is present in
nuclear aggregates in these models as well as OPMD
patients [8, 22, 23, 28]. Other studies have demon-
strated that wild type PABPN1 localizes to sub-nuclear
structures called nuclear speckles and that overexpres-
sion of alanine-expanded PABPN1 affects PABPN1
localization to nuclear speckles [5, 6]. While in vitro
studies using tagged PABPN1 constructs have shown
that both wild type and alanine-expanded PABPN1
accumulate in nuclear aggregates, no studies have
demonstrated the half-life or sub-nuclear localization
of endogenous mutant protein specifically. Further-
more, how localization and levels of endogenous
alanine-expanded PABPN1 are affected relative to wild
type PABPN1 protein is unknown. The �-alanine anti-
body described here provides an excellent tool to study
mutant PABPN1 stability and localization indepen-
dent of wild type PABPN1 in addition to allowing
for confirmation of alanine-expanded PABPN1 expres-
sion. Perhaps when genetic models that express native
levels of mutant PABPN1 become available, the �-
alanine antibody can be used to glean more information
about the in vivo characteristics of mutant PABPN1.

The �-alanine antibody is a valuable new tool in
analysis of A17-PABPN1 in cell culture and ani-
mal models of OPMD. However, it is limited in
that it cannot be used as a diagnostic tool or as a
means to study tissue samples from the majority of
OPMD patients, who harbor a mutation encoding A13-
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Fig. 4. Use of the �-alanine antibody in a transgenic mouse model of OPMD. A) Immunoblots of whole muscle lysate from mice expressing
transgenic wild type (A10.1) or alanine-expanded PABPN1 (A17.1) were probed with �-Alanine antibody. Samples were also probed with
�-PABPN1 and �-HSP90 as controls. B) Immunostaining of tibialis anterior muscle sections from A10.1 and A17.1 animals stained with �-
Alanine antibody. Immunostaining with �-PABPN1 was used to confirm the presence of PABPN1 protein in A10.1 animals and DAPI was used
to stain nuclei. Merge image (bottom panels) is included to show co-localization of both A17 and wild type PABPN1 with nuclei. Bar = 5 �m.
C) Immunoblots of whole fly lysates from flies expressing muscle-specific A10- or A17-PABPN1 probed with �-Alanine antibody. Samples
were also probed with �-PABPN1 to detect PABPN1 and with �-Lamin D to detect lamin D as a loading control.

expanded PABPN1 [4]. In the majority of OPMD
cases, there is little correlation between the length of
alanine expansion and disease severity [1] suggesting
that the molecular pathology across all alanine expan-
sions of PABPN1 is conserved. Thus, samples from
rare patients expressing A14-A18 PABPN1 could be
used for localization and stability studies. Addition-
ally, as sequencing and diagnostic methods improve,
patients with larger alanine expansions may be iden-
tified in the future. For example, patients with an
expansion to 18 alanine residues in PABPN1 were
recently described [3]. However, as a tool to specifi-

cally detect mutant PABPN1 in animal models or in
limited patient tissues, the �-alanine antibody has the
potential to provide greater understanding of the mech-
anisms that underlie OPMD pathology.
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