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Abstract.

Background: Alpha-synuclein (aSyn) is a key player in neurodegenerative diseases such as Parkinson’s disease (PD),
dementia with Lewy bodies, or multiple system atrophy. aSyn is expressed throughout the brain, and can also be detected in
various peripheral tissues. In fact, initial symptoms of PD are non-motoric and include autonomic dysfunction, suggesting
that the periphery might play an important role in early development of the disease. aSyn is expressed at relatively low levels
in non-central tissues, which brings challenges for its detection and quantification in different tissues.

Objective: Our goal was to assess the sensitivity of aSyn detection in central and peripheral mouse tissues through capillary
electrophoresis (CE) immunoblot, considering the traditional SDS-PAGE immunoblot as the current standard.

Methods: Tissues from central and non-central origin from wild type mice were extracted, and included midbrain, inner
ear, and esophagus/stomach. aSyn detection was assessed through immunoblotting using Simple Western size-based CE and
SDS-PAGE.

Results: CE immunoblots show a consistent detection of aSyn in central and peripheral tissues. Through SDS-PAGE,
immunoblots revealed a reliable signal corresponding to aSyn, particularly following membrane fixation.

Conclusion: Our results suggest a reliable detection of aSyn in central and peripheral tissues using the CE Simple Western
immunoblot system. These observations can serve as preliminary datasets when aiming to formally compare CE with SDS-
PAGE, as well as for further characterization of aSyn using this technique.
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INTRODUCTION

Alpha-synuclein (aSyn) is a 140 amino acid pro-
tein highly abundant in the brain that is implicated
in Parkinson’s disease (PD), dementia with Lewy
bodies and multiple system atrophy. The histopatho-
logical hallmarks of PD are the loss of dopaminergic
neurons in the substantia nigra, and the presence of
Lewy bodies and Lewy neurites, proteinaceous inclu-
sions containing aggregated aSyn [1, 2]. Importantly,
aSyn pathology is not only limited to the central ner-
vous system, as it has been described throughout the
peripheral nervous system, including the enteric ner-
vous system [3]. However, the precise role of aSyn
in neurodegeneration is still unclear, and needs to be
further investigated [4, 5].

aSyn undergoes posttranslational modifications
(PTMs) that have been correlated with implica-
tions for its pathobiology, including misfolding,
aggregation, and cytotoxicity [6, 7]. In addition, self-
propagating properties of aSyn have been related to
pathological PTMs that may, therefore, be relevant
for disease progression [8, 9]. As a consequence, the
search for pathological aSyn in human tissue and
biofluids as a potential biomarker for PD is of great
interest in the field [10, 11].

The onset of non-motor features, such as REM-
sleep disturbances, hyposmia, or gastrointestinal
dysfunction [12-14], takes place many years prior
to the onset of the typical motor features [15, 16].
Interestingly, the gastrointestinal tract has attracted
significant interest as a relevant site of PD pathol-
ogy, in the context of the brain first vs. body first
hypothesis [17-20]. Furthermore, studies have sug-
gested a dysfunction of the inner ear physiology on
early stages of PD [21, 22]. In this context, detecting
Syn and aSyn pathology in the periphery is extremely
important, and techniques that improve the sensitivity
over traditional methods are necessary.

Immune-based protein detection through Simple
Western size-based capillary electrophoresis (CE) is
an automated and sensitive version of the conven-
tional SDS-PAGE immunoblot technique. Instead of
using a gel for protein separation, proteins travel
along a capillary using an electric gradient and
are immobilized photochemically at the capillary
wall. Protein detection using CE was firstly devel-
oped with the aim of providing a more precise
immunoblot experience [23]. After sample prepara-
tion, the machine runs in a fully automated manner,
producing quantifiable results in less than one day
[24-26]. Considering an optimized plate set-up on the

Simple Western Peggy Sue device (Bio-techne, Min-
neapolis, MN, USA), up to 88 independent protein
lysates can be individually incubated with one pri-
mary antibody and its respective secondary antibody,
or 11 protein lysates using 8 different antibodies.

In the present study, we describe the detection
of aSyn expression in mouse tissue using size-
based CE Simple Western on a Peggy Sue device.
For this, aSyn was detected in tissue lysates from
central (midbrain) and non-central origin (inner
ear and esophagus/stomach) by the automated CE
immunoassay. Subsequently, aSyn expression was
detected using the same tissue samples employing
the traditional SDS-PAGE immunoblot technique.

MATERIALS AND METHODS
Tissue extraction

Six 15- to 18-month-old male wild type (WT)
C57BL/6] mice were used for experiments. Ani-
mals were acquired from the Central Research
Animal Facility of the University Medical Center
Gottingen, Germany. Two 5-week-old female aSyn
null mice, C57BL/6JOlaHsd, were obtained from
Envigo (Horst, The Netherlands). These mice corre-
spond to a C57BL/6J substrain carrying a deletion
in the aSyn locus (Snca), resulting in a lack of
Snca expression [27, 28]. The C57BL/6JOlaHsd
substrain has been widely used as a mouse model
for aSyn deficiency [29-31]. All experimental pro-
cedures were performed according to the German
animal welfare regulations by the state of Lower
Saxony (LAVES). Mice were euthanized with car-
bon dioxide and rapidly transcardially perfused with
phosphate buffered saline (PBS) to eliminate all
blood from the circulatory system and tissues. The
organs collected included midbrain, inner ear, and
esophagus/stomach. After dissection, tissues were
instantly frozen and stored at —150°C until further
preparation steps.

Preparation of tissue lysates

Tissues were thawed and collected in tissue protein
extraction reagent lysis buffer (T-PER, Thermo Fis-
cher Scientific, Darmstadt, Germany) supplemented
with protease and phosphatase inhibitors (Roche,
Basel, Switzerland) and homogenized at 4°C using
the Precellys 24 Tissue Homogenizer (Bertin Tech-
nologies, Montigny-le-Bretonneux, France). Tissue
lysates were then centrifuged at 4°C and 17530 x g
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for 10min in a fixed angle rotor. The supernatants
were then collected into fresh tubes. Protein concen-
trations were determined using the Bradford Protein
Assay on the Tecan infinite M200 PRO plate reader
(Mannedorf, Switzerland). Samples were then stored
at —80°C until used for experiments.

Simple Western automated capillary
electrophoresis (CE) immunoassay

Size-based CE Simple Western immunoassays
were performed using the Peggy Sue device (Bio-
techne) according to the manufacturer’s instructions.
Reagents used included the 12-230 kDa Peggy Sue
Separation Module, which consists of capillaries,
plates, wash buffer, upper and lower running buffers
2, upper and lower running buffer cups, wash buffer
cup, cleaning sponges, separation matrix 2, stack-
ing matrix 2, 10x sample buffer and standard packl
with DTT and FL standard master mix (Bio-techne).
For detection, anti-mouse secondary antibody (#042—
205, Bio-techne), streptavidin-HRP for protein ladder
detection (#042-414, Bio-techne) and total pro-
tein streptavidin-HRP (#042-976, Bio-techne) were
used additionally. Tissue lysate dilutions were pre-
pared using 0.1x sample buffer and 5x Master Mix
containing DTT, SDS and fluorescent standards (Bio-
techne). Samples were denaturized at 95°C and
800rpm for 5min (Thermomixer comfort, Eppen-
dorf). All samples were pipetted onto a 384-well
assay plate in technical duplicates. Anti-total aSyn
mouse antibody (#610787 BD Transduction Lab-
oratories, Heidelberg, Germany) was diluted 1:40
with antibody diluent (Bio-techne). Together with
the anti-mouse secondary HRP-conjugated antibody
(#042-205, Bio-techne), antibodies and samples
were dispensed into designated wells in a 384-well
plate according to the manufacturer’s preparation
template. The plate was spun for Smin and 1000
x g at room temperature (RT) in a swing out rotor.
The Peggy Sue size assay was programmed with the
Compass for Simple Western software (Bio-techne,
version 3.1.7). The fully automated steps performed
by Peggy Sue can be described as follows: The
capillaries were filled sequentially with the separa-
tion matrix, stacking matrix and the final sample
mixture, followed by electrophoretic protein sep-
aration inside the capillaries at 250V for 40 min.
To photochemically immobilize the proteins to the
inner capillary walls, the capillaries were exposed
to UV light for 250s. Excess matrix was removed
by washing the capillaries three times with washing

buffer. For blocking, antibody diluent was applied
for 23 min, followed by incubation with the pri-
mary antibodies for 30 min. Two wash cycles were
followed by incubation with HRP-conjugated sec-
ondary antibodies for 30 min. After two further wash
cycles, the luminol/peroxide mixture was loaded into
the capillaries and chemiluminescence was recorded
at different exposures: 4, 8, 16, 32, 64, 128, 256,
512s. The detected chemiluminescent signals were
analyzed using the Compass for Simple Western Soft-
ware (Bio-techne, version 3.1.7).

SDS-PAGE immunoblot

Tissue lysates were denaturized in 4x Laemmli’s
sample buffer (Bio-Rad, Feldkirchen, Germany) at
95°C for 5min. 20 ng of protein from each tis-
sue lysate were loaded on 12% SDS-PAGE gels
and separated at 120V for 90min. To improve
transfer efficiency, the gel was immersed in 20%
ethanol for 10 min. Then, proteins were transferred
to polyvinylidendifloride (PVDF) membranes using
the iBlot 2 Dry Blotting System (Invitrogen, Carls-
bad, CA, USA) for 7min at 25V, 0.9 A. Immediately
after the transfer, membranes were stained in Total
Protein Stain solution (Li-Cor, Bad Homburg, Ger-
many), as described below. After washing with PBS,
membranes were submitted to a fixation step using
4% PFA for 1h at RT. This step was skipped for
specific immunoblots in which the aim was to char-
acterize the aSyn signal without membrane fixation.
PVDF membranes were then placed in blocking solu-
tion containing 5% bovine serum albumin (BSA)
in TBS-Tween 0.05% for 1h at RT before the
first antibody solution was added. Membranes were
incubated overnight at 4°C in blocking solution con-
taining anti-total aSyn mouse monoclonal antibody
(#610787 BD Transduction Laboratories) in a dilu-
tion of 1:3,000. The next day, membranes were
washed in TBS-Tween 0.05% and incubated for 1 h
at RT in blocking solution containing IRDye sec-
ondary anti-mouse antibody (#926-32212, Li-Cor)
in a dilution of 1 : 10,000. Following several washing
steps in TBS-Tween 0,05%, fluorescent immunode-
tection was performed using Odyssey CLx (Li-Cor)
according to the manufacturer’s instructions.

Total protein detection and aSyn normalization
using CE and SDS-PAGE

In CE, total protein detection was executed auto-
matically during the same experimental assay as



684 L. Erdmann et al. / Automated Capillary Electrophoresis Immunoblot

Anti-total aSyn primary antibody titration

area under the curve

(AUC)
20,000 - J@&s mg/m -
20000- e 00125mgm

E» o 0.025 mg/ml 2

0.1 mg/ml

20,000 -
0 -

20,008 -‘Mg/ml

21
MW (kDa)

600000

95%
400000

200000+

T T T T 1
0 0.05 0.10 0.15 0.20 0.25
Antibody dilution (mg/ml)

Fig. 1. Optimization of anti-total aSyn antibody dilution for CE in midbrain tissue. A midbrain tissue lysate with a protein concentration
of 0.2 mg/ml was subjected to CE Simple Western immunoassay using anti-total aSyn antibody in a range of dilutions (1 : 160, 1: 80, 1 :40,
1:20, 1:10, 1:5). The total aSyn signal is shown as the area under the curve (AUC) in the selected electropherograms (/eft). The two black
lines in each electropherogram represent both the original curve and an adaptation to the fitted peaks. Values for the AUC at 21 kDa of
different antibody dilutions were automatically quantified by the Compass for Simple Western software and depicted as a saturation curve
(right). To reach a 95-99% antibody saturation range, a protein concentration of 0.025 mg/ml (1 :40) for the anti-total aSyn antibody is
required (red lines). This dilution was used for all subsequent experiments, including the detection of total aSyn in different tissues.

aSyn, but run separately in different capillaries.
Following automatic sample loading and protein
immobilization, capillaries were loaded with a
biotinylation reagent for 30 min. The chemilumines-
cent signal was subsequently obtained after adding
streptavidin-HRP conjugate (#042—414, Protein Sim-
ple) for 30 min and two washing steps with wash
buffer.

The total protein detection for SDS-PAGE was
performed after completion of the transfer using fluo-
rescence immunodetection. PVDF membranes were
rinsed in distilled H,O, followed by 5min incu-
bation at RT with Revert 700 Total Protein Stain
solution (Li-Cor). Image acquisition for fluorescent
immunodetection was subsequently performed using
Odyssey CLx (Li-Cor) according to the manufac-
turer’s instructions.

The normalization of each aSyn signal to the Total
Protein signal was performed manually for both CE
and SDS-PAGE, following equivalent calculations.

Quantitative analysis

The aSyn chemiluminescent signal detected on
the size-based CE Simple Western system was auto-
matically quantified by the Compass for Simple
Western software (Bio-techne, version 3.1.7). In
SDS-PAGE immunoblots, the levels of aSyn detec-
tion and total protein were quantified by measuring
band fluorescence intensity using the Image Studio
Software (Li-Cor). In both CE and SDS-PAGE, the

detected aSyn signal was normalized to total protein
levels.

RESULTS

Optimization of antibody and protein
concentrations for CE (Simple Western)

The primary antibody dilution and tissue pro-
tein amount were titrated to assess the quantitative
assay range. For aSyn antibody titration, midbrain
samples were chosen. The anti-total aSyn antibody
was tested in different concentrations ranging from
0.00625 mg/ml to 0.2mg/ml, aiming to reach an
antibody saturation of approximately 95% to 99%.
This was reached at an estimated concentration of
0.025 mg/ml (Fig. 1). Tissue-specific titration exper-
iments followed using the anti-total aSyn antibody
at a concentration of 0.025 mg/ml (1 : 40). To deter-
mine the linear detection range of aSyn in the
midbrain, inner ear and esophagus/stomach tissue
lysates, samples with a protein concentration between
0.0125 mg/ml and 1.6 mg/ml were subjected to CE
immunoassay. A useful protein concentration of
0.2 mg/ml was determined for the midbrain and there-
fore chosen for subsequent experiments. For inner
ear and esophagus/stomach tissues, 0.8 mg/ml and
0.4 mg/ml were selected, respectively (Fig. 2).

As a linear range also needed to be determined
for the total protein assay, an undiluted total pro-
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Fig. 2. Optimization of lysate protein concentrations for midbrain, inner ear, and esophagus/stomach tissues for CE using anti-total
aSyn antibody. Tissue lysate dilutions with different protein concentrations, ranging from 0.0125 mg/ml to 1.6 mg/ml, were subjected to
CE Simple Western immunoassay using anti-total aSyn primary antibody at a dilution of 1 :40. The selected electropherograms are shown
on the left-hand side. The black lines represent both the selected electropherogram curve and a curve representing the adaptation to the fitted
peaks. On the right, the quantified areas under the curve (AUC) were plotted against the corresponding protein concentrations. The useful
linear assay range was estimated from the curve. The concentration chosen within the linear range for aSyn detection (red circle) remains

tissue-specific and corresponds to 0.2 mg/ml for midbrain tissue lysate (A), 0.8 mg/ml for inner ear tissue lysate (B), and 0.4 mg/ml for
esophagus/stomach tissue lysate (C).

tein biotinylating reagent and, for comparison, a
1:3 dilution in HyO were tested on midbrain sam-
ples, loaded at different protein concentrations. Based
on the results obtained, a total protein reagent

dilution of 1 : 3 was selected for inner ear and esoph-
agus/stomach tissues, whereas an undiluted total
protein reagent was selected for midbrain tissue (Sup-
plementary Figure 1).



686 L. Erdmann et al. / Automated Capillary Electrophoresis Immunoblot

aSyn detection by CE immunoblot (Simple
Western)

aSyn was detected in both central and peripheral
tissues using the automated size-based CE Simple
Western system. A signal for aSyn was observed at an
apparent molecular mass of 21 kDa in the midbrain,
inner ear, and esophagus/stomach tissue lysates of
18-month-old WT C57BL/6J mice (Fig. 3).

A signal corresponding to aSyn was detected as a
single peak at 21 kDa in the midbrain. In peripheral
tissues, such as the inner ear and esophagus/stomach,
in addition to the aSyn signal at 21 kDa, a back-
ground signal at higher molecular weights was also
observed. To confirm the assignment of the 21 kDa
peaks as aSyn, we conducted control experiments,
which included incubation with only the secondary
antibody, as well as the use of tissue-specific lysates
from the aSyn null mice substrain C57BL/6JOlaHsd
(Fig. 3).

Peaks ranging from 50 kDa to 180 kDa were
detected after incubating aSyn KO tissue with pri-
mary anti-aSyn antibody. Additional peaks around
30 kDa and 60 kDa were observed when incubating
tissue lysates of non-central origin with only a sec-
ondary antibody, indicating their likely nonspecific
nature. These observations indicate the presence of a
21 kDa peak corresponding to aSyn in both central
and peripheral tissues (Fig. 3).

Midbrain, inner ear, and esophagus/stomach tis-
sues from five different mice were tested for aSyn
expression in relation to total protein, which was cho-
sen as loading control between tissues to enhance the
signal accuracy of aSyn throughout the experiments
(Fig. 4).

The 21 kDa aSyn signal in the midbrain was signif-
icantly stronger than in peripheral tissues (Figs. 4 and
6). In addition, the identified aSyn signal within the
midbrain exhibited variability across individual ani-
mals, demonstrating an even greater fluctuation per
animal in peripheral tissues (Fig. 6).

aSyn detection by SDS-PAGE immunoblot

aSyn was analyzed using the same tissue samples
via conventional SDS-PAGE immunoblot, with the
membrane either fixed post-transfer or not. A signal
corresponding to aSyn at 18-19 kDa was consis-
tently detected in central and peripheral tissues when
the membrane underwent fixation (Figs. 5 and 6;
Supplementary Figure 2). Without membrane fixa-
tion, a weak signal for aSyn at approximately 18-19

kDa was detected in the midbrain with a certain of
degree of heterogeneity between signals. In periph-
eral tissues as the inner ear and esophagus/stomach,
no signal corresponding to aSyn was observed in the
expected molecular mass range without membrane
fixation (data not shown).

DISCUSSION

Determining protein expression is a crucial aspect
when aiming to understand physiological pro-
cesses, as well to elucidate cell pathophysiology
in mammals. Since the introduction of SDS-PAGE
immunoblot decades ago [32-34], this technique
has remained the gold-standard and widely used by
the scientific community. However, methodological
and detection differences can result in signifi-
cant variability. Consequently, numerous efforts
have been undertaken to address this issue, result-
ing in the development and introduction of novel
methods, such as: the size-based CE Simple West-
ern system, microchip electrophoresis, DigiWest,
Micro-loader and thin-film direct coating with
suction-immunoblot, among others [35].

Considering  the  traditional =~ SDS-PAGE
immunoblot as the current standard for aSyn
detection, our study aimed to assess the sensitivity
and general suitability of aSyn detection in tissue
using CE immunoblot. For this, we applied sized-
based CE immunblotting using the Simple Western
system. In this CE method, the machine runs fully
automated, producing quantifiable immunoblot
results overnight. We used Peggy Sue, an advanced
immunoblotting system by Bio-techne, that is being
used with increased frequency in recent years due
to its advantages in experimental performance and
precision [25, 36-38].

Experimental planning and sample preparation is
followed by an automated running time, provid-
ing a user-independent protein signal detection. Its
usage can be considered a time-saving strategy, as
the complete experimental run and quantification
are delivered automatically in less than one day. In
addition, the use of the CE Simple Western system
includes a higher throughput of data for each run, as
well as the need of much less lysate material to obtain
a final result, saving in many cases valuable sample
material.

Experiments utilizing this method have been
conducted to evaluate protein expression in vari-
ous tissues [39—41]. Consequently, we believe this
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Fig. 3. Peak assignment: Identification of the aSyn signal on CE (Simple Western) immunoblot. Midbrain tissue lysates with a protein
concentration of 0.2 mg/ml (A), inner ear with 0.8 mg/ml (B) and esophagus/stomach with 0.4 mg/ml (C) of 18-month-old WT C57BL/6J
mice were separated by capillary electrophoresis, immobilized by UV light, and incubated with either anti-total aSyn antibody or antibody
diluent. A chemiluminescent signal was detected through HRP-conjugated secondary antibody. For each of the tissues, three conditions were
assessed: 1) incubation of WT mouse tissue with anti-total aSyn antibody (WT+primary and secondary ab), 2) incubation of WT mouse tissue
without primary antibody (WT+only secondary ab) and 3) incubation of aSyn KO mouse tissue with anti-total aSyn antibody (KO+primary
and secondary ab). For all three tissues, a peak with an apparent molecular mass of 21 kDa could be assigned to aSyn (depicted in blue).
Detection signals observed above the 40 kDa region in peripheral tissues correspond to cross-reactivity of either the primary antibody, the
secondary antibody, or both. The black lines represent both the selected electropherogram curve and a curve representing the adaptation to
the fitted peaks.
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Fig. 4. Detection of aSyn in tissue lysates through CE (Simple
Western) immunoblot. Tissue lysates of five biological replicates
of 18-month-old WT C57BL/6J mice were loaded in duplicates
and separated by CE. The protein concentration used for mid-
brain lysates was 0.2 mg/ml (A), for inner ear 0.8 mg/ml (B) and
for esophagus/stomach lysates 0.4 mg/ml (C). Immunodetection
of aSyn was performed with an anti-total aSyn antibody in a dilu-
tion of 0.025mg/ml (1:40) and an HRP-conjugated secondary
antibody. The total protein signal was detected using a total pro-
tein detection kit and HRP conjugated streptavidin and quantified
by automated chemiluminescent signal measurements using the
Compass for Simple Western software of the area under the curve
(AUC). The aSyn detection signal is depicted in blue within the
electropherograms at 21 kDa. The black lines represent both the
selected electropherogram curve and a curve representing the adap-
tation to the fitted peaks. A single electropherogram curve was
chosen to illustrate the total protein signal (A,B,C).

technique holds the potential to introduce new
possibilities in the realm of PD and other synucle-
inopathies. In particular, we appraise the existence
of a fully automated protein detection technique that

has the potential to overcome the inter-user variability
and the error-prone steps associated with traditional
immunoblotting.

Our results showed that: 1) CE Simple Western
system enables accuracy in the detection of aSyn in
central and peripheral tissues. 2) The use of SDS-
PAGE immunoblot for aSyn detection exhibits a
reliable aSyn signal in the midbrain and esopha-
gus/stomach tissues, albeit with reduced consistency
in the inner ear.

In view of the consistent aSyn detection demon-
strated by CE in both central and non-central tissues,
it is noteworthy that SDS-PAGE exhibited more reli-
able detection of aSyn in the midbrain, inner ear,
and esophagus/stomach tissues only in immunoblots
with membrane fixation (Fig. 5). In fact, SDS-PAGE
immunoblots without membrane fixation exhibited
inconsistencies in aSyn intensity in the midbrain,
with a very faint or absent aSyn signal observed in
peripheral tissues (data not shown).

It is intriguing that the endogenous aSyn levels
observed in SDS-PAGE immunoblots from non-
central tissues exhibit some disparities with CE
regarding the relative aSyn signal detection per
animal (Fig. 6), suggesting potential technical dif-
ferences in aSyn detection reliability in the periphery
with SDS-PAGE. However, additional experiments
are necessary for a formal comparison between both
methods.

In comparison to the central nervous system, the
expression of aSyn is significantly lower in periph-
eral organs. This implies that SDS-PAGE might
be less reliable for aSyn detection in organs with
less endogenous aSyn expression levels, despite per-
forming immunoblots using a membrane that has
undergone fixation.

It is also important to note that pre-experimental
work, which include antibody titration and tissue-
specific titration experiments, is highly advisable
before starting the CE runs (Figs. 1 and 2). As
such, we need to consider this tuning fact for CE,
not present in SDS-PAGE immunoblots as typically
carried out, accounting for a probable disadvantage
when intending to compare both techniques. On the
other hand, including a protein fixation step within
the capillaries is not yet possible when running a CE
immunoblot, in contrast to SDS-PAGE immunoblots.

A relevant physiological aspect to keep in mind
while working with tissue samples is the hetero-
geneous expression of housekeeping genes along
different tissues, including the expression differences
atdifferent age-stages. For this reason, the use of total
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Fig. 5. Detection of aSyn in tissue lysates through SDS-PAGE immunoblot. Tissue lysates of five 15-month-old WT mice were subjected
to SDS-PAGE. 20 g of protein lysates from midbrain (A), inner ear (B), and esophagus/stomach tissues (C) were loaded in triplicates and
separated in the same polyacrylamide gel. The n4 runs were selected for each tissue for representation of the membrane. After transfer,
membranes were stained in Total Protein Stain solution and then fixed with 4% PFA for 1 h at RT before incubation with anti-total aSyn
antibody solution, followed by incubation with the IRDye-conjugated secondary anti-mouse antibody. The fluorescent immunodetection of
the aSyn signal was performed at 800 nm, the total protein signal at 700 nm on the same membrane using Odyssey CLx (Li-Cor).

protein for normalization purposes is recommended
[42-46].

Furthermore, aSyn exhibited migration differences
between CE and SDS-PAGE, with an estimated
molecular weight of 21 kDa in CE and 17-19 kDa
in SDS-PAGE immunoblots. To explain this phe-
nomenon, we contemplate some aspects that may
have contributed to disparities in the separation pat-
tern of aSyn in these two distinctive systems. Factors
that may play a role include, for example, the chem-
ical environment in which protein separation occurs.
In CE, protein separation takes place in a capillary
filled with a buffer solution, while in SDS-PAGE,
it happens in a polyacrylamide gel matrix. Another
aspect to be considered is charge-to-mass ratio, as

aSyn carries a net negative charge at neutral pH due
to the presence of aspartic acid and glutamic acid
residues. However, its charge can vary depending on
the pH of the environment, affecting its ionic strength
and, consequently, its migration. In light of these
differences, it shouldn’t be surprising that relative
subtleties might occur in the migration process, con-
sidering the distinctions between both electrophoretic
systems. As such, additional challenges may arise
when aiming to characterize oligomeric species of
aSyn, along with other toxic forms that have been
correlated with aSyn pathology.

Taken together, our study provides preliminary
insights into the use of CE for aSyn detection, posi-
tioning it as a reliable method for detecting aSyn
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Fig. 6. aSyn detection signal in the midbrain, inner ear, and esophagus stomach tissues using CE and SDS-PAGE. Tissue lysates of
five 15-month-old WT mice were subjected to CE and SD-PAGE. For CE, the protein concentration used for midbrain lysates was 0.2 mg/ml
(A), for inner ear 0.8 mg/ml (B), and for esophagus/stomach lysates 0.4 mg/ml (C). Calculations were performed on dual technical replicates
in separate capillaries within the same run. For SDS-PAGE, 20 g of protein lysates from midbrain, inner ear, and esophagus/stomach tissues
were loaded in triplicates and separated in the same polyacrylamide gel. After transfer, the membrane was fixed with 4% PFA for 1 h at RT.
The aSyn detection signal was quantified and normalized to total protein. On the bar graphs, the x-axis represents tissue-specific protein
lysates from five different mice (n1-n5), and the y-axis represents the area under the curve (AUC) or signal by the mean £ SD.

in both central and non-central tissues. Nonetheless,
additional experiments are necessary for robust assay
validation.

In conclusion, CE Simple Western system provides
an automated method that enables a reliable aSyn
detection in various tissues, even those where the
protein is expressed at lower levels. Consequently,
these results can serve as preliminary datasets for
future studies aiming to explore novel possibilities
in understanding the molecular mechanisms associ-
ated with PD and other synucleinopathies using this
technique.
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