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HIGHLIGHTS

AS53T a-syn overexpression induced TAG and lipid dropktuenulation in dopaminergic

neurons.

Dopaminergic neurons that overexpressed Ab33yn displayed augmented Acyl-CoA

synthetase activity.
Fe induced A53Ti-syn aggregation and increased TAG content in msuro

Blockage of TAG synthesis reduced A58Eyn cell viability.



ABBREVIATIONS

The abbreviations used in this study &k€S, Acyl-CoA synthetaseg-syn, a-synuclein;
AS53T a-syn cells N27 neurons expressing the vector pcDNA3-A333ynuclein;BSA,
bovine serum albumin;Chol, cholesterol; DCDCDHF, dichlorodihydrofluorescein
diacetate;DAG, diacylglycerols;DTT, dithiothreitol; EDTA, N,N'-1,2-ethandiylbis[N-
(carboxymethyl)glycine] disodium salEA, fatty acid;FAME, fatty acid methyl esters;
FAS, fatty acid synthase:BS, fetal bovine serumi-FA, free fatty acid;GC, gas-liquid
chromatography;HRP, horseradish peroxidasé;DH, lactate dehydrogenas®)AG,
monoacylglycerol;MTT , 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazoh bromide;
OA, Oleic acid;OS, oxidative stressPBS phosphate buffer salinpcDNA cells N27
neurons expressing the empty vector pcDNABD, Parkinson’'s diseasePL,
phospholipids; PMSF, phenylmethylsulfonyl fluorideROS, reactive oxygen species;
SDS sodium dodecyl sulphat§DS-PAGE sodium dodecyl sulphate-polyacrylmide gel
electrophoresisTAG, triacylglycerols; TBA, thiobarbituric acid;TBARS, thiobarbituric

acid reactive substanceBS-T, Tween-Tris Buffer SalindJT, untransfected neurons.



Abstract

Pathologicala-synuclein §-syn) overexpression and iron (Fe)-induced oxidathiress
(OS) are involved in the death of dopaminergic aesarin Parkinson’s disease (PD). We
have previously characterized the role of triagydglol (TAG) formation in the neuronal
response to Fe-induced OS. In this work we chanaetéhe role of the-syn variant AS3T
during Fe-induced injury and investigate whetheidlimetabolism has implications for
neuronal fate. To this end, we used the N27 dopamgio neuronal cell line either
untransfected (UT) or stably transfected with pcCB\Vector (as a transfection control) or
pcDNA-A53T-a-syn (AS53T a-syn). The overexpression of A53d-syn triggered an
increase in TAG content mainly due to the activaiwd Acyl-CoA synthetase. Since fatty
acid (FA) B-oxidation and phospholipid content did not changé&53T a-syn cells, the
unique consequence of the increase in FA-CoA dives was their acylation in TAG

moieties.

Control cells exposed to Fe-induced injury dispthyrecreased OS markers and TAG
content. Intriguingly, Fe exposure in A58¥syn cells promoted a decrease in OS markers

accompanied by-syn aggregation and elevated TAG content.

We report here new evidence of a differential y@keyed by A53Ta-syn in neuronal lipid

metabolism as related to the neuronal responsé&to O



1. Introduction

Parkinson’s disease (PD) is associated with movemisorders and is the second most
common age-related neurodegenerative disorder #ieheimer's disease. PD is a
multifactorial and complex disorder including epitelogical, genetic and toxicological
factors whose main cause is the progressive los®pdminergic neurons [1]. One of the
most studied events in the neurodegeneration ofuib&antia nigra is the overexpression
and pathological aggregation efsynuclein ¢-syn) [1,2]. The role ofa-syn in the
ethiopathogenesis of PD is supported gmgt-mortem studies showing pathognomonic
intracellular inclusions of this protein in tlsgbstantia nigra, known as Lewy bodies [3,4].
In vivo studies in transgenic mice highlight the involvetnef a-syn overexpression (wild
type and mutated forms) in the development of na@otogical and behavioral impairment
[3,5,6]. Genome-wide association studies demorsiragveral genetic variants for the
syn (SNCA) locus related to idiopathic and inhetiferms of PD, among which A53d-
syn, one of the most common variants, generatedniimoacid substitution, is present in
young onset PD [7-9]. Despite numerous studiederstibject, the physiological role and

pathological mechanism triggered &gyn and its variants are not yet clear.

One of the most intriguing questions regardingyn function is its relationship with lipid
metabolism. Mounting evidence indicates thadyn overexpression alters neuronal and
brain phospholipid (PL) levels and also fatty a#) composition [10-13]a-syn is also
able to bind lipid bodies (containing triacylglyoeTAG- and cholesterol-chol-), FA and
PL [14-16]. We have recently reported that overespion of wild-type a-syn

downregulates phospholipase D1 and impacts on nalicgtoskeleton [17].



Another important triggering factor for the onsetlgrogression of PD besidessyn is

iron (Fe) accumulation and in consequence, eleVatatls of oxidative stress (OS) [18]. In
this connection, ferrireductase activity has betmbated toa-syn, which thus participates
in the redox reaction vyielding Fefrom F&* [19,20]. A53T a-syn has been shown to
autoaggregate in the presence of Fe and iron ahelad able to revert pathological
metalb-syn interactions [9,21-23]. This cumulative eviderpoints to a link between

AS53T a-syn, lipid metabolism and Fe-induced neuronal dgema PD.

We have previously demonstrated that during FeaaduOS, dopaminergic neurons
respond by modulating lipid acylation and TAG acalation [24]. Based on the above
data, our aim was to study the role of A588yn in neuronal lipid metabolisduring Fe-
induced injury. To this end, N27 dopaminergic celigbly expressing A53d-syn (A53T
a-syn) were exposed to Fe and the state of lipichbwism and cellular oxidative damage

evaluated.

2. Materials and Methods
2.1. Materials

Triton X-100, 3-(4,5-dimethylthiazol-2-yl)-2,5 diphyltetrazolium bromide (MTT),
thiobarbituric acid (TBA), Thioflavin S, DL-Propratol hydrochloride, Oil Red O,
Malonyl-CoA and Triacsin C were obtained from SigAddrich (St. Louis, MO, USA).
DCDCDHF, Hoechst and DAPI were obtained from MolaclwProbes (Eugene, Oreg.,
USA). Ferrous sulphate (J.T.Baker, cat# 2070-Ohyl golyvinylidene difluoride

membranes were obtained from EMD Millipore (Millyjgo Bedford, MA). Antibodies:



rabbit polyclonal antix-synuclein (C-20-R) [sc-7011-R], mouse monoclomdl-tatty acid

synthase (FAS) (G-11) [sc48357], anti-tyrosine lbygtase (TH) (F-11) [sc-25269], goat
polyclonal anti-actin (C-11) [sc 1615], polyclondlorseradish peroxidase (HRP)-
conjugated goat anti-rabbit 1gG, polyclonal HRPjogated goat anti-mouse IgG,
polyclonal HRP-conjugated bovine anti-goat IgG,utemin and geneticin (G418) were
purchased from Santa Cruz Biotechnology, Inc. &adtuz, CA, USA). Fetal bovine
serum (FBS) was obtained from Natocor (Cérdoba, AREPMI 1640 medium was
obtained from Gibco (USA). LDH-P UV AA kit was kihdprovided by Wiener Lab

Group (CABA, Bs As, ARG). TG color GPO/PAP AA andzgmatic Colestat were
purchased from Wiener lab GroupH]-oleic acid (OA) and>H]-glycerol were obtained
from Perkin-Elmer (Migliore-Laclaustra, CABA, Bs ABRG). All other chemicals used in

the present study were of the highest purity abé&la
2.2. Methods
2.2.1. Cell culture and stable expression-siyn

The immortalized rat mesencephalic dopaminergiclicel 1RB3AN27, also referred to as
N27 cells, was kindly donated by Dr. Patricia Caeiepartment of Nutrition, UC
DAVIS). Cells were grown in RPMI 1640 medium suppénted with 10 % (v/v) FBS,
100 U/ml penicillin, 100 pg/ml streptomycin and ®.21g/ml amphotericin B in a
humidified atmosphere of 5 % G@t 37°C. Dr. Benjamin Wolozin (Boston University)
kindly provided the pcDNA3-A53T+=syn expression vector containing the mutated full-
length humani-syn sequence. pcDNA3-A53d-syn or pcDNA3 were transfected into N27
cells using Lipofectamine 2000 reagent (Invitrog€ABA, Bs. As., ARG) following the

procedure recommended by the manufacturer. Theclpolgl stable transfected cells were



selected 48 h post-transfection in 400 pg/ml ofeiem (G418) and further maintained in
N27 growth media supplemented with 200 pg/ml of &&Hxpression levels of-syn were

confirmed by immunocytochemistry.
2.2.2. Experimental treatments

In all the experiments carried out, cells were grdw 80%-90% confluence. Fe treatments
were carried out in serum-free medium. Treatmenth wmhibitors were performed as
follows: medium was removed and replaced with seime®m media. Inhibitors were
subsequently added to the desired final conceatrai0O0 pM DL-Propranolol, 5 pM
Triacsin C, 5-10 pg/ml Cerulenin and 0.1-10 uM MaleCoA ); controls received vehicle
alone (0.02% ethanol, water, 0.015% methanol d%.0OMSO). In the experiments of Fe
exposure, after 30 min, 1 mM FEeSQ) or its vehicle (ultrapure water) was added and

cells were incubated under these conditions fdn R4less otherwise specified.
2.2.3. Immunofluorescence microscopy

N27 cells were grown onto glass coverslips andgimving medium was replaced by
serum-free medium [24]. After treatments, cells avefixed for 1 h with 4%
paraformaldehyde in PBS, followed by permeatiorhwititon X-100 (0.1%) for 15 min.
For the immunostaining, the non-specific sites wblecked with 2% bovine serum
albumin (BSA) in PBS at room temperature for 30 .n@ells were incubated with anti
syn (1:100 in PBS, 2% BSA) or anti -TH (1:50 in RB®46 BSA) for 1 h at room
temperature. After three washes with PBS, celleeviecubated with Alexa Fluor® 546-
conjugated secondary antibody (1:200, 1 h, roonpe&ature) and Hoechst or DAPI for
nuclear staining. After washing with PBS, coverslizere mounted and slides were
observed with a Nikon Eclipse E-600 microscope. riitiaation was performed using
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ImageJ (a freely available application in the pubtiomain for image analysis and
processing, developed and maintained by Wayne Rdsditathe Research Services Branch,
National Institute of Health, Bethesda, MD, USApaat least 100 cells for each condition

were analyzed from two independent cell cultures.
2.2.4. Triacylglycerol and cholesterol measurement

After treatments, cells were washed 3 times witlfSP8&craped off and subjected to lipid
extraction following the method of Bligh and Dy&@5]. Lipid extracts were washed twice
with Bligh and Dyer upper phase, dried under Msuspended in chloroform/methanol
(2:1, v/v) and spotted on silica gel plates. Far tbsolution of neutral lipids, silica gel G
plates were used; the mobile phase consisted daneexdiethylether (80:20, v/v). After
separation by TLC, the spots corresponding to TAG ehol were scraped off the silica
and eluted [24]. Total TAG and chol content wereasuged in aliquots of the lipid extracts
corresponding to 10 pg lipid P, using commercidas KITG color GPO/PAP AA and
enzymatic Colestat). Aliquots were dried under ¢ds and resuspended in 100 pl of
isopropanol and TAG and cholesterol determinatioarewperformed following the

manufacturer’s instructions.
2.2.5. Lipid phosphorus measurement

Lipid phosphorus (lipid P) was determined in tdipid extracts using the chemicals and

reactions described by Rouser and collaborators [26
2.2.6. Assessment of cell viability

Cell viability was assessed by MTT reduction as$4yT is a water-soluble tetrazolium

salt that is reduced by metabolically viable c&la colored, water insoluble formazan salt.



After treatments, MTT (5 mg/ml) was added to thdl calture medium at a final
concentration of 0.5 mg/ml. After incubating theatek for 2 h at 37°C in a 5 % ¢0O
atmosphere, the assay was stopped and the MTThoimgtanedium was replaced with
solubilization buffer (20 % SDS, pH 4.7). The extef MTT reduction was measured

spectrophotometrically at 570 nm [24]. Resultsexperessed as a percentage of the control.
2.2.7. Oil Red O staining

For lipid droplet staining, the Oil Red O methodswesed as described by &ial. 2012
[27] with slight modifications. Cells were growndafixed as described in 2.2.3. After three
washes with PBS and one wash with water, cells wernebated with a freshly prepared
solution of Oil Red O (57@l of 0.5% Oil Red O in isopropanol and 3gl0of water) for 1

h. Cells were then rinsed thoroughly with water angtlei were stained with DAPI.

Samples were mounted and analyzed in the fluoresamicroscope.
2.2.8. Western blot analysis

For the preparation of total cell extracts, cell® x 10 cells) were rinsed with PBS,
scraped and centrifuged. The pellet was rinsed RBI$ and resuspended in gDof a
buffer containing 50 mM Tris, pH 7.5, 150 mM NaGI1 % Triton X-100, 1 % NP-40, 2
mM EDTA, 2 mM EGTA, 50 mM NaF, 2 mM-glycerophosphate, 1 mM jO,4, 10
ug/ml leupeptin, 5ug/ml aprotinin, 1ug/ml pepstatin, 0.5 mM PMSF, and 0.5 mM DTT.
Samples were exposed to one cycle of freezing laading, incubated at 4 °C for 60 min
and centrifuged at 10000 x g for 20 min. The sugkamt was decanted and the protein
concentration was measured [28]. Cell lysates @ung 25-50 ug of protein were
separated by reducing 7-12.5% polyacrylamide gedtedphoresis and electroblotted to
polyvinylidene difluoride membranes. Molecular waigtandards (Spectra™ Multicolor
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Broad Range Protein Ladder, Thermo Scientific) wene simultaneously. Membranes
were blocked with 5 % nonfat dry milk in TBS-T beiff(20 mM Tris-HCI [pH 7.4], 100
mM NacCl, and 0.1 % [wt/vol] Tween 20) for 1 h abm temperature and subsequently
incubated overnight at 4 °C with primary antibodnt(-FAS (G-11): sc-48357, aniisyn:
sc-7011, antp-actin: sc-47778- Santa Cruz Biotechnology, CA, JSi®ashed three times
with TBS-T and then exposed to the appropriate KBRugated secondary antibody for 1
h at room temperature. Membranes were again watiiveg@ times with TBS-T and
immunoreactive bands were detected by enhanced ilkcimemescence (ECL; GE
Healthcare Bio-Sciences, Bs.As., Argentina) usitagdard X-ray film (Kodak X-OMAT
AR; GE Healthcare Bio-Sciences). Immunoreactivedsawere quantified using Image

J[24].
2.2.9. Acyl-CoA (ACS) synthetase activity assay

The ACS activity was measured in cellular homogend6 x 18 cells) as described by
Perez-Chacomt al. 2010 [29]. Briefly, 150ul of cell lysates were incubated with buffer
containing 20 mM MgGl 10 mM ATP, 1 mM CoA, 1 mM 2-mercaptoethanol, 1M
Tris-HCI (pH 8.0), and®H]-OA (0.2 pCi, 50 pM) at 37°C for 10 min. The reaatiwas
stopped by addition of 2.25 ml isopropanol:heptard: H,SO, (40:10:1 v/v/v). After the
addition of 1.5 ml heptane and 1 ml water, the orxtwas centrifuged at 1000gxfor 5
min. The aqueous phase was then washed twice withh2ptane containing 4 mg/ml OA,
and finally the radioactivity was measured by la@yscintillation counting. ACS activity is

expressed as dpm pH]-oleoyl-CoA perug of protein.

2.2.10.3-oxidation assay
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B-oxidation was measured by means of the releagéH)fH,O according to Moon and
Rhead [30]. Confluent 24-well microplates were ipated at 37C for 4 h with serum-free
RPMI containing: {H]-OA (0.5uCi/well), OA (1.5uM) and lipid-free BSA (4 mol
OA/mol BSA) to allow fH]-OA incorporation. After incubation, the reactiomixture was
removed and added to a centrifuge tube with 0.20m10% trichloroacetic acid. The
mixture was centrifuged at 8500gxfor 5 min. Supernatants were removed and extracted
with 1 ml isopropanol:heptane:1 M,80, (40:10:1 v/viv). The resultant aqueous phase
was treated with 0.07 ml of 6 N NaOH and subjetteal Dowex- 1X8 column in a Pasteur
pipette. The column was eluted with 5 ml of distilllwater, and each eluate was collected
in a scintillation vial for counting. Radioactivitgorresponding to[°H]-H,O was

determined in a liquid scintillation spectrometer.
2.2.11. TAG lipasactivity assay

Cellular homogenates (6 x °@ells, 100 pl) were incubated wiffiH]-Glycerol-TAG
(350000 dpm/pumol) in 20 mM phosphate buffer, pH, a037°C for 30 min [31]. The
reaction was stopped by addition of 5 ml chlorofongthanol (2:1 v/v). After the addition
of 1 ml 0.05% CaG| samples were centrifuged at 100@ for 5 min. Aqueous phases
containing fH]-glycerol were collected in scintillation vialsif counting. Organic phases
were spotted onto TLC plates, overlaid with a maytitycerol (MAG) diacylglycerol
(DAG) and TAG standards for separation #fiJfglycerol MAG, [*H]-glycerol DAG and
[*H]-glycerol TAG. After iodine staining, spots weseraped into scintillation vials and

quantified by liquid scintillation spectrometry. gts are normalized with protein content.

2.2.12. Thioflavin S staining

12



After incubation with secondary antibody, cells evstained with freshly prepared 0.05%
Thioflavin S in ethanol: water 1:1 (v/v) for 5 miithey were then washed with 80%
ethanol for 5 min and nuclei were stained with Hwmtc After washing with PBS,

coverslips were mounted for fluorescence microsq8gy
2.2.13. Determination of cell oxidant levels

Cell OS was evaluated using the probe 5 (or 6)ecar2’7’-dichlorodihydrofluorescein
diacetate (DCDCDHF) which can cross the membradda@towing oxidation is converted
into a fluorescent compound. After the correspogdireatments, the medium was
discarded and RPMI medium containing @ DCDCDHF was added. After 30 min of
incubation at 37°C, the medium was removed; ceisewinsed three times with PBS and
lysed in a buffer containing PBS and 1% NP-40. fdgoence in the lysatekek=495,
rem=530) was measured in an SLM model 4800 fluoemgESLM Instruments, Urbana,

IL) [24]. Results are expressed as AU of absorbaecqig of protein [AU/g protein].
2.2.14. Determination of lipid peroxidation

Lipid peroxidation was determined by the thiobarba acid reactive substances (TBARS)
assay, which involves derivatization of malondialgide with TBA to produce a pink
product that is quantified in a UV-VIS spectrophmatder. Briefly, after treatments, cells
were scraped off into 30@l of ice-cold water and mixed with 0.5 ml of 30 %
trichloroacetic acid. Then, 5@ of 5 N HCl and 0.5 ml of 0.75 % TBA were addedib&s
were capped, the mixtures were heated at 100 °G(fanin in a boiling water bath and the
samples were centrifuged at 1000 x g for 10 min. ARB were measured
spectrophotometrically in the supernatant at 532 [Bd]. Results are expressed as a
percentage of the control.
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2.2.15. Measurement of LDH leakage

Lactate dehydrogenase (LDH) leakage was determasgateviously described [24]. After
treatments, incubation medium was centrifuged &018 g for 10 min at 4 °C. The
resulting supernatant was used to determine LDHviggct which was measured
spectrophotometrically using an LDH-P UV AA Kkit, Ifawing the manufacturer’s
instructions. Briefly, the conversion rate of reddmicotinamide adenine dinucleotide to
oxidized nicotinamide adenine dinucleotide wasofekd at 340 nm. Results are expressed

as a percentage of the control.
2.2.16. FA analysis

FA of all lipid classes from N27 cells (pcDNA anb2VT a-syn) were quantified by gas
chromatography (GC) after the addition of an indéstandard (21:0) and conversion of the
extracted dried lipids into methyl ester derivasivéfter lipid extraction by the Bligh &
Dyer method, fatty acid methyl esters (FAME) werepared following the alternative
method of the AOCS Ce 2-66 normative from the Awaari Oil Chemists’ Society, by
transesterification with 2N KOH in anhydrous methlarSeparation and identification of
the FAME were carried out in an Agilent 7820A gdsoenatograph equipped with a
split/splitless injector, a flame-ionization detmcand a 30 m SP-2380 capillary column of
0.25 mm i.d. and 0.2um film thickness (Supelco Inc., Bellefonte, PA).€elbperating
conditions were as follows: oven temperature, 17@%&min)—4 °C/min-210°C (10 min);
injector and detector temperatures were set at@0@fection volume, 2ul; and carrier
gas, hydrogen at 18,4 cm s—1. EZChrom Elite softwAgilent Technologies, Inc. 2006)

was used for data analysis. FAME identification wasried out by comparison with the
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certified standard Supelco FAME 10 mix 37 (CRM478B8llefonte, PA, USA), according

to the official AOCS method Ce 1b-89.

2.2.17. Statistical analysis

Data represent the mean value = SD of at lease timdependent experiments; each
experiment was performed in triplicate. Statistismgnificance was determined by either
Student’s t-test or one-way ANOVA followed by a Byks test. p-values lower than 0.05
were considered statistically significant. For cytemistry studies, 10 fields per sample
were analyzed in each case. The Western blots shosvrepresentative images of samples

from three independent experiments.

3. Results
3.1. Characterization of lipid status in A538%yn neurons

We have previously reported that Fe exposure mesiilaeuronal lipid metabolism and
that TAG content increases in response to oxidatijpey [24]. In this work, our aim was
to study the lipid metabolism status in neuronsrexgressing A53Ti-syn and exposetb

Fe injury. For this purpose, we worked with dopasngic N27 neurons (untransfected-UT)
and two derived cell lines that stably expresseeithe empty vector (pcDNA) or the
mutant form ofa-syn A53T (A53Ta-syn). The expression ofsyn in A53Ta-syn cells
was evaluated by immunocytochemistry. A58Eyn cells showed increased levels of the

protein with respect to controls pcDNA and UT cé¢hgy. 1A).

To evaluate whether A53d-syn has any effect on lipid status we first check&G, PL

and chol content. To determine whether the tratisfe@and antibiotic-directed selection of

15



stable cell lines could affect lipid content, weathecked lipid levels in UT and pcDNA
cells. Both UT and pcDNA cells showed similar chel, and TAG content (Fig. 1B-D).
A53T a-syn cells displayed a 40 % increase in TAG lewath no changes in PL and chol
content when compared with pcDNA and UT controlg.(EB-D). Cell viability in A53T
a-syn cells showed a slight decrease (10 %) witpeesto controls (Fig. 1E). We also
evaluated TAG content in two different neuronalke8n(N27 and human IMR-32 cells)
stably transfected with the wild type form @fsyn: while N27 cells showed no changes,
levels of lipids were increased in IMR-32 cellst@daot shown). We assume that levels of
a-syn expression depending on the cellular type goveis lipid switch more than the
specific form of the protein (mutated vs wild typ€ur results demonstrate thatsyn
overexpression in Ab53To-syn cells is able to alter neuronal TAG contenthaut
substantial changes in cell viability. For this sea, our experimental system could
constitute a cellular model for studying the earlyents of PD when the mutated A53T

form of a-syn is present.

To confirm the increase in-syn expression in A53T-syn cells, protein levels were
evaluated by Western blot. Cells transfected wliil Yector containing the A53d-syn
form displayed a 300 % increase ansyn protein levels with respect to empty vector
controls (Fig. 2A). In order to further characterithe TAG increase in A53d-syn cells,
we evaluated the presence of lipid droplets usiiigRed O staining. We observed an
increase in lipid droplets formation in cells ovgreessing the A53T form ofi-syn
compared to pcDNA controls (Fig. 2B). We also cleetkhe dopaminergic marker
Tyrosine Hydroxylase (TH) and detected no changeduded by AS53T a-syn

overexpression (Fig. 2C). The lack of TH alteratsomd the small changes observed in cell

16



viability (Fig. 1E) argue in favor of a mild injunyroduced by A53Ta-Syn overexpression
that is accompanied by the accumulation of TAGathar unusual occurrence in healthy

neurons.

Cumulative evidence indicates thasyn overexpression and aggregation are associated
with the presence of several changes in lipid nadistn [15,16,33—36]. To correlate the
increase in TAG content observed in AS8Byn cells with the above mentioned findings,
we then checked acylation capacity by analyzing |[AyA synthetase (ACS) activity.
AS53T a-syn cells displayed increased ACS specific agtivihus showing a higher FA
availability (Fig. 3A). This higher FA bioavailaliijf is a necessary condition for the
increase in TAG levels; however another metabditway requiring CoA esterification is
mitochondrial FAB-oxidation, which we then proceeded to analyze legsuaring*H]-H,0
release fron{®H]-OA pre-labeled cells. We detected no changes irpfeXidation when
comparing pcDNA and A53%-syn cells (Fig. 3B). Taking into account the highe&CS
activity with no changes in FA-oxidation levels observed in A53d-syn cells and the
increased TAG levels, the most probable fate ofG&% derivatives is their esterification
in glycerol moieties. To discard the possibilityatithe TAG increase could be due to a
downregulation of lipase activity, we also evaldaidG hydrolysis in cellular lysates. For
this purpose, we measured the generatiorftdfglycerol, PH]-glycerol MAG and fH]-
glycerol DAG, using JH]-glycerol-TAG as substrate. We did not detecfetiénces in the

rate of TAG hydrolysis between pcDNA and A5&Eyn cells (Fig. 3C).

We also observed that AS53iFsyn cells expressed higher levels (a 300% incjeasEAS
than pcDNA cells (Fig. 3D). To evaluate the FA waiability, we then analyzed the total

FA content in both cellular lines. We observed &% 5ncrease in FA content in A53#F
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syn cells (Fig. 3E). Our results indicate that dwerexpression ofi-syn in A53T a-syn
cells upregulates neuronal lipid metabolism by pybng an increase in neuronal TAG

content.
3.2. Role of lipid metabolism in A53d-syn cells

Based on the results demonstrating an increasé@ [Evels in A53Ta-syn cells, and to
further investigate the far-reaching implication$ @-syn overexpression for lipid
metabolism we proceeded to investigate the efféantwbiting FA and TAGde novo
synthesis on the neuronal fate. For this purpose, measured cell viability after
pharmacological inhibition of key enzymes involvedboth processes. A53d-syn cells
were more resistant to different concentrationsthef pharmacological FAS inhibitor,
Cerulenin (Fig. 4A). We also analyzed cellular vigpin the presence of Malonyl-CoA,
an allosteric inhibitor of the key enzyme in BAoxidation carnitine palmitoyl-transferase-

1. We detected no alterations in cellular viabilitypcDNA or A53Ta-syn cells (Fig. 4B).

To evaluate the role of TAGle novo synthesis in the neuronal response atsyn
overexpression we used Triacsin C for inhibiting $\Ghe enzyme responsible for FA
activation before esterification in the glycerolcklbone. AS53T a-syn cells showed
diminished viability in the presence of Triacsin(kig. 4C). In addition, we also used DL-
Propranolol for inhibiting lipin-1, the rate-limitg step enzyme in TAG synthesis. The
presence of DL-Propranolol rendered A58Byn cells more sensitive and affected cell
viability (Fig. 4D), thus demonstrating thatsyn overexpression in A53d-syn neurons
increase TAG levels as a neuroprotective stratdfp cannot rule out that TAG
appearance, rather unusual for a neuronal phenotgutd constitute an early marker of

neuronal injury.
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3.3. Effect of Fe exposure on A583syn neurons

As previously stated, Fe accumulation and the apreg OS increase are hallmarks of the
dopaminergic neuron environment in PD [18]. To aat# the effect of the metal injury on
A53T a-syn neurons, cells were exposed to Fe (1 mM) asgn aggregation and OS

parameters were evaluated.

A53T a-syn cells exposed to Fe showed increased levetssyh compared with cells
treated with vehicle (Fig. 5). A similar effect wabserved in pcDNA cells. This is in
agreement with previous findings that the metalke to modulate-syn expression at the
translational level [37]. To determine the effetFe on A53Ta-syn aggregation we used
the intracellular probe Thioflavin S. The extentTdfioflavin S fluorescence indicates the
presence of protein aggregates. A32%yn cells exposed to Fe showed the highest levels
of fluorescence, thus demonstrating that metal sxyo induced increased-syn

aggregation (Fig. 5).

To determine the role of Fe in neuronal injury iB3A a-syn cells, OS markers were then
evaluated. The reactive oxygen species (ROS) cbr{tapasured by using the probe
DCDCDHF) observed in pcDNA cells exposed to Fe wigker than that in A53T-syn
cells (Fig. 6A). Moreover, ROS levels were redubgdi-syn overexpression in A53d-
syn cells after Fe challenge. In harmony with theesilts, Fe-exposed A53Fsyn cells
showed a decrease in lipid peroxide levels and lLtBldase compared with pcDNA cells
(Fig. 6B and C). However, A53d-syn cells exposed to Fe showed the highest |lefels
TAG (Fig. 6D). These findings suggest that the Ista@xpression ofi-syn in A53Ta-syn

cells could exert a protective function againstiréiiced OS in dopaminergic neurons.
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This effect could be mediated at least in part by sequestration of Fe during the

aggregation of AS53hi-syn.

4. Discussion

One of the most characteristic events in PD isat@mulation and aggregation of different
a-syn variants in theubstancia nigra pars compacta. The mutated form of the presynaptic
protein a-syn, A53T, is one of the leading causes of eanyet familial PD. Besides
overexpression and aggregation of differ@styn variants, another intriguing characteristic
of PD is Fe accumulation [38,39]. The role of Fehia ethiopathogenesis of this pathology
is supported not only by its higher levels in thaib (post-mortem determination inPD
patients) but also by reports showing that the adhtmation of Fe chelators and the
overexpression of Fe-binding proteins are neuregtote strategies in PD animal models
[23,40,41]. In line with this, the A53T-syn mutant presents high Fe affinity and an
increased rate of oligomerization when complexeth whe metal [9,22]. Recemt vivo
experiments in Drosophila, showed that Fe overload can trigger different
neurodegeneration phenotypes in the presence &3B€ o-syn mutant, clear evidence of

the interaction between the mutated protein andriéial [42].

Our studies reveal that A53Fsyn neurons exposed to Fe displayed lower ROSipiad
peroxidation levels than pcDNA cells. The decrease®S markers in the presence of
AS53T a-syn cells might be a consequence of the enhaneebirfeling properties of the
mutated form ofr-syn [9,22]. It is important to note that our expents were performed
with Fe 1 mM, a concentration we have previouslgvah to trigger mild oxidative injury
in dopaminergic neurons [24Under our experimental conditions an increase & th
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aggregated form af-syn (measured as Thioflavin S fluorescence) canliserved in Fe-
exposed neurons. It has been reported that higk&al moncentrations (10 mM) promote
protein fibrillation [9]. Another consequence ofetlire binding capacity of A53®&-syn
might be its enhanced aggregation. This metal dadwaggregation could be implicated in
the metal scavenger activity of the mutated protiins diminishing Fe oxidant activity. In
this connection, wild-type-syn has been reported as a ferrireductase, whaghhmlp cells

to maintain the Fe(ll)/Fe(lll) ratio necessary flmpamine synthesis [19]. The possibility
cannot be discarded that the mutant AB33yn -either because of the substitution of
alanine by threonine, or because of the aggregatauced by the metal- is unable to act as
a ferrireductase, thus lowering the Fe (Il) levetsessary for the Fenton reaction. Protein
concentration may be another factor involved. Ipesinents performed with hydroxyurea
in Saccharomyces cerevisiae, the balance between protection and toxicity wegeddent
on thea-syn concentration and its subcellular localizatjdB]. Moreover, it cannot be
ruled out that the apparent protective role of AB33yn observed in our experiments is

due to an early function that when lost, triggeranedegeneration.

Equally striking is the fact thai-syn has a strong tendency to bind FA, PL and lipid
droplets and to alter several aspects of lipid bwism [15,44—-46]. Moreover HEK 293
cells overexpressing A53d&-syn and subjected to FA overload showed incred%@
levels [13,45]. Based on these data, it can be thygstzed that there is a strong correlation
between neuronal lipid metabolism;syn pathology and Fe accumulation in PD. In
harmony with this hypothesis, we show here thatstladle expression of A53d-syn in
dopaminergic neurons disturbs neuronal lipid mdtalmoand that this effect is even more

pronounced in the presence of Fe. An unexpectexhctegistic of A53Ta-syn neurons is
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the higher TAG content and increased lipid drofdemation with respect to control cells.
The rise in TAG levels was accompanied by an irsgeéa ACS activity without alterations
in FA B-oxidation or TAG hydrolysis. Our results demontgrdnat TAG accumulation was
enhanced mainly by the increased bioavailabilitf-AfCoA derivatives. Since PL content
was not affected, the unique consequence of tlasezkated ACS activity was the elevated
levels of TAG. Based on our experiments performét whe mutant AS3T we cannot rule
out that others forms ai-syn overexpression had the same effect dependirigeolevels
of protein expression. Pioneering work from Murghiab demonstrated that wild-type
syn, but not mutants, modulate brain arachidonatalolism through the modulation of
ACS activity [47]. Further studies demonstrate thatablation ofi-syn expression (SNCA
knock-out mice) induces a significant reductiorhia incorporation rate of arachidonic and
docosahexaenoic acid into brain PL, thus promoiiegeased proinflammatory cytokine
secretion [10,11,36]. Moreover, it has been regbttata-syn mutants (A53T and A30P)

displayed differential TAG turnover in lipid loadéteLa cells [45].

Our results demonstrate thatsyn overexpression in A53d-syn cells induces a TAG
increase that could be a consequence of ACS umttgul revealing its involvement in
lipid metabolism. This unexpected lipid metaboldtsh for a neuronal cell could indicate

the onset of the neurodegenerative process.

5. Conclusions

We have previously shown that during Fe-induced B8, increase in TAG content in
dopaminergic neurons is a smart neuroprotectiveoagp for preserving arachidonic acid

from lipid peroxidation [24]. In agreement with $hiAS3T a-syn cells were also able to
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modulate TAG metabolism to face mild oxidative dgmaOur results suggest that the
early cellular events triggered by-syn in AS53T cells involve alterations in lipid
metabolism that lead to TAG accumulation and newtggtion against Fe-induced
oxidative stress. This metabolic switch could beligative of the early onset of

dopaminergic neurodegeneration (Graphical Abstract)

6. Acknowledgements

SSC was a PhD fellow of the Consejo Nacional destigaciones Cientificas y Técnicas
(CONICET). GAS and NA are research members of C@NIC This work was supported
by grants from the Agencia Nacional de PromociénenGfica y Tecnologica
www.agencia.mincyt.gob.ar/ (PICT2010-0936, PICT20987), CONICET
www.conicet.gov.ar (PIP1122009010068) and the Usidad Nacional del Sur

www.uns.edu.ar (PGI24B226) to GAS.

Authors wish to thank Wiener laboratories for kingroviding LDH kits and Dr. Benjamin
Wolozin for kindly providing the A53Ti-syn DNA construct. Authors are also grateful to
Ignacio Bergé and Dr. Ana Maria Roccamo for asstsan molecular biology techniques,

and Dr. Ana Ves Losada for kindly providing Triat$i.

Figure legends

Fig. 1. Lipid status in A53Ta-syn-N27 cells (A)a-syn expression in dopaminergic
neurons. Fluorescence photomicrographs of UT, pcDBiAd AS53T a-syn cells.

Representative images from three different experimare showrFluorescence intensity
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guantification (AU) is shown in the graph below theages. (B) Chol levels in UT, pcDNA
and A53Ta-syn neurons. Chol levels were determined by arco&dric assay as described
in Materials and Methods. (C) Lipid phosphorus eontin UT, pcDNA and A53Ta-syn

cells. Total lipid phosphorus content was deterehity the method of Rouser et al.
(Rouser et al., 1970). Results are expressed as lygd phosphorus. (D) TAG content in
UT, pcDNA and A53Ta-syn cells. TAG content was determined by an enzgpeific

colorimetric assay as specified in Materials andhdds. (E) Determination of cellular
viability in UT, pcDNA and A53Ta-syn cells using MTT reduction assay. (B, D-E) Rissu
are expressed as a percentage of the control aresemt mean + SD (n=3). *p < 0.05 with

respect to the control condition.

Fig. 2. Characterization of A53d-syn cells. (A) Immunoblot ofi-syn expression levels in
lysates from pcDNA and A53T-syn cells from two independent experiments. One
representative blot of three different experimastpresented. Bands eofsyn (19kDa)
were quantified through scanning densitometry. dda in the graph on the right represent
the ratio between-syn andp-actin (mearx SD of three different experiments, * 0.05
with respect to the control). (B) Oil Red O stamifor lipid droplets. Fluorescence
photomicrographs show the formation of lipid drapl@vhite arrows) in pcDNA and A53T
a-syn cells. (C) Expression of TH in pcDNA and A58%&yn neurons. Pictures show TH
expression levels analyzed by immunocytochemisiitye graph below represents the

fluorescence intensity (AU). (B-C) DAPI was usedrioclear staining.

Fig. 3. Characterization of lipid metabolism in A53-syn cells. (A) ACS activity in
pcDNA and A53Ta-syn cells was determined through the radioactiaggay described in

Materials and Methods. Results are expressed asfipti] oleoyl-CoA pemg of protein
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and represent mean = SD (n=3). *p < 0.05 with resfrethe control condition. (B) FA-
oxidation was measured in pcDNA and A53%yn neurons by means of the release of
[*H]-H,O as described in Materials and Methods. Resuéiseapressed as dpm BH]-
H,O per ml and represent mean + SD (n=3, ns= nofiignt difference with respect to the
control condition). (C) TAG lipasactivity was studied in pcDNA and A53iFsyn neurons
as described in Materials and Methods. Data reptedjgm of tritiated species (glycerol,
MAG and DAG) normalized with protein content. Résukpresent mean + SD (n=3, ns=
no significant difference with respect to the cohtrondition). (D) Expression levels of
FAS in pcDNA and A53Ta-syn neurons were analyzed by Western blot. Weditnh
images are representative of three different erpenis.(E) Total FA content. FA of all
lipid classes from pcDNA and A53d-syn cells were quantified by GC as describe in
Materials and Methods. Results are expressed aBAigormalized by phospholipid P

content and represent mean + SD (n=3, * p < 0.@b keispect to the control condition).

Fig. 4. Role of lipid metabolism enzymes in A58Eyn cell viability. The schematic view
shows the FA synthesis/degradation and Kennedywaagth and site of action of the
pharmacological inhibitors: Cerulenin (FAS inhibbjto Malonyl-CoA (@3-oxidation
inhibitor), Triacsin C (ACS inhibitor) and DL-Pragumolol (lipin 1 inhibitor). (A) Effect of
the FAS inhibitor Cerulenin on cell viability. pcDNand A53Ta-syn cells were exposed
to different concentrations of Cerulenin or its i and cell viability was assayed by
MTT reduction. (B) Effect of the3-oxidation inhibitor Malonyl-CoA on cell viability.
pcDNA and A53Ta-syn cells were treated with different concentragi@f Malonyl-CoA
or its vehicle and cell viability was assayed by Mieduction. (C) Effect of Triacsin C on

cell viability. pcDNA and A53Ta-syn cells were exposed to the ACS inhibitor TriiadS
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(5 uM) or its vehicle and cell viability was evaled by the MTT reduction assay. (D)
Effect of DL-Propranolol on cell viability. pcDNAna A53T a-syn cells were treated with
the lipin inhibitor DL-Propranolol (10QM) or its vehicle and cell viability was determined
by the MTT reduction assay. (A-D) Results are espeed as a percentage of the control and

represent mean + SD (n=3, * p< 0.05 with respethéocontrol condition).

Fig. 5. A53Ta-syn aggregation after Fe exposure. pcDNA and A&3¥n neurons cells
were treated under control conditions and in thes@nce of Fe (1 mM) for 24 h. After
treatments, cells were processed for immunocyto@tignstudies with an antibody against
a-syn (red) and subsequently incubated with Thiafi& (green) as described in Materials
and Methods. Nuclei were stained with Hoechst (bliRepresentative images of three
different experiments are shown. The data in tlaplgs represent the fluorescence intensity
of a-syn (left panel) and Thioflavin S (right panel) damt SD of three different

experiments, * i 0.05 with respect to the control).

Fig. 6. Effect of Fe exposure on the neuronal respao A53Ta-syn variant. (A) Cell
oxidant levels in pcDNA and A53ad-syn cells after Fe exposure. Cells were treatdd wi
Fe (1 mM) or its vehicle for 24 h and subsequentbubated in the presence of LM
DCDCDHEF in order to determine ROS levels. Resuléesexpressed as AU normalized by
protein content and represent mean + SD (n=3, *O@5 with respect to the control
condition). (B) Lipid peroxide levels in pcDNA a#b3T a-syn cells exposed to Fe. Cells
were treated as described in A and lipid peroxiatatwas evaluated by TBARS
determination. Results are expressed as a pereenfdatpe control and represent mean *
SD (n=10, * p < 0.05 with respect to the controhdibion). (C) Plasma membrane

permeability in pcDNA and A53Ti-syn cells after Fe exposure. LDH leakage assay was
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assessed after cells were treated with the conditiiescribed in A. Results are expressed
as a percentage of the control and represent m&ih =6, * p< 0.05 with respect to the
control condition). (D) Effect of Fe treatment oAG levels in A53Ta-syn cells. TAG
content was analyzed in pcDNA and A538%yn cells treated as described in A. Results
are expressed as a percentage of the control anesemt mean £ SD (n=3, * p< 0.05 with

respect to the control condition).

Graphical Abstract. Effect of A53T-syn overexpression and Fe exposure on neuronal
lipid metabolism. A53Ta-syn overexpression increased FAS expression levelsS
activity and TAG content. A53%-syn diminished ROS generation and lipid peroxmfati
induced by Fe-exposure. A53iFsyn cells exposed to Fe showed increased TAG obnte
The appearance of TAG in A53Fsyn cells could constitute a marker of neuronplrin

during the early stages of PD.
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