Accepted Manuscript

Genetic activation of parkin rescues TAF15-induced neurotoxicity in a Drosophila
model of amyotrophic lateral sclerosis NEUROBIOLOGY
) AGING
Youngjo Kim, Hyung-Jun Kim, Sun Joo Cha, Hyun-Jun Choi, Hayoung Kim,
Sanghyun Lee, Yu-Mi Jeon, Mihye Lee, Seongsoo Lee, Kiyoung Kim

PIl: S0197-4580(18)30348-8
DOI: 10.1016/j.neurobiolaging.2018.09.023
Reference: NBA 10386

To appearin:  Neurobiology of Aging

Received Date: 18 October 2017
Revised Date: 9 August 2018
Accepted Date: 14 September 2018

Please cite this article as: Kim, Y., Kim, H.-J., Cha, S.J., Choi, H.-J., Kim, H., Lee, S., Jeon, Y.-M., Lee,
M., Lee, S., Kim, K., Genetic activation of parkin rescues TAF15-induced neurotoxicity in a Drosophila
model of amyotrophic lateral sclerosis, Neurobiology of Aging (2018), doi: https://doi.org/10.1016/
j-neurobiolaging.2018.09.023.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.neurobiolaging.2018.09.023

Brief Communication
Genetic activation of parkin rescues TAF15-induced neurotoxicity in a Drosophila
model of amyotrophic lateral sclerosis

Youngjo Kinf, Hyung-Jun Kirfi, Sun Joo CHaHyun-Jun Chdj Hayoung Kinf, Sanghyun Léfe Yu-
Mi Jeorf, Mihye Leé, Seongsoo LéeKiyoung Kinf- "

®Soonchunhyang Institute of Medi-bio Science, Soanblgang University, Cheonan 31151, Korea
*Department of Neural Development and Disease, KBram Research Institute (KBRI), Daegu
41068, Korea

‘Department of Medical Biotechnology, Soonchunhy@angersity, Asan 31538, Korea

YGwangju Center, Korea Basic Science Institute (§BSWangju 61186, Korea

"“To whom correspondence should be addressed: KiyimgDepartment of Medical
Biotechnology, Soonchunhyang University, Asan, BlK8rea; Tel: 82-41-413-5024; Fax: 82-41-
413-5006; E-mail: kiyoung2@sch.ac.kr

Abstract

Amyotrophic lateral sclerosis (ALS) is a devastgtmeurodegenerative disorder that is characterized
pathologically by the loss of motor neurons. Mutas in theTAF15 gene have been implicated in the
pathogenesis of ALS. TATA-binding protein assodiatéactor 15 (TAF15) accumulates as
cytoplasmic aggregates in neuronal cells, the atear of which may be a therapeutic strategy for
ALS. However, the identification of a novel regulatfor protection against a TAF15-induced
proteinopathy, and the exact pathogenic mechanisrAlB15-induced neurodegeneration remains to
be elucidated. Here, we show that parkin direcityld to TAF15, and that parkin overexpression can
suppress the defective phenotypes, including tesgan and locomotive activity of a TAF15-induced
proteinopathy. We also found that overexpressiopawkin in neuronal cells leads to a reduction in
TAF15 levels, due to the E3 ubiquitin ligase atyivf parkin. Our study provides vivo evidence
supporting the use of parkin for neuroprotectioraifAF15-induced proteinopathy and offers new
insights into the pathogenic mechanisms underlykig15-induced ALS.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a devastgtimeurodegenerative disorder that is
characterized pathologically by the loss of uppet Bwer motor neurons (Cleveland and Rothstein,



2001). Although most cases of ALS occur in a sporaganner, 10% of ALS cases are hereditary and
can be attributed to mutations in specific geneghdyenic mutations in several genes, including
SOD1, TDP-43, FUS, UBQLN2, OPTN, VCP, andC90RF72 have been linked to the familial form of
ALS (DeJesus-Hernandez et al., 2011, Deng et @11, 2ecto and Siddique, 2011, Ince et al., 2011,
Kapeli et al., 2017). Recently, dominant mutationgenes coding for different DNA/RNA-binding
proteins with prion-like domains, including TAR DMNAnding protein 43 (TDP-43), fused in
sarcoma (FUS), ewing sarcoma protein (EWS), andAfdinding protein associated factor 15
(TAF15), have been found in familial and sporadases of ALS (Lagier-Tourenne and Cleveland,
2009, Gitler and Shorter, 2011, Ticozzi et al., DOTAF15, FUS, and EWS constitute the ten-eleven
translocation (TET) family of RNA-binding proteinSimilar to TDP-43 and FUS propertigsvitro,
TAF15 also forms aggregates in the cytoplasm, teath increased neuronal toxicity (Neumann et al.,
2011). Recently, mutations in TAF15 have been iogpéd in the pathogenesis of familial and
sporadic ALS (Couthouis et al., 2011, Ticozzi et 2D11). Similar to TDP-43- and FUS-induced
proteinopathies, the sporadic ALS-linked variarft3AF15 caused cytoplasmic aggregate formation
in the spinal cord neurons of rat embryos and raegeneration irDrosophila (Couthouis et al.,
2011). Although the aggregation of TAF15 proteissaccompanied by the loss of their nuclear
localization, it remains unclear whether TAF15 aggtion or mislocalization to the cytoplasm is the
pathogenic event that initiates ALS (Schwartz et2815). Furthermore, genetic variants of TAF15 in
ALS patients and a role for TAF15 in frontotempolaibar degeneration have been demonstrated
(Svetoni et al., 2016). These findings highlightienportant role of TAF15 in the pathogenesis of
ALS. Therefore, clearance of cytoplasmic TAF15 aggtes may be a therapeutic strategy for ALS.
However, the identification of a novel regulator fivotection against TAF15-induced neurotoxicity
and the exact pathogenic mechanism of TAF15-induegtiodegenerative disease have not yet been
elucidated.

Recent studies have shown that protein qualitytrobrmechanisms are critical factors in the
pathogenesis of various neurodegenerative disedsesvestigate the molecular mechanism of
TAF15-induced ALS pathogenesis, we utilized Bresophila model system to study the underlying
pathogenic mechanisms of neurotoxicity by overesgirgg human TAF15. We found that parkin is a
novel interacting partner of TAF15 rosophila. Parkin is an E3 ubiquitin ligase involved in the
ubiquitin-proteasome system (Dawson and Dawson3)2@thich has a protective function against a
number of toxic insults, including several molesulleat are substrates for ubiquitination (Yanglet a
2003, Lo Bianco et al., 2004). Here, we show thegrexpression of parkin in a TAF15-expressing
background partially rescues the defective phemstymcluding the lifespan and locomotive activity,
which are TAF15-induced. Furthermore, our resulisws that the level of TAF15 expression
dramatically decreases when co-expressed with pamkily heads. In addition, down-regulation of
parkin enhanced the expression level of TAF15 irrT3-expressing fly heads. These data suggest
that TAF15 may be a novel substrate of parkin. Tlaus results provide new insights into the
pathogenic mechanisms underlying TAF15-induced Al suggest drug targets for developing



therapeutic approaches to TAF15-associated neueodegtive diseases.
2. Materialsand Methods

2.1. Drosophila stocks

All stock flies were raised at 25 °C on standarddfoCrosses were performed using a standard
procedure and all progeny were raised at 29 °C.UA®TAF15 lines were a gift from Dr. N. Bonini.
The UAS-parkin, UAS-parkin®*", UAS-parkin™, and UAS-PINK1 lines were obtained from Dr. J.
Chung. TheUAS-parkin RNAI (BL31259) andUAS-ubiquitin (BL32055) lines were obtained from
the BloomingtonDrosophila Stock Center. The pan-neuronal driveav-Gal4, and the eye-specific
driver, GMR-Gal4 lines were also obtained from the Blooming@rosophila Stock Centerw™®
flies were used as a control. Fly lines are listetable S1.

2.2. Immunoprecipitation assay

Two hundred male fly heads were dissected from yrali@d flies and extracted with an
immunoprecipitation (IP) lysis buffer (50 mM TriscH 150 mM NaCl, 10% glycerol, 5 mM EDTA,
5 mM EGTA, 0.1% NP-40, and 1x protease inhibitaktail, pH 8.0). The supernatant was collected
and mixed with anti-TAF15 antibody (4 pg; GeneTex)anti-Drosophila parkin antibody (1:100, a
gift from Leo Pallack, University of Washington) 4t°C for 4 h. The samples were mixed with
protein G-sepharose (Sigma-Aldrich) at 4 °C forhl2After eight washes with the IP lysis buffer,
samples were denatured in 2x SDS sample buffesraesul using a 4~12% gradient SDS-PAGE gel,
transferred to polyvinylidene difluoride (PVDF) meranes (Millipore), and analyzed using western
blotting.

2.2. Life span and climbing assay

Twenty male flies of each genotype were placed difi@rent vials and maintained at 29 °C. On
each of the subsequent days, all groups were &@agsdfto fresh vials. The number of dead flies was
recorded.

Climbing performance was assessed using a neggdéwtaxis assay. Ten male flies of each age
group were anesthetized with €@nd placed in a column vial. After a 30-min reagyvdies were
tapped to the bottom of the column. Flies that loBehto the top of column were counted after 1 min.
The assay was repeated four times for each sarhfllesoat 5 min intervals.

2.3. Immunohistochemistry

Adult fly brains were dissected from 14-day-oletdliand fixed with 4% formaldehyde in a fixative
buffer (100 mM PIPES, 1 mM EGTA, 1% Triton X-100yda2 mM MgSQ, pH 6.9). The brains were
then stained overnight at 4 °C with rabbit anti-T&Fantibody (1:200; GeneTex). The samples were
then incubated with Cy3-conjugated secondary adigdso (1:200; Jackson Immunoresearch) and



DAPI (1:500; Sigma-Aldrich). All images were anadylz using a DE/LSM510 NLO Carl Zeiss
confocal microscope.

2.4. Western blot analysis

Protein extracts for western blot analysis wergared by homogenizing ten 14-day-old male fly
heads. The total protein extracts (1) were separated using a 4~12% gradient SDS-PASGEN
transferred to PVDF membranes (Millipore). The meanles were blocked with tris-buffered saline
(TBS) with 4% non-fat dry milk or 4% bovine serutbamin (BSA) for 1 h. The following primary
antibodies were used: rabbit anti-TAF15 (1:1000n&3@Xx), rabbit antidrosophila parkin (1:1000; a
gift from Leo Pallanck, University of Washingtonjnouse anti-ubiquitin (1:1000; Enzo Life
Sciences), and rabbit arfitiactin (1:4000; Cell Signaling). The primary antlbes were detected with
the following horseradish peroxidase (HRP)-conjadasecondary antibodies: goat anti-rabbit 19G
HRP conjugate, and goat anti-mouse IgG HRP corgu(faP000; Millipore). Detection was carried
out using an ECL-Plus kit (Amersham).

2.5. In vivo ubiquitination assay

Two hundred male fly heads were dissected fromy‘adid flies and homogenized in the IP lysis
buffer (50 mM Tris-HCI, 150 mM NaCl, 10% glycerdl,mM EDTA, 5 mM EGTA, 0.1% NP-40, and
1x protease inhibitor cocktail, pH8.0) with 50 uM332 (Millipore) and centrifuged at 12,000yx
for 30 min at 4 °C. The supernatant was incubatéid an anti-TAF15 antibody (3 pg; GeneTex) and
then with protein G sepharose (GE Healthcare) ford 4 °C. Beads were washed five times with
PBS and boiled in the SDS sample buffer (Invitrggen

3. Results

To find novel regulators of TAF15-induced neurodegative disease, we sought to identify novel
binding partners of TAF15 that are related to proguality control. We first performed a gene
ontology analysis using the GeneMANIA predictiomvee (Warde-Farley et al., 2010) to generate
networks of interaction between TAF15 and parkig(51). Since the results showed that TAF15
exist in tight networks with parkin and various @tiproteins, we speculate that TAF15 binds to
parkin. We subsequently examined this physicataat#on by co-immunoprecipitation using TAF15-
expressingOrosophila head extracts. We found that parkin reciprocatlyyramunoprecipitated with
TAF15 (Fig. 1A and 1B, arrowhead). This result sedwhat parkin is a novel interacting partner of
TAF15 in Drosophila. Notably, parkin is an E3 ubiquitin ligase invalvén the degradation of
misfolded or aggregated proteins (Shimura et 8002 Furthermore, previous studies have indicated
that parkin increases proteasome activity, leattinipe degradation of ubiquitinated proteins (Burns
et al., 2009, Khandelwal et al., 2010). Thereftinese data led us to investigate the importantleeof
parkin gene on protein quality control by modifying a redegenerative phenotype in TAF15-



expressing flies.

We next examined the genetic interactions betwsekin and TAF15 in Drosophila eye. Taking
advantage of the retinal degeneration phenotypeacied by TAF15 overexpression using BeIR-
Gal4 driver, we performed genetic interaction experitaeAs shown in Fig. 1C, expression of parkin
andparkin RNAI did not result in obvious defects in the €ifgy. 1C and S2). However, expression
of TAF15 led to retinal degeneration, consistenthwirevious research (Couthouis et al., 2011).
Overexpression of thearkin gene in theDrosophila eye suppressed the retinal degenerative
phenotype induced by TAF15. Furthermore, specibwmregulation of thearkin gene severely
enhanced the rough eye phenotype in TAF15-expre$sas. These flies often had necrotic plaques
(Fig. 1C, arrowheads), indicative of consideralgk death. The necrotic plaquesparkin RNAi and
TAF15 co-expressing flies were severely increasedn age-dependent manner. Furthermore, we
examined the effects of parkin co-expression oesfpin. Previous research showed that TAF15
induced a dramatically reduced lifespan when eggesn the neuronal system (Couthouis et al.,
2011). TAF15 has activity sufficient to confer nedegeneration, in a manner similar to that of other
ALS-causing proteins, including TDP-43 and FUS (tbouis et al., 2011). When driven by the
neuron-specifielav-Gal4 driver, the over-expression of TAF15 significardlifected the viability of
the flies in our experiments. Consistent with thglrenotypes in the eye, TAF15-expressing flies
displayed a decreased lifespan. The expressionaddirpincreased the lifespan of the TAF15-
expressing flies, while the down-regulation of parin TAF15-expressing flies severely decreased
their lifespan when compared to flies that expréssther TAF15 oparkin RNAI (Fig. 1D). We also
found that the locomotive activity of TAF15-expriegsflies was markedly improved in the presence
of parkin over-expression. However, parkin downdatagon dramatically promoted an age-dependent
impairment of locomotive activity in TAF15-expresgi flies (Fig. 1E). We next expressed
membrane-tethered red fluorescent proteins (MCDB}RIBing the motor neuron-specibe2-Gal4
driver to visualize motor neuronal morphology irukidly legs. TAF15-expressing flies displayed
increased axonal degeneration in the motor neurbtiseir legs. The expression of parkin rescued
the axonal degeneration in TAF15-expressing flieg.(S3). Taken together, these results indicate
that parkin is a novel modifier of TAF15-inducedunedegeneration, and that the neuron specific
expression of parkin protects against TAF15-indusearotoxicity inDrosophila.

Previous studies have indicated that parkin has3aanbiquitin ligase activity (Cha et al., 2005, Um
et al., 2010). To determine the molecular mecharomparkin-mediated protection against TAF15-
induced neurodegeneration, we measured the pnateeffiect on locomotive activity in mutants co-
expressing parkin and TAF15. Interestingly, therespion of two mutants of parkiparkin™, a

ubiquitin-like domain (UBL) deletion mutant, aperkin®’*?

that contains a point mutation similar to
the R42P mutation in autosomal recessive juvendigkipsonism patients, did not suppress the
decreased locomotive activity in TAF15-induceddli@ig. 1E). These results indicate that parkin
suppressed the defective phenotype of the TAF1%eed flies in an E3 ubiquitin ligase activity-

dependent manner, potentially further affecting finetein levels of TAF15. To investigate this



possibility, we first analyzed the levels of TAFitbDrosophila head extracts. Total proteins were
extracted from fly heads, and western blot analysis carried out to quantify the amount of TAF15
in a parkin and TAF15 co-expressing mutant in camspa with a TAF15-expressing mutant. As
expected, we found that the amount of TAF15 wasndtically decreased in the parkin and TAF15
co-expressing flies (Fig. 2A). Furthermore, the antoof TAF15 in TAF15-expressing flies was
strongly increased by the knock-down of parkin (F28). Moreover, consistent with our data on
locomotive activity, parkiff*” expression did not decrease the TAF15 proteinl l@veTAF15-
expressing flies (Fig. 2C)n vivo immunostaining analysis d@rosophila whole brain tissues from
TAF15-expressing flies was conducted using TAFlftbadies. Previous studies have indicated that
TAF15 is mislocalized and accumulates in the cyspl (Couthouis et al., 2011, Marko et al., 2012).
Our results reveal that TAF15 appears to get megémtand accumulates in the cytoplasm in the brain
cells of TAF15-inducing flies. Interestingly, theertsity of TAF15 signals in the brain were
significantly suppressed when co-expressed witkipgFig. 2D, magnified view). In addition, we
examined the effects of PTEN-induced putative lends (PINK1) overexpression in TAF15-
expressing flies. However, the overexpression ofkRl did not have any effect on TAF15 protein
levels (Fig. 2E). Thus, our results suggest thétipaegulates the amount of TAF15 protein, and tha
the suppressive effect on the TAF15 protein leyelphrkin is dependent on E3 ubiquitin ligase
activity.

It is unclear whether TAF15 can be ubiquitinatedgaykin. Therefore, the ability of parkin to
ubiquitinate TAF15 was examined. We co-expresseBIBRAand ubiquitin in the eye and performed
immunoprecipitation with anti-TAF15 antibody to shaibiquitinated TAF15 in the presence of
parkin expression. Parkin overexpression markedbmpted the ubiquitination of TAF15. This
observation indicates that parkin drives the ultinaiion of TAF15 (Fig. 2F). Previous studies have
suggested that parkin increases proteasome actledyling to the degradation of ubiquitinated
proteins (Um et al., 2010, Hong et al., 2014). €fme, a lack of parkin activity and proteasomal
inhibition may have led to the accumulation of TAF&nd its decreased solubility. Next, to
investigate whether autophagy is involved in thgrddation of TAF15 by parkin expression, we
assessed autophagy using an Atg8-GFP reporter timelazontrol ofelav-Gal4, which permits the
monitoring of autophagy induction, as Atg8 is rdpidegraded in the vacuole but GFP is not
(Klionsky et al., 2007). There were no detectaliianges in the formation of free GFP in the head
extracts of TAF15-expressing flies. Furthermore,faigend that there was no considerable change in
the autophagic flux between TAF15-expression andFIEA co-expression with parkin (Fig. S4).
Together, these data support the hypothesis thakinpacontributes to TAF15-induced
neurodegeneration and proteinopathy.

4, Discussion

The purpose of our study was to identify a novglutator for protection from neurotoxicity and to



further understand the protective mechanism againBAF15-induced proteinopathy, using genetic
and molecular experimental approacheBinsophila. Several studies suggest that the ubiquitination
of aggregated proteins may offer neuroprotecticairesy various neurodegenerative diseases. This is
an attractive proposition considering that the paBG3 ubiquitin ligase can degrade toxic proteins o
aggregates in the cytoplasm. Several studies heamired the role of parkin in neurodegenerative
diseases, which are caused by aberrant proteiegafgon. Overexpression of parkin has been shown
to protect against the neurotoxicity of human A88&ynuclein in a rat model of Parkinson’s disease
(Lo Bianco et al., 2004). The overexpression okimain amyloidf transgenic mice restores synaptic
plasticity and behavioral dysfunction (Hong et 2D14). Furthermore, parkin overexpression during
aging has been shown to decrease proteotoxicityglRaal., 2013).

Mutations in TAF15 have been implicated in familfdlS (Couthouis et al., 2011, Ticozzi et al.,
2011). TAF15 is predominantly found in the cell lmws, but also is present in the cytoplasm of the
cell (Neumann et al., 2011, Marko et al., 2012)tfkermore, in familial ALS, TAF15 is mislocalized
to the cytoplasm and then found in cytoplasmic egates of neuronal cells (Couthouis et al., 2011).
However, the exact pathogenic mechanism of TAF#bged proteinopathy and the molecular
mechanisms for removing TAF15 aggregates in theptgsm have not been fully elucidated. Here,
we showed a critical relationship between parkinuBRyuitin ligase and TAF15. Our results showed
that parkin dysfunction may play pathogenic role§AF15-induced neurodegenerative disease and
that overexpression of parkin suppressed the deéeqthenotypes, including the lifespan and
locomotive activity of TAF15-induced proteinopattNotably, western blotting and immunostaining
revealed that overexpression of parkin in neuraredls led to the reduction of TAF15 levels
dependent on parkin-mediated E3 ubiquitin ligaseviac Parkin directly bound to TAF15 and
mediated its degradation in response to ubiquitnatPrevious studies have suggested that parkin
increases proteasome activity, leading to the digi@n of ubiquitinated proteins. Therefore, a lack
of parkin activity and proteasomal inhibition magve led to TAF15 accumulation and its decreased
solubility. The activation of parkin led to the ghitination of TAF15, indicating the involvement of
parkin in TAF15 cellular metabolism, including itsytosolic accumulation and aggregation.
Furthermore, our data showed that PINK1 failed dscue TAF15-expressing flies. ThusAF15
either functions downstream gdarkin or acts independently gbarkin in a parallel pathway
downstream oPINK1.

In conclusion, because the pathogenesis of TARdGeed proteinopathy involves cytosolic
aggregation of toxic proteins, it is important tave a mechanism that mediates protein degradation
and prevents aggregate formation. Our study previteivo evidence supporting the use of parkin
for neuroprotection in a TAF15-induced proteinogath
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Figure Legends

Fig. 1. Parkin is a novel binding partner and regulator &ITAF15-induced proteinopathy in
Drosophila. (A, B) Overexpression of TAF15 together with parkirfly heads allowed the reciprocal
co-immunoprecipitation of TAF15 with parkin usingteTAF15 and anti-parkin as capture antibodies
and antibrosophila parkin and anti-TAF15 antibodies for western hhaft (arrowhead). TAF15
bound to the parkin in fly head extradisactin and total protein input were used as proliedualing
controls. (C) Genetic modulation of parkin alteted TAF15-induced retinal toxicity. A normal eye
phenotype was observed@MR-Gal4 control flies and flies expressing parkinparkin RNAi alone

in the eye (top panels, 3-day-old flies). Overegpien of parkin by th&SMR-Gal4 eye-specific
driver suppressed the rough eye phenotypes of TAR&Eexpressing flies. The TAF15-induced
rough eye phenotype was enhanced in transgeni deexpressing TAF15 witparkin RNAI
(middle panels, 3-day-old flies, arrowhead: necrgliaque). The necrotic plaquesparkin RNAI
and TAF15 co-expressing flies were severely in@eas an age-dependent manner (bottom panels,
21-day-old flies, arrowheads). (D) Lifespan of adnéle flies. Overexpression of parkin in neuronal
cells partially improved the reduced lifespan seemAF15-induced flies. Overexpression prkin
RNAI with TAF15 severely reduced the lifespan oégh flies (> 150). Flies from each genotype
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were subjected to survival assays at 29 °C. (E)dhesage of locomotive activity. Locomotive activity
of control and TAF15-expressing flies in the preserof parkin overexpression or RNAI.
Overexpression of parkin in neuronal cells supg@dbe reduced locomotive activity in TAF15-
induced flies. Flies co-expressing TAF15 widrkin RNAI displayed severely defective locomotive
activity. Error bars represent mean + standard aliewi of three independent experiments. The
significance was determined using two-way ANOVAg Tukey’s multiple-comparison test (F<
0.01).

Fig. 2. Parkin regulates the protein level of TAF15 by uiitipation. (A) Protein levels of TAF15 in
14-day-old parkin co-expressing fly heads. TAF18 parkin co-expression in neuronal cells resulted
in a significant decrease in TAF15 levelsactin was used as a loading control. Error bapsesent
mean * standard deviation of three independentrewpats. The experimental significance was
determined using a one-way ANOVA (5,< 0.01). (B) Protein level of TAF15 in 7-day-gbdrkin
RNAI co-expressing fly head®arkin RNAI led to enhanced TAF15 levelg-actin was used as a
loading control. Error bars represent mean + sta@hdaviation of three independent experiments.
The experimental significance was determined usirape-way ANOVA (*,p < 0.01). (C) Protein
level of TAF15 in 14-day-old parkit'® co-expressing fly heads. The mutant form of parkin
parkin*", expression did not decrease the amount of prineliAF15-expressing flieg-actin was
used as a loading control. (D) TAF15 aggregatethenfly brain. Brains dissected from 14-day-old
TAF15-expressing or parkin and TAF15 co-express$iieg were stained with anti-TAF15 antibody
(red) and DAPI (blue). Cytoplasmic aggregates vadrgerved in the brain of TAF15-expressing flies.
The density of TAF15 signals in the brain were sigantly suppressed when co-expressed with
parkin (dotted boxes, magnified imageszr6 brains per genotypes). Statistical significanaes
determined using the Studentgest (**, p < 0.001). (E) Overexpression of PINK1 does notehany
effect on TAF15 protein level§-actin was used as a loading control. (F) Westdon d&nalysis
showingin vivo ubiquitination of TAF15 in flies co-expressing kiawand ubiquitin. Ubiquitination of
TAF15 is regulated by parkin. Overexpression of TBEogether with parkin in fly heads showed the
co-immunoprecipitation of ubiquitin using anti-TAFhs a capture antibody and anti-ubiquitin and
anti-TAF15 antibodies for western blotting. Ubigui#ited TAF15 was increased in parkin co-
expressing fly heads. All flies were raised at €9 °
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Highlights

- Parkinisanovel interacting partner of TAF15 in Drosophila.

- Parkin suppressed the defective phenotype of TAF15-induced fliesin an E3 ubiquitin ligase activity-
dependent manner.

- Parkin regulates the amount of TAF15 protein.

- Parkin contributes to TAF15-induced neurodegeneration and proteinopathy.
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