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TDP-43 (43-kDa TAR DNA-binding protein) is a major con-
stituent of ubiquitin-positive cytosolic aggregates present in
neurons of patients with amyotrophic lateral sclerosis (ALS)
and ubiquitin-positive fronto-temporal lobar degeneration
(FTLD-U). Inherited mutations in TDP-43 have been linked to
familial forms of ALS, indicating a key role for TDP-43 in dis-
ease pathogenesis. Here, we describe aDrosophilamelanogaster
model of TDP-43 proteinopathy. Expression of wild-type
human TDP-43 protein in Drosophila motor neurons led to
motor dysfunction anddramatic reduction of life span. Interest-
ingly, coexpression of ubiquilin 1, a previously identified TDP-
43-interacting protein with suspected functions in autophagy
andproteasome targeting, reduced steady-stateTDP-43 expres-
sion but enhanced the severity of TDP-43 phenotypes. Finally,
ectopically expressed TDP-43 was largely localized to motor
neuron nuclei, suggesting that expression of wild-type TDP-43
alone is detrimental even in the absence of cytosolic aggrega-
tion. Our findings demonstrate that TDP-43 exerts cell-auton-
omous neurotoxicity inDrosophila and further imply that dose-
dependent alterations of TDP-43 nuclear functionmay underlie
motor neuron death in ALS.

Intracellular aggregates containing misfolded or improperly
modified proteins are a hallmark of many neurodegenerative
diseases (1). One such disease is amyotrophic lateral sclerosis
(ALS),3 which targets spinal motor neurons that control volun-
tary movement. ALS carries a cumulative lifetime risk of 1 in
1,000 and is fatal, leading to respiratory failure within 3–5 years

(2). Although extensively studied, the pathogenesis of ALS is
not well understood, and consequently there are no effective
treatments to slow the course of this disease.
The majority of ALS cases are sporadic, but �10% of cases

are familial (fALS) and have a clear genetic cause (2). The most
common genetic abnormalities leading to fALS are dominant
mutations in superoxide dismutase 1 (SOD1), with over 100
mutations identified to date (3). SOD1 has therefore been
extensively studied, and a mouse model of SOD1-induced ALS
is the major tool used to test potential therapeutics (4). How-
ever, SOD1 mutations account for �2% of all ALS cases, and
thus far, therapeutic strategies developed in SOD1 rodentmod-
els have not met with success in the clinical setting (5).
Recently, Neumann et al. (6) identified the 43-kDa TARDNA-

binding protein (TDP-43) as a common constituent of cytosolic
inclusions in patients with both ALS and a related disorder,
ubiquitin-positive fronto-temporal lobar degeneration (FTLD-
U). TDP-43 is highly conserved across species, ubiquitously
expressed, and localizes exclusively to the nucleus under nor-
mal conditions (7). Consistent with its nucleic acid binding
ability, TDP-43 has been implicated in the regulation of gene
transcription and mRNA splicing (8–10). In patients with ALS
and FTLD-U, TDP-43 is mislocalized to the cytosol, where
hyperphosphorylated, ubiquitylated, and cleaved forms have all
been detected in insoluble aggregates (6, 11–13). Furthermore,
a subset of fALS cases has been linked to dominantmutations in
the gene encoding TDP-43, TARDBP, with at least 25 different
mutations identified to date (14). Interestingly,TARDBPmuta-
tions have recently been found in sporadic ALS cases as well
(15, 16). Combined with the occurrence of TDP-43 aggregates
in ALS and FTLD-U patients even in the absence of suchmuta-
tions, these data strongly suggest that these related conditions
are caused by TDP-43 proteinopathy.
We recently identified ubiquilin 1 (UBQLN) as a TDP-43

binding partner (17). UBQLN is a ubiquitously expressed cyto-
solic protein that is believed to function primarily in targeting
misfolded proteins to the proteasome for degradation (18) and
has been linked to Huntington and Alzheimer disease (19, 20).
When overexpressed inmammalian cells, TDP-43 andUBQLN
colocalize in cytosolic aggregates that strongly overlap with
LC3-positive autophagosomes (17). Combined with recent evi-
dence suggesting a broad role for UBQLN in the unfolded pro-
tein response (UPR), these findings indicate that UBQLN may
be involved in delivering TDP-43 to the proteasome and/or
autophagosome for degradation (21). However, the contribu-
tion of UBQLN to TDP-43 proteostasis and toxicity in vivo is
unknown.
The objectives of this study were to develop a Drosophila

model of TDP-43 proteinopathy and to determine the effect
of UBQLN on TDP-43 toxicity. Expression of human TDP-
43 in Drosophila motor neurons led to a dose-dependent
reduction of life span. UBQLN coexpression reduced steady-
state TDP-43 levels but unexpectedly increased the severity of
TDP-43 phenotypes. Furthermore, TDP-43-dependent neuro-
degeneration occurred in the absence of aggregation. We pro-
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pose that changes in gene expression and/or splicing due to
alterations in TDP-43 nuclear gene dosage are responsible for
pathologic motor neuron death in this model of ALS.

EXPERIMENTAL PROCEDURES

FlyMaintenance—Fliesweremaintained and all crosseswere
performed at 25 °C unless otherwise indicated. To create trans-
genic lines, human TDP-43 and UBQLN cDNAs were sub-
cloned into the pUAST vector. Injection of plasmid into the
w1118 strain was performed by RainbowTechnologies, Inc., and
transformants were selected and balanced using standard
methods. The lines generated were: UAS-TDP-43L1/CyO,
UAS-TDP-43L2/TM3, UAS-TDP-43L3/TM3, UAS-UBQLNL1/
CyO, andUAS-UBQLNL2/TM3.TheGMR-Gal4 andD42-Gal4
driver lines were obtained from the Bloomington Drosophila
Stock Center. The UBQLNRNAi line was generously provided
by Dr. Ming Guo (22).
Antibodies and Protein Expression—The following antibod-

ies were used in this study:�-TDP-43 (Proteintech),�-UBQLN
(Zymed Laboratories Inc.), �-elav (Developmental Studies
Hybridoma Bank), goat �-rabbit Alexa Fluor 488, and goat
�-mouse Alexa Fluor 568 (Molecular Probes). To examine rel-
ative protein expression, transgenic lines were crossed to the
GMR-Gal4 driver. Heads were homogenized in high salt lysis
buffer (25 mM HEPES, pH 7.4, 300 mM NaCl, 1.5 mM MgCl2, 1
mM EGTA). Proteins were resolved by SDS-PAGE using stan-
dardmethods, andWestern blotting was then performed using
�-TDP-43 (1:2000), �-UBQLN (1:1000), or �-elav (1:1000)
antibodies. Quantification of Western blots was performed
using ImageJ (23). For cellular fractionation, heads were first
homogenized under low salt conditions (10mMHEPES, pH 7.9,
10 mM KCl, 1.5 mM MgCl2, 0.5 mM dithiothreitol) and centri-
fuged at 20,000 � g to separate the cytosolic fraction from
nuclear/insoluble material. The pellet was then treated with
high salt buffer to lyse nuclei, and a second round of centrifu-
gation at 20,000 � g separated the nuclear fraction from the
insoluble fraction.
Microscopy—For immunostaining of Drosophila motor

neurons, D42-Gal4-driven transgenic flies were dissected to
isolate the thorax and abdomen. The tissue was incubated
overnight in 4% paraformaldehyde, washed with phosphate-
buffered saline (pH 7.4), and incubated overnight in 30%
sucrose. Samples were placed in cryostat molds in OCT
medium (Tissue-Tek) and frozen on dry ice. Blocks were cut in
7-�m sections on a Leica Cryocut 1800 cryostat. Sections were
immunostained using standard methods. Antibody concentra-
tions used were: �-TDP-43 (1:50), �-UBQLN (1:50), �-mouse-
Alexa 568 (1:500), and �-rabbit-Alexa 488 (1:500). To ensure
that sections were at the right depth to visualize the thoracic
ganglia, this protocol was optimized using flies expressing
green fluorescent protein in all neurons. Fluorescence micros-
copy was performed using a Zeiss Axiovert 200M fluorescence
microscope. Transmission electron microscopy (TEM) of
ommatidia was performed as described previously (24).
Survival Analysis—Flies were kept at 25 °C with no more

than 15 flies per vial. Vials were changed every 3–5 days. Flies
were considered dead when they no longer moved in response
to tapping the side of the vial. For statistical analysis, a Cox

regressionwas performedusing the “survival” package available
for the statistical program R (25, 26). All genotypes were
included in the fit of the data. Statistical analysis found negligi-
ble differences between genders (data not shown); therefore, all
data shown include both male and female flies.

RESULTS AND DISCUSSION

Overexpression of TDP-43 Is Toxic in the Fly Eye—To test the
consequences of the TDP-43/UBQLN interaction in vivo, we
created transgenic Drosophila lines using cDNAs encoding
eitherwild-type humanTDP-43 or humanUBQLN. Expression
of these genes was under control of the upstream activating
sequence (UAS) promoter, which is specifically activated by the
yeast transcription factor Gal4. By crossing UAS-TDP-43 and
UAS-UBQLN transgenic flies to driver lines that express Gal4
in a tissue-specific manner, TDP-43 and UBQLN protein were
expressed only in the tissue of interest. Due to differences in
genomic insertion sites, the lines expressed the transgenes to
varying degrees. Of the three TDP-43 lines used in this study
(designated TDP43L1, TDP43L2, and TDP43L3), TDP43L1 and
TDP43L2 expressed the protein at similar levels, whereas
TDP43L3 hadmore robust expression (Fig. 1A). Similarly, of the
two UBQLN lines used (designated UBQLNL1 and UBQLNL2),
UBQLNL1 expressed at higher levels.
To determine whether human TDP-43 is toxic toDrosophila

cells in vivo, we first expressed TDP-43 in the fly eye, using the
GMR-Gal4 driver. Interestingly, lines TDP43L1 and TDP43L2
had no effect on external eye phenotype (data not shown).
However, GMR-TDP43L3 flies exhibited depigmentation of the
eye that increased with age (Fig. 1B). This is likely due to the
death of retinal pigment cells. To further investigate TDP-43
toxicity, we usedTEM to visualize the neuronal photoreceptors

FIGURE 1. TDP-43 toxicity in the eye. A, Western blot analysis of transgenic
protein expression in the TDP-43 and UBQLN lines used in this study, using
the GMR-Gal4 driver. Each lane contains lysate from a single head.
* indicates the expected size of TDP-43 cleavage products seen in cell culture
(supplemental Fig. 2C). The neuronal marker elav is used as a loading control.
B, external eye phenotype of control and TDP-43-expressing flies, using the
indicated transgene combinations. Where possible, the same eye is shown for
each genotype at age 2 and 23 days. C, TEM images of ommatidia from 7-day-
old GMR-Gal4 and GMR-TDP43L1 flies; the individual photoreceptors of an
intact ommatidium are labeled R1–R7. D, TEM image of an ommatidium from
a GMR-TDP43L1 fly reared at 18 °C; a single rhabdomere is shown in the lower
panel. Western blot (right) indicates relative TDP-43 expression at 18 °C as
compared with 25 °C.
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of eyes fromGMR-TDP43L1 flies. In these flies, the regular pat-
tern of seven rhabdomeres seen in control flies was severely
disrupted (Fig. 1C), indicating that although no external phe-
notype was observed in these lines, TDP-43 is nevertheless
toxic at the cellular level. The lack of a gross phenotype in lines
TDP43L1 and TDP43L2 is therefore probably due to lower
expression as compared with TDP43L3. These findings indicate
that the toxicity of overexpressed TDP-43 inDrosophila is both
dose-dependent and age-dependent.
We next sought to either increase or decrease TDP-43

expression to further test the hypothesis that toxicity is dose-
dependent. To increase expression, we crossed GMR-TDP43L3
flies to either TDP43L2 or GMR-Gal4 flies; the former increases
expression due to an increase in the number of TDP-43 trans-
genes, and the latter increases expression due to an increase in
Gal4 driver expression. Both crosses yielded flieswith increased
depigmentation of the eye (Fig. 1B), with the most severe phe-
notype leading to almost no pigment and widespread necrosis.
To decrease expression, we rearedGMR-TDP43L1 flies at 18 °C
instead of 25 °C, which reduces expression from the transgene
due to heat shock elements in the promoter. In these flies, the
normal structure of the ommatidia was restored; however,
some degeneration was still present, as seen by the presence of
vacuoles in the rhabdomeres (Fig. 1D). These data suggest that
phenotypic severity is highly dependent on TDP-43 dose.
TDP-43 Expression inMotor Neurons Reduces Life Span—To

more closely model ALS, we used a motor neuron-specific
driver, D42-Gal4, to express TDP-43 exclusively in motor neu-
rons. Interestingly, D42-TDP43L1 andD42-TDP43L2 lineswere
viable and phenotypically normal at eclosion. However, within
2–3 weeks, they displayed movement defects and ultimately
paralysis, resulting in death within days of the onset of initial
symptoms. Analysis of survival curves for D42-TDP43L1 and
D42-TDP43L2 flies revealed that the TDP-43 transgenic lines
survived approximately half as long as controls (Fig. 2A).
Finally, no TDP43L3 flies survived past the second instar lar-
val stage, further emphasizing the dose dependence of TDP-43
toxicity.
As controls, we also examined the effect of UBQLN over-

expression in motor neurons on survival. In addition to our
two transgenic lines, we tested a third line (UBQLNRNAi) that
knocks down the endogenous Drosophila UBQLN homolog in
the tissue of interest via expression of a short hairpin RNA (22).
As compared with control flies, D42-UBQLNL1 flies demon-
strated slightly increased survival, D42-UBQLNL2 flies were no
different, and D42-UBQLNRNAi demonstrated slightly reduced
survival (supplemental Fig. 1A).
UBQLN Exacerbates TDP-43 Motor Neuron Phenotypes—

We next sought to use the survival phenotype to determine the
effect of UBQLN manipulation on TDP-43 toxicity in vivo. To
do this, we created the following combinations of transgenes, all
under the control of the D42 motor neuron-specific driver:
TDP43L1/UBQLNL1, TDP43L1/UBQLNRNAi, and TDP43L2/
UBQLNL2. The third combination allows for the simplest anal-
ysis because survival of D42-UBQLNL2 flies was similar to con-
trol flies (supplemental Fig. 1A). Surprisingly, D42-TDP43L2/
UBQLNL2 flies had significantly reduced survival as compared
with D42-TDP43L2 flies (Fig. 2B and supplemental Table 1). Sim-

ilarly, D42-TDP43L1/UBQLNL1 flies also displayed a significant
reduction in survival relative to that expected based on the
TDP43L1 andUBQLNL1 survival curves (supplementalFig. 1Band
supplemental Table 1). Therefore, in both cases, UBQLN coex-
pression inmotor neurons decreased the survival of TDP-43 flies.
Finally, we found that D42-TDP43L1/UBQLNRNAi flies did not
have significantly different survival relative to that expected based
on the TDP43L1 and UBQLNRNAi survival curves (supple-
mental Fig. 1C and supplemental Table 1).
In addition to having reduced survival, D42-TDP-43 flies also

exhibited eclosion defects (Fig. 2C). As well as complete eclo-
sion failure, a number of flies died during eclosion with part
of their bodies protruding from the pupal case (supple-
mental Fig. 1D). In both D42-TDP43L1 and D42-TDP43L1/
UBQLNL1 pupae, the rate of eclosion was �65%. Interestingly,
although D42-TDP43L2 pupae did not show an eclosion defect,
D42-TDP43L2/UBQLNL2 pupae eclosed at a rate of only 35%. In
this assay, therefore, UBQLN coexpression strongly exacer-
bates TDP-43 toxicity. Furthermore, given that only about one-
third of D42-TDP43L2/UBQLNL2 pupae became adults, the
reduced survival seen in this line likely underestimated the
increase in toxicity seen with UBQLN coexpression. Finally,
possibly as a result of difficult eclosion, some D42-TDP-43 flies
had a shriveled wing phenotype (supplemental Fig. 1D). Both
D42-TDP43L1/UBQLNL1 and D42-TDP43L2/UBQLNL2 flies
had higher rates of wing malformation than the respective sin-
gle TDP-43 transgenic lines, further emphasizing the increase
in toxicity with both genes (Fig. 2D).
Additionally, we asked whether UBQLN had the same effect

on TDP-43 phenotypes in mammalian cells. Coexpression of
either full-length UBQLN or its ubiquitin-associated (UBA)
domain, which was previously found to be responsible for
TDP-43 binding (17), significantly increasedTDP-43 toxicity in

FIGURE 2. UBQLN exacerbates TDP-43 motor neuron phenotypes. A, survival
curves of D42-Gal4 control, D42-TDP43L1, and D42-TDP43L2 flies. B, survival
curves of D42-TDP43L2 and D42-TDP43L2/UBQLNL2 flies. See supplemen-
tal Table 1 for statistical analysis. C, quantification of pupal eclosion defects
seen with TDP-43 and UBQLN transgenic flies. �300 pupae were scored for
each genotype; both a complete lack of eclosion and incomplete eclosion
were counted as eclosion failure. n.s., not significant. D, quantification of wing
defects seen with TDP-43 and UBQLN transgenic flies. �200 adult flies were
scored for each genotype. ***, p � 0.001. p values were calculated using the
chi square statistic.
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HeLa cells (supplemental Fig. 2A). Although this may be
an artifact of overexpression, these findings suggest that
UBQLN increases TDP-43 toxicity in both Drosophila and
mammalian systems.
UBQLN Reduces TDP-43 Protein Levels and Does Not Coag-

gregate with TDP-43 in the Cytoplasm—Our initial prediction
was that UBQLN would attenuate TDP-43-dependent pheno-
types by promoting clearance of misfolded and/or aggregated
TDP-43 proteins; however, expression of UBQLN worsened
motor neuron TDP-43 phenotypes. To test whether pheno-
typic exacerbation was due to increased TDP-43 protein upon
UBQLN coexpression, we looked at the relative level of protein
expression in flies expressing UBQLN, TDP-43, or both. We
utilized the less toxic TDP43L2 line at a very early age to ensure
that differences in protein levels were not due to different rates
of cell loss. Interestingly, we found that althoughUBQLN levels
were not changed byTDP-43 coexpression, TDP-43 levels were
significantly reducedwhen coexpressedwithUBQLN (Fig. 3A).
This finding excludes increasedTDP-43 expression as an expla-
nation for worsened phenotypes in TDP-43/UBQLN trans-
genic flies. The results are, however, consistent with the hy-
pothesis that UBQLN participates in the proteasomal and/or
autophagosomal degradation of TDP-43.
TDP-43 is localized to cytosolic aggregates inmotor neurons

of ALS patients (6), and overexpression of UBQLN stimulated
TDP-43 aggregation in mammalian cell lines (17). Thus,
another plausible explanation for increased phenotypic severity

in TDP-43/UBQLN transgenic flies is that UBQLN stimulates
toxic TDP-43 aggregation inmotor neurons. This ideawas sup-
ported by the finding that TDP-43 and UBQLN colocalized to
cytosolic aggregates when coexpressed in Drosophila S2 cells
(supplemental Fig. 2B). To assess the localization patterns of
TDP-43 and UBQLN in vivo, we isolated thoracic ganglia from
D42-driven transgenic flies and stained cryosections of the
tissue with �-TDP-43 and �-UBQLN antibodies. Somewhat
unexpectedly, we found that TDP-43 was detected only in
motor neuronnuclei, irrespective ofUBQLNcoexpression (Fig.
3, B and C). Although UBQLN formed distinct cytosolic struc-
tures, similar to those observed in cell culture, TDP-43 failed to
strongly localize to the cytosol.
Cellular fractionation and Western blotting of lysates from

GMR-TDP43 flies confirmed that the majority of TDP-43
localized to the nucleus in vivo, although a small amount was
found in the cytosolic and insoluble fractions (Fig. 3D). Inter-
estingly, coexpression of UBQLN reduced the amount of cyto-
solic TDP-43 such that it was undetectable even at higher expo-
sures. This finding also suggests that UBQLN promotes the
clearance of cytosolic TDP-43, even in the absence of coaggre-
gation of the two proteins. In addition, although cleavage prod-
ucts of TDP-43 were clearly observed in extracts of transfected
S2 cells (supplemental Fig. 2C), only the full-length form of
TDP-43 was seen in vivo (Fig. 1A). These findings suggest that
TDP-43 toxicity and reduction of life span do not require the
cleavage or cytosolic aggregation of the protein in Drosophila
motor neurons.
In this study, we described a Drosophila model for ALS in

which the expression of wild-type human TDP-43 in neurons
caused dose-dependent motor defects and severe reduction of
life span. TDP-43-associated phenotypes ranged fromphotore-
ceptor degeneration and shortened life span in low expressing
lines to gross disruption of eye architecture and larval lethality
in high expressing lines. When combined with a recent report
showing that deletion of the Drosophila TDP-43 gene causes a
similar reduction of life span (27), our results suggest that
motor neurons are exquisitely sensitive to the dose of TDP-43
and that too much or too little expression of the protein is
deleterious.
Our data indicate that overexpression of wild-type TDP-43

in Drosophilamotor neurons is sufficient for cell-autonomous
toxicity in the absence of ALS-associated mutations or aggre-
gation. The latter observation is congruent with a recent report
that mutant TDP-43, when overexpressed in mice, causes neu-
rodegeneration in the absence of cytosolic aggregation (28).
Given that the majority of TDP-43 is found in the nucleus, we
propose that one component of TDP-43 toxicity in this model
could be due to changes in gene expression, splicing, or other
processes regulated by TDP-43. Nuclear dysfunction due to
TDP-43 expression is suggested by the observation that the
nuclei of TDP-43-positive motor neurons contained abnor-
mally condensed chromatin (Fig. 3B). Alterations in nuclear
processes may arise due to the total dose of human and fly
TDP-43 exceeding a certain threshold, above which the protein
has a toxic gain-of-function. Alternatively, wild-type human
TDP-43 may dominantly interfere with the endogenous Dro-
sophila homolog, the functional knockdown of which has been

FIGURE 3. UBQLN reduces the expression of, but does not coaggregate
with, TDP-43 in vivo. A, upper, protein expression levels in GMR-UBQLNL2

(left), GMR-TDP43L2 (center), and GMR-TDP43L2/UBQLNL2 (right) flies. The ref-
erence band (Ref.) is a nonspecific band detected with �-TDP-43 antibody.
Middle, quantification of three experiments showing the relative ratio of
UBQLN to the reference band with and without TDP-43 coexpression. Lower,
quantification of three experiments showing the relative ratio of TDP-43 to
the reference band with and without UBQLN coexpression. Error bars repre-
sent S.D. *, p � 0.05. p values were calculated using Student’s t test. n.s., not
significant. B, localization of TDP-43 in motor neurons of D42-TDP43L1 trans-
genic flies. Tissue sections were immunostained using �-TDP-43 (green) anti-
body and 4�,6-diamidino-2-phenylindole (DAPI) (blue). Arrowheads indicate
condensed chromatin. C, localization of TDP-43 and UBQLN in motor neurons
of D42-TDP43L1/UBQLNL1 transgenic flies. Tissue sections were immuno-
stained using �-TDP-43 (green) and �-UBQLN (red) antibodies. D, Western
blot analysis of TDP-43 and UBQLN localization in transgenic flies after cellular
fractionation, using GMR-TDP43L1, GMR-UBQLNL1, and GMR-TDP43L1/
UBQLNL1 flies. C � cytosolic; N � nuclear; I � insoluble.
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found to alter expression of specific mRNAs (29) and result in
reduced dendritic branching (30).
Importantly, we do see a small amount of TDP-43 in the

cytosol, but the absence of aggregation suggests either that pro-
tein levels are not sufficiently high or that cytosolic TDP-43 is
efficiently handled by the UPR and does not accumulate suffi-
ciently to form insoluble aggregates. However, we cannot rule
out the possibility that small aggregates, below the sensitivity of
our assays, are present in Drosophila motor neurons; further-
more, the lack of aggregation in our model does not rule out a
role for TDP-43 aggregation in ALS pathogenesis.
We hypothesized that overexpression of UBQLN, which

shuttles ubiquitylated substrates to the proteasome and regu-
lates autophagy, would phenotypically rescue TDP-43 trans-
genic flies. In support of this idea, UBQLN coexpression
reduced TDP-43 protein levels in vivo. Surprisingly, however,
coexpression of UBQLN significantly worsened TDP-43-asso-
ciated phenotypes in motor neurons. Phenotypic worsening by
UBQLNwas not a consequence of additive toxic effects; in fact,
UBQLN expression alone in motor neurons actually extended
Drosophila life span (supplemental Fig. 1A). What, then, is the
explanation for this paradox? Although definitive evidence is
still lacking, we propose that UBQLN-TDP-43 complexes com-
pete with endogenous UPR substrates for a limited number of
proteasome and autophagosome binding sites. Endogenous
UPR substrates may then accumulate and cause proteostatic
stress that exacerbates TDP-43-dependent motor neuron
degeneration. Importantly, there is precedent for a similar
model in the literature. Korolchuk et al. (31) showed that over-
expression of p62, a protein structurally and functionally
related to UBQLN, led to inhibition of the UPR in the presence
of high levels of misfolded huntingtin protein. Therefore, in
addition to nuclear dysregulation, another component of
TDP-43 toxicity may be due to inhibition of the UPR and other
cytosolic processes, although the majority of the protein
remains in the nucleus.
In conclusion,we have developed an in vivomodel of TDP-43

toxicity that recapitulates aspects of motor neuron degenera-
tion observed in ALS. Importantly, we found that aggregation
and cleavage of the protein were not required for TDP-43 tox-
icity inDrosophila. This model will be a powerful tool for iden-
tifying drugs and genes that modify TDP-43-dependent neuro-
degeneration and that may have therapeutic benefit in ALS and
related disorders.
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