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Summary: Over the last two decades, a number of mutations
have been identified that give rise to neurodegenerative disor-
ders, including familial forms of Alzheimer’s disease, Parkin-
son’s disease, and amyotrophic lateral sclerosis. Although in
most cases sporadic cases vastly outnumber familial forms of
such diseases, study of such inherited forms has the potential to
provide powerful clues regarding the pathophysiological basis
of neurodegeneration. One powerful approach to analyzing dis-
ease mechanisms is the development of transgenic animal mod-
els, most notably in the mouse. However, development and
analysis of such models can be costly and time consuming.

Development of improved transgenic technologies have con-
tributed to the development of Drosophila models of a number
of neurodegenerative disorders that have shown striking simi-
larities to the human diseases. Moreover, genetic screens using
such models have begun to unravel aspects of the pathophys-
iological basis of neurodegenerative disorders. Here, we pro-
vide a general overview of fly models pertinent to trinucleotide
repeat expansion disorders, Alzheimer’s, and Parkinson’s dis-
eases, and highlight key genetic modifiers that have been iden-
tified to date using such models. Key Words: Drosophila,
transgenic animal, polyglutamine, tau, �-synuclein.

INTRODUCTION

What can Drosophila models contribute to our under-
standing of neurodegenerative disorders? Even 10 years
ago, most academic neurologists and neurobiologists
would have answered, “Nothing,” and this would have
been not far from the truth. However, recent advances in
our understanding of the molecular basis of neurodegen-
erative disease and Drosophila genetics have enabled
engineering of the simple fruit fly to create models that
have shed light on the pathophysiological basis of neu-
rological disorders afflicting humans. Considerable ad-
vances have also been made in study of learning, mem-
ory, and circadian rhythms that are of great interest;
however, these will not be reviewed here. Rather, this
review will focus on a number of studies that have em-
ployed targeted misexpression of human disease-associ-
ated proteins to model trinucleotide repeat expansion
disorders, Alzheimer’s disease (AD), and Parkinson’s
disease (PD). This is not intended to be a comprehensive
view because this field has expanded considerably;
rather, the reader without a background in fly genetics
should be able to appreciate the contributions that fly

models in general have made to our understanding of
neurodegenerative disorders. We will also briefly con-
sider reverse genetic approaches that have targeted fly
homologs of human neurodegenerative disease-associ-
ated genes.

GENETIC APPROACHES TO STUDY OF
NEURODEGENERATION

Three quarters of the approximately 100 genes impli-
cated in specific human diseases have at least one ho-
molog in Drosophila. An online database of on human
disease genes with fly homologs is available (http://
superfly.ucsd.edu/homophila/).

Homologs of human neurodegenerative disease genes
disease genes can be identified in the Drosophila ge-
nome. The function of these genes can then be studied by
generating mutations in the Drosophila homolog and
then studying the resulting phenotypes (if any). Just such
an approach has recently been applied to study the fly
homologs of ataxin-2, the gene mutated in spinocerebel-
lar ataxia 2,1 and in parkin,2,3 a gene associated with
autosomal recessive juvenile parkinsonism (discussed in
more detail below). Studies of the fly homolog of atro-
phin, a gene in which a CAG expansion gives rise to
dentatorubral pallidoluysian atrophy (DRPLA), have re-
vealed its role as a transcription factor.4 An alternative
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approach uses RNA interference-mediated knock down
of gene expression. Such an approach has identified a
role for the fly homolog of huntingtin in regulation of
axonal transport and cell death.5

WHY STUDY NEURODEGENERATION
IN FLIES?

A pathogenic process of interest in humans can be
studied in flies if it can be recapitulated in a manner
showing characteristics similar to those observed in man.
If so, genetic approaches can be applied to order to study
this pathogenic process. Mutations can be generated that
affect a relevant pathogenic process without making a
priori assumptions about pathways involved. This poten-
tial of genetic approaches to elucidate pathogenic pro-
cesses makes flies such a powerful model system in
neurobiology.

HOW SIMILAR ARE FLIES AND HUMANS?

Implicit in studies of invertebrate models of neurode-
generative disorders is the assumption that essential fea-
tures underlying biology of humans and flies are con-
served. How similar are humans and Drosophila?
Generally speaking, fundamental aspects of cell biology
are quite similar in man and flies, including regulation of
gene expression, membrane trafficking, the cytoskeleton,
neuronal connectivity, synaptogenesis, cell signaling,
and cell death. Many genes and pathways that originally
were studied in flies have subsequently been identified in
mammals. As an example, the wingless pathway in Dro-
sophila was named for a mutation originally identified in
a spontaneously occurring mutant that was noted to have
no wings.6 The mammalian homolog of the Drosophila
wingless gene, Wnt, is now known to stand at the apex of
the Wnt pathway also conserved in mammals that is
crucial for cell polarity, differentiation, and migration,
cytoskeletal regulation, synapse formation, and axon
guidance during neuronal development.7

HOW DIFFERENT ARE FLIES AND
HUMANS?

Of course, there are also important differences be-
tween flies and humans that must be borne in mind when
interpreting genetic models. As an example, flies have
much simpler circulatory systems and cognitive pro-
cesses. In some circumstances, the relative simplicity of
fly as compared with human genomic organization pro-
vides benefits with regard to genetic analysis. Often,
redundancy exists in humans, where duplicated versions
of genes are identified that are present in only one copy
in flies; this lack of redundancy can simplify analysis of
biological process in the fly. Perhaps the most important

aspect of invertebrate approaches is the availability of a
number of genetic manipulations that are impossible or
impractical to carry out in mammals. Large numbers of
flies and worms can be mutagenized and screened in a
short period of time, thus permitting the identification of
even rare mutations. Given the considerable success that
fly genetic approaches have had in delineating processes
such as cell cycle control, signal transduction, and pat-
tern formation, it is reasonable to anticipate that similar
approaches to the study of neurodegeneration will con-
tinue to yield powerful insights into disease mechanisms.

USING THE FLY EYE AS A MODEL

In 1910, the first Drosophila melanogaster mutant was
noticed by an undergraduate dishwasher in the Morgan
lab at Columbia who discovered a white-eyed fly among
wild-type red-eyed flies. The eye continues to be the
focus of research not only because, as Morgan demon-
strated, adult eye phenotypes are easy to detect, but also
because, unlike most organs in the fly, the eye is tolerant
of genetic disruption of basic biological processes. More-
over, under laboratory conditions, the eye is dispensable
for survival of the fly. Versatile technologies that can be
used to generate, identify, and characterize mutations in
the retina have elevated the eye to a system with unri-
valed potential for deciphering gene function. A large
body of literature indicates the fly eye can be used to
study processes including cell cycle control, cell prolif-
eration and differentiation, neuronal connectivity, apo-
ptosis, programmed cell death, and tissue patterning.

TRINUCLEOTIDE REPEAT EXPANSIONS

Glutamine repeat disorders
Huntington’s disease (HD) is the prototypic disease

caused by expansion of unstable CAG repeat, resulting in
expression of an expanded polyglutamine tract near the
amino terminus of a gene known as huntingtin.8 Other
diseases in this class include spinocerebellar ataxias
(SCA) 1, 2, 3 (also known as Machado-Joseph disease,
MJD), 6, and 7, DRPLA, and spinobulbar muscular at-
rophy (also known as Kennedy’s disease).9 Table 1 sum-
marizes a number of glutamine repeat disorders that have
been modeled in Drosophila. The first neurodegenerative
disease model reported in the fly used a fragment of
mutant ataxin-3/MJD10; this report was followed shortly
by a model for HD using fragments of huntingtin.11

Other investigators examined the effects of quasi-pure
polyglutamine tracts, or polyglutamine tracts expressed
within the context of fly genes, such as prospero and
disheveled. Models using expression of full-length
ataxin-1 and -3 also have been reported.

Figure 1 compares external eye phenotypes and retinal
histology in several polyglutamine fly models. Wild-type
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(control) eyes shown normal external morphology of the
compound eye, whereas the internal structure shows reg-
ular arrays of ommatia, the individual units of the Dro-
sophila retina. Each ommatidium at the level shown
contains seven photoreceptor neurons, each of which
elaborates a membranous structure, the rhabdomere,
which functions in phototransduction. In a normal eye,
these rhabdomeres form a characteristic seven subunit
chevron-like shape (FIG. 1F). In flies expressing a mu-
tant huntingtin fragment including 120 glutamine resi-
dues (“htt-Q120”), appearance of the eye is normal (FIG.
1B), whereas by 10 days after eclosion (“hatching”),
disruption of rhabdomere structure and loss of photore-
ceptor neurons is apparent (FIG. 1G). Expression of the

quasi-pure polyglutamine tract Q108 produces disruption
of the external crystalline lattice of the eye, a so-called
“rough” eye (FIG. 1C). The internal structure of the
retina is completely disrupted, with abnormal rhab-
domere remnants and perinuclear and nuclear polyglu-
tamine aggregates. In some cases, multilamellated spher-
ical structures are formed, which are likely to represent
autophagosomes (FIGS. 1H and 2). A mutant MJD frag-
ment including 78 glutamine repeats also produced a
rough external eye, which tends to collapse under vac-
uum during scanning electron microscopy (SEM). Inter-
nal structure of the retina is disrupted, with formation of
intranuclear aggregates. Full-length ataxin-1 with 82 glu-
tamine residues also produced an abnormal external eye
(FIG. 1E), although the internal structure is not very
abnormal (data not shown). Figure 1J shows the pheno-
type caused by two copies of the mutant ataxin-1 trans-
gene, which does produce severe disruption of the retina.
In our hands, in the fly retina, unlike mouse, the majority
of ataxin-1 is cytoplasmic, although some nuclear aggre-
gates are observed.

Polyglutamine-containing aggregates in mouse and
cell models contain a number of additional proteins,
including chaperonins and proteasome components.12–16

Autophagosome-like bodies in the Q108 model also con-
tain some of these components, as indicated in Figure 2.
These structures contain one or more layers of filamen-
tous actin, as indicated by phalloidin staining, as well as
polyglutamine and ubiquitin (FIG. 1, A and B). Staining
for endogenous fly heat shock protein (hsp) 70 also
shows that this chaperonin is present in these aggregates
(FIG. 2C).

Both candidate-based and unbiased genetic screens in
the fly have begun to identify polyglutamine modifiers.
The first of these modifiers to be reported was hsp70;
misexpression of a human hsp70, HSPAL, dramatically
suppresses the eye phenotype of SCA3 flies.17 An unbi-
ased transposon-based screen subsequently identified
Drosophila HDJ1, an hsp40; misexpression of HDJ1
dramatically suppressed a quasi-pure polyglutamine phe-
notype.18

Figure 3 compares the effects of misexpression of
HSPA1L and HDJ1 on the Q108 eye phenotype. One
aspect of the Q108 phenotype that is not apparent using

TABLE 1. Summary of Fly Models of Glutamine Repeat
Disorders

Protein Context Repeat Length Reference

Pure polyglutamine
Q48 33
Q108 34
Q63 35
Q79 36
Q92 36
Q127 18

Ataxin-1
Full-length Q82 37
Full-length Q82 38
Full-length Q82 39

Ataxin-3
Truncated Q78 10
Full length Q78 40

Huntingtin
Truncated Q75 (1–171) 11
Truncated Q120 (1–171) 11
Truncated Q93 (exon 1) 28
Truncated Q97 (exon 1) 41
Truncated Q103deltaP 41
Truncated Q128 (1–548) 42

Androgen receptor
Full-length Q52 43
Truncated Q52 43
Truncated Q112 44

FIG. 1. Phenotypes of fly eye models of polyglutamine disease.
A–F: SEM images. F and G: toluidine blue-stained tangential
retinal sections. H–J: confocal images of whole mount retina.
H–I: red, TRITC-phalloidin; blue, lamin D0. Green: H, htt17, I,
anti-HA, J, anti-ataxin-1. Scale bars: A–E, 100 �m. F–J, 10 �m.

FIG. 2. Immunostaining of polyglutamine aggregates in adult
Q108 retina. Scale bar, 10 �m.
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SEM is severe depigmentation; as compared with control
flies (FIG. 1C), the Q108 eye shows, in addition to a
rough external appearance, depigmentation (FIG. 3B).
Although it is treacherous to evaluate suppression of eye
phenotypes based solely on rescue of depigmentation
phenotypes (because additional transgenes provide ad-
ditional pigmentation irrespective of the insert DNA),
moderate rescue of pigmentation, as well as improve-
ment in the rough eye phenotype, is observed when
HSPA1L is coexpressed with Q108 (FIG. 3C). By
contrast, the depigmentation phenotype of Q108 is
dramatically suppressed by coexpression of HDJ1
(FIG. 3D). Suppression of the rough external eye phe-
notype of ataxin-1 by HSPA1L and HDJ1 also has
been reported.19

The role of apoptotic pathways in cell death in glu-

tamine repeat disorders is controversial; however, in the
case of HD, at least, sufficient evidence exists in animal
models implicating caspases-1 and -3 in pathophysiology
to support clinical trials of minocycline, an antibiotic
with caspase inhibitor activity.20–23 In flies, expression
of the baculoviral antiapoptotic protein P35 or its fly
counterpart, DIAP1/Thread, dramatically suppresses re-
duced eye phenotypes caused by overexpression of cell
death genes.24,25 Results of experiments testing suppres-
sion of polyglutamine phenotypes in the fly eye have
been inconsistent. P35 suppresses ataxin-119 and -310,19

phenotypes, but enhances Q12719 and has no effect on
Q10826 or htt-Q120.11 Similar patterns are observed for
DIAP1: suppression of ataxins-1 and -3,19 no effect on
Q12719 or Q10826 or htt-Q120 (Salecker, I., and G. R.
Jackson, unpublished data). These data suggest that the
protein context in which polyglutamine is expressed af-
fect responsiveness to modifiers.

A candidate-based approach examining cell death reg-
ulators for modulation of polyglutamine phenotypes re-
vealed striking suppression of Q108 and htt exon1 phe-
notypes by inactivation of Drosophila Apaf-1, Dark.26

Figure 4 compares the effects of homozygous mutation
of fly Apaf-1 on external and internal retinol phenotypes.
In a genetic background in which both copies of Dark
were mutant, dramatic suppression of Q108 and htt
exon1 phenotypes was observed, as well as suppression
of caspase activation, cell death, and most surprisingly,
aggregate formation. The observation that virtually com-
plete suppression of polyglutamine toxicity in vivo is
accompanied by reduced aggregation could be consid-
ered evidence that aggregates are toxic, although this is
highly controversial27 and not likely to be proven or
disproven using fly models.

Drosophila models have also proved useful in valida-
tion of small molecule compounds predicted to inhibit
aggregation based on cell-based studies. Studies of his-
tone deacetylase inhibitors as suppressors of mutant htt
exon 1 toxicity in the fly have led to validation in mouse
models and clinical trials of phenylbutyrate in HD.28–30

Recently, rapamycin has been demonstrated to suppress
htt-Q120 toxicity, lending credence for a role of autoph-
agy in polyglutamine disease.31 Other studies have iden-
tified an inhibitor of the Rho-associated kinase
p160ROCK as a suppressor of mutant htt exon1 toxicity
in the fly.32

Noncoding repeat expansion disorders
Trinucleotide repeat expansion disorders include, apart

from the glutamine repeat disorders already discussed,
intronic expansions (e.g., Friedreich’s ataxia), as well as
noncoding disorders such as SCA8 and myotonic dys-
trophy.45–47 Recently, investigators have begun to use
Drosophila to shed light on such noncoding disorders.
SCA8 is associated with a CUG repeat expansion within

FIG. 3. Suppression of Q108 eye phenotypes by chaperonins.

FIG. 4. Suppression of Q108 toxicity by homozygous mutation
of fly Apaf-1. A and B: SEM images. C and D: Confocal staining
of pupal eye (30%). Red: phalloidin-TRITC. Blue: lamin D0.
Green: htt17.
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a noncoding transcript.46 Rebay and colleagues48 devel-
oped a model of SCA8 in flies that resulted in retinal
degeneration, and they isolated RNA binding proteins as
modifiers of this phenotype. These findings argue that
RNA rather than expanded protein is an effective agent
of toxicity. Myotonic dystrophy type I is associated with
CTG repeat expansion in the 3� untranslated region of
the dystrophia myotonica protein kinase gene. Monckton
and colleagues49 developed a model by fusing noncoding
CUG repeats to reporter genes and demonstrated that
these form ribonuclear foci; however, these repeats were
not toxic. Fragile X syndrome is also associated with
noncoding repeat expansion.50 In this case, CGG expan-
sion in the 5� untranslated region of the FMR1 gene leads
to transcriptional silencing and loss of expression of
Fragile X Mental Retardation Protein. Moses and col-
leagues51 expressed pathological CGG repeats fused to a
reporter gene and demonstrated retinal degeneration in
the absence of expressed proteins. These findings support
the utility of Drosophila in modeling noncoding repeat
expansions as well as glutamine repeat disorders, and
additional such models are likely to appear in future.

ALZHEIMER’S DISEASE

Amyloid
One of the key neuropathological features of Alzhei-

mer’s disease is the extracellular amyloid plaque. The
main component of these plaques is the A� peptide,
which is derived from membrane bound amyloid precur-
sor protein (APP).52 APP can be processed by two path-
ways: the amyloidogenic pathway, which results in pro-
duction of A�, or the nonamyloidogenic pathway, which
generates a secreted form of APP. Dominant mutations
in APP or presenilins 1 and 2 cause early onset familial
Alzheimer’s disease.53,54 Homologs of APP and prese-
nilin are found in Drosophila. The fly APP homolog,
Appl, does not contain the segment of APP cleaved to
generate pathogenic peptides. Still, genetic approaches
have been informative regarding the role of Appl in flies.
Flies homozygous for large deletions in Appl show de-
fective locomotor behavior, and a human �-APP trans-
gene rescues this behavior.55 A role for Appl in synap-
togenesis in flies has been suggested.56

Recently, several groups have reported fly models us-
ing misexpression of A�. Iijima and colleagues57 used a
signal peptide derived from pre-proenkepahlin fused to
A� to generate secreted transgene products. The expres-
sion of A�42, the more toxic peptide, led to the forma-
tion of diffuse extracellular amyloid, impaired olfactory
associative learning, and neurodegeneration. A related
group of investigators studied the effects of similar con-
structs in the eye and demonstrated retinal degenera-
tion.58 They also performed a genetic screen and isolated
neprilysin 2 as a modifier that suppressed the A�42

phenotype when overexpressed. Neprilysin has previ-
ously been implicated in A� degradation,59 supporting
the utility of flies as reagents to identify therapeutic
targets. Greeve and colleagues60 also have reported ret-
inal neurodegeneration and amyloid plaque-like forma-
tion in flies that coexpress APP and either �-secretase
(see below) or a dominant-negative form of presenilin.
Goldstein and colleagues61,62 have studied impairment of
axonal transport by APP in Drosophila, mice, and AD
brain.

�- and �-secretase are responsible for generation of
pathogenic A� peptides. Although �-secretase has been
characterized, the proteins responsible for �-secretase
activity have proved more elusive.52 One component of
the �-secretase complex is presenilin. The Drosophila
presenilin homolog, Psn, has been characterized. Muta-
tions give rise to phenotypes reminiscent of Notch mu-
tants.63,64 Psn is required for normal proteolytic process-
ing of Notch. Other components of the �-secretase
complex have been identified using invertebrate ap-
proaches, including Caenorhabditis elegans and Dro-
sophila genomics.65 These include nicastrin, Aph-1, and
Pen-2. Homologs of each are present in Drosophila, and
each component appears competent to serve as part of a
�-secretase complex.66 A sensitized genetic system using
a GAL4-responsive rough eye phenotype to identify
other components of the �-secretase complex has been
reported.67

Tauopathies
The second key feature of AD pathology is the neu-

rofibrillary tangle (NFT). However, neurofibrillary pa-
thology also is seen in a number of other disorders
collectively referred to as tauopathies, including fronto-
temporal dementia with parkinsonism linked to chromo-
some 17 (FTDP-17), progressive supranuclear palsy, and
corticobasal degeneration.68 Tau is a microtubule-asso-
ciated protein, and its interaction with microtubules is
negatively regulated by phosphorylation of sites in or
near its microtubule binding repeats. Aberrant regulation
of tau phosphorylation, and thus microtubule binding, is
thought to occur in tauopathies. Tau hyperphosphoryla-
tion is thought to be an early event in the cascade leading
from soluble to insoluble tau protein.

Drosophila models of tauopathy have been reported.
The fly tau homolog has been cloned and character-
ized.69 Williams and co-workers70 found that human tau
overexpression in sensory neurons produced a number of
abnormal morphologic effects, including axonal loss and
swelling. Sensory neurons expressing tau underwent ax-
onal degeneration. More recently, these authors showed
that misexpression of a constitutively active form of the
tau kinase glycogen synthase kinase (GSK)-3� enhanced
impaired axonal transport defects and motor behavior
caused by tau.71 Wittman and co-workers72 overex-
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pressed wild type, as well as the FTDP-17-associated
mutants R406W and V337M mutant tau in Drosophila
CNS. Neuronal loss and vacuolization were observed
with both wild type and R406W tau, although pathology
was generally more severe with mutant tau. Immunore-
activity for various phosphotau epitopes increased over
time. However, no neurofibrillary pathology was ob-
served. Thus, although robust, adult onset, progressive
neurodegeneration was observed, the fly model did not
show any neurofibrillary changes. When expressed in the
retina, a rough eye phenotype was observed with R406W
but not wild-type tau; this observation is important be-
cause the rough eye phenotype greatly simplifies modi-
fier screens. More recently, tau modifiers recovered from
a genetic screen have been reported by Feany and co-
workers.73 These consist largely of kinases and phospha-
tases, confirming the importance of phosphorylation of
tau in its pathogenicity. However, whether any of these
modifiers led to changes in tau phosphorylation or solubility
was not reported. Tau misexpression also has been reported
to compromise olfactory learning and memory.74

Our laboratory has also established models of tauopa-
thy using wild-type75 and P301L tau, an FTDP-17-asso-
ciated mutation (our unpublished data). We have not
obtained convincing evidence that mutant tau is more
toxic than wild type. Expression of wild-type tau in the
eye results in early onset cell death and adult rough eye
phenotypes but not the development of any obvious neu-
rofibrillary pathology. However, coexpression of Shaggy
(Sgg), the fly homolog of the tau kinase GSK-3, en-
hances tau toxicity dramatically. Figure 5 compares the
effects of expression of Sgg, tau, and the synergistic
effects obtained when the two are coexpressed. Pan-
neural expression of Sgg alone has no effect on external
eye phenotype (FIG. 5A). Wild-type tau alone produces
a mild rough eye phenotype when expressed throughout
the retina (FIG. 5B); however, dramatic synergy is ob-
served when tau and Sgg are coexpressed, resulting in a
severely rough eye (FIG. 5C). Expression of the NFT-
related phosphoepitope AT100 is observed in dual tau �
Sgg transgenics, and insoluble filamentous materials, in-
cluding straight and paired helical filaments, are ob-
served. These observations support the contention that
phosphorylation of tau leads to formation of NFT in vivo.

Others have confirmed the enhancement of tau pathoge-
nicity by Sgg coexpression and have suggested that
phosphorylation by the kinase PAR-1 is required for
subsequent phosphorylation by other kinases such as
GSK-3.76

PARKINSON�S DISEASE

�-Synuclein
Parkinson’s disease is an idiopathic disorder featuring

resting tremor, rigidity, bradykinesia, and postural insta-
bility. Pathologically, it is associated with degeneration
of nigral dopamininergic neurons and formation of neu-
ronal Lewy bodies, eosinophilic cytoplasmic inclusions
containing �-synuclein. Although the true prevalence of
all inherited forms of Parkinson’s disease is unclear, rare
cases of dominant PD have been associated with mis-
sense mutations in �-synuclein.77 More recently,
genomic triplication of the �-synuclein locus has been
associated with dominant parkinsonism.78 Feany and
Bender37 described a fly model of Parkinson’s disease
using misexpression of wild-type and mutant
�-synuclein. Both wild-type and mutant forms of
�-synuclein induced loss of tyrosine hydroxylase-immu-
noreactive neurons in the central brain of the fly, as
assessed using immunohistochemistry of paraffin sec-
tions. Intracytoplasmic and neuritic accumulation of
�-synuclein was observed, suggestive of Lewy bodies
and Lewy neurites, respectively. Both wild-type and mu-
tant �-synuclein resulted in progressive motor impair-
ment. Very mild retinal degeneration was reported in
aged flies expressing wild-type �-synuclein.

Bonini and colleagues79 examined effects of chapero-
nin misexpression on �-synuclein phenotypes in Dro-
sophila. They were unable to demonstrate abnormal mo-
tor behavior in flies expressing �-synuclein. These authors
reported that overexpression of HSPA1L partially rescued
dopaminergic degeneration induced by �-synuclein without
affecting the appearance of �-synuclein-containing inclu-
sions. A transgene encoding a dominant negative version of
a constitutively expressed Drosophila hsp70 enhanced
�-synuclein-induced degeneration. Of interest, this trans-
gene when overexpressed in dopaminergic neurons itself
had negative effects independent of �-synuclein, suggesting
that endogenous chaperonin activity regulates survival
of dopaminergic neurons. Bonini and Auluck and col-
leagues80,81 also showed that feeding flies with geldanamy-
cin, which acts to upregulate chaperonins, also protected
against �-synuclein-induced toxicity in dopaminergic neu-
rons.

A number of additional papers have reported chemical
and genetic modifiers of �-synuclein toxicity in Drosophi-
la.82–84 However, the significance of the �-synuclein model
has been called into question by recent work by Mardon
and colleagues,85 who used whole mount confocal analysis

FIG. 5. Enhancement of the tau eye phenotype by coexpres-
sion of Shaggy.
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of tyrosine hydroxylase staining in brain and were unable to
demonstrate any neurodegeneration using a number of dif-
ferent �-synuclein lines. Nor were these authors able to
demonstrate any abnormal behaviors or retinal degeneration
induced by �-synuclein. It is possible that variations in food
or environment are responsible for these variations in
�-synuclein toxicity from lab to lab.

Parkin
The identification of mutations in parkin associated

with autosomal recessive juvenile parkinsonism (AR-
JP)86 has provided new insights into the pathogenesis of
both sporadic and familial forms of PD. Point mutations,
deletions, and compound heterozygosity for mutations
have been identified.87 Studies of genetically derived
animal models have attempted to define the relationship
between parkin mutations and survival of dopaminergic
neurons. However, with the exception of cell loss in
locus coeruleus in one knockout,88 loss of function stud-
ies of parkin in mouse have failed to produce robust cell
loss.89–91 A homolog of parkin exists in Drosophila.
Pallanck and colleagues2 reported that parkin mutations
in the fly cause cell death of sperm and indirect flight
muscles. Marden and co-workers3 independently gener-
ated loss of function mutations and also found that these
lead to reductions in cell size and increased susceptibility
to oxidative stress. However, neither of these groups of
investigators demonstrated that parkin mutations affect
survival of DA neurons.

SUMMARY AND PERSPECTIVES

Transgenic models in the fly using targeted misexpres-
sion of human neurodegenerative disease-associated pro-
teins have been established. These include models for
HD and other glutamine repeat disorders, noncoding
trinucleotide repeat expansions, models of amyloid pa-
thology and tauopathies of relevance to AD, and models
studying �-synuclein and parkin that pertain to PD. In
many instances, robust neurodegeneration is observed in
fly models, a distinct advantage as compared with mouse
models. In some instances, fly models develop patholog-
ical lesions seen in disease, such as inclusion bodies and
NFT seen in HD and AD, respectively. However, it is
unreasonable to expect fly models to fully recapitulate all
features of human disease. Rather, fly models should be
viewed as sensitized genetic systems that permit the awe-
some power of fly genetics to be harnessed in an effort to
isolate modifier genes or screen compound libraries at a
speed that might be difficult if not impossible to accom-
plish in mice. Without question, such screens may iden-
tify modifiers that are irrelevant to neurodegenerative
pathways, but fly models are a good place to start and
have begun to provide valuable insight into disease and
identify useful compounds. Hopefully, as techniques for

analysis improve and become more standardized, fly
models will play important roles in our quest to develop
cures for neurodegenerative disorders.
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