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Abstract

The ESCRT (Endosomal Sorting Complexes Required for Transport) pathway is
evolutionarily conserved across all eukaryotes and plays key roles in a variety of membrane
remodeling processes. A n&@vosophilamutant recovered in our forwaggnetic screens
mapped to theps24gene encoding a subunit of the ESGRTcomplex. Molecular
characterization of the mutation predicted a complete loss of VPS24 function. Hptliever
mutant flies develop to adulthood and thus the consequences of removing VPS24stoayele
in a viable multicellular organism. Flies lacking VPS24 function exhibit locomotor deficits and
reduced lifespans. Interestingly, these phenotypes were largely rescued by neuronal expression
of wild-type VPS24. Further examination revealed bwh neuronal and muscle cells exhibit
marked expansion of a ubiquipositive lysosomal compartment as well as accumulation of
autophagic intermediates. Ultrastructural analysis ofpis24 mutant confirmed these
observations and revealed that a magnponent of the expanded neuronal lysosome
compartment exhibited a striking tubular network morphology. The results reported indicate that
loss of VPS24 function disrupts lysosome homeostasis, as well as autophagy, and suggest a
novel role for ESCRT fuction in lysosome biogenesis through tubular intermediatedurther
define the role of VPS24 in this process,gemerated transgenic lines expressing VPS24 with a
mutated MIM domairexpected talisruptits ability to associate with intermediatim the
pathway Analysis ofthese lines may further elucidate the role of the ESCRT pathway in
lysophagy and lysosome reformation. These studies provide new insight imoite
functions of the ESCRT patray in cellular homeostasis and their potential roles in

neurodegenerative diseases characterized by defective ESCRT or lysosome function.
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Chapter 1

Introduction

Neurodegenerative Disease

Neurodegenerative diseag&lDDs) arecharacterized bthegradual loss of cognitive
and motor functiowia nervoussystem cell deatfKatsuno, Sahashi, Iguchi, & Hashizume,
2018) Commondiseasesnc|l ude Al zhei mer’ s disease, Parkin
diseaseconditionsfor which no treatment has been establis{@@dmnmings, 2017) These
disorders have significant effects on thestatrisk population: the elderlyMillions of people
around the worlaurrentlysuffer fromNDDs. In addition, pojected rises in life expectancies
and elderly populatiain both developing and developed countinelicate thathe prevalence
of NDDswill likely increase by 203@Taylor, Brown, & Cleveland, 2016; Veron, Kinsella, &
Velkoff, 2002)

Despitea large variety of identifiedeuralegenerative diseases, a symptom universally
observed is the failure of cellular proteostgKiatsuno et al., 2018)Normally, abnormal and
misfolded proteins are cleared before they can accumanaténcrease cell proteotoxicitlim
& Yue, 2015) Neurons are intrinsically less competent in maintaining proteostasis relative to
other cell typesalthough the reasons for this are still unkndiatsuno et al., 2018)
Dysfunctionalfaulty proteinremoval mechanisms associated widuralegenerative disorders
reailt in the formation of toxic aggregates; as such, inhibition of protein accumutatiolbeem

proposed method of slowingDD progression.



Genetic Analysis of Neural Function inDrosophila melanogaster

Our laboratory has employedaosophila melanogstermodel| whichexhibitspowerful
genetic tools Its genetic capabilities includgsut is not limited tosimple, rapid mutagenesas
well astemporal and tissugpecific transgene expressi(Jeibmann & Paulus, 2009; Pandey &
Nichols, 2011) In addition, mmerous neurological and physiological properdied pathways
of fruit flies are conserved witmammals. For instance, 75% of diseagasing genes
humansarebelieved to exist ibrosophilaas well(Lloyd & Taylor, 2010; Reiter, Potocki,
Chien, Gribskov, & Bier, 2001)Our previousstudies havetilized adult Dorsal Longitudinal
Muscle (DLM) neuromuscular synapses, tripartite synapses exhibitungfuraland functional
propertes similar to those of their mammalian counterpanta model for environmental stress
induced failure of proteostasis and degmtion(Danjo, Kawasaki, & Ordway, 2011; Kawasaki
et al., 2016)

Of particular significance to our lalyemutations causingemperaturesensitive (TS)
neural dysfunction.This approachallows for selective activation of the mutant phenotype and
the examination of essential processes required for survival. By raising the flies under the
nonpermissive temperatuaad inducinghe phenotype at a given tiptbe mutations can be
studied aanydevelopmental stagen addition, comparisons can be made between flies in the

same line before and after the proteireisderechonfunctional.

Forward Genetic Screen for New Mutants

Our previous work has involved genetic analysi3 8fparalytic mutants to examine the

molecular mechanisms of chemical synaptic transmig8osoks, Felling, Kawasaki, &
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Ordway, 2003; Kawasaki, Collins, & Ordway, 2002; Kawasaki et al., 2016; Kawasaki &

Ordway, 2009; Wu, Kawasaki, & Ordway, 200¥; Yu, Kawasaki, & Ordway, 2011)As an
extension of this approach, the current study initiated a forward genetic screen for TS paralytic
alleles of candidate genes implicated in synaptic fun¢iagure 1A). A new mutant exhibited a
recessive TS palytic phenotypdFigure 1B)and, despite not mapping to any of the candidate
genes, was mapped to a gene removed by the Df(3R)Exel6140 deficiency. Complementation
testing using existing mutatisccurringwithin this deficiency region revealed that thetant

is allelic to thevps24gene, which encodes a subunit of the ESGIRGomplex.

A A Genetic Screen to Isolate New Mutations B A New Mutant, 748, Exhibits a

Producing Temperature-Sensitive (TS) Paralysis Recessive TS Paralytic Phenotype
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Figure 1. A forward genetic screen and recovery of a new temperaturgensitive (TS)
paralytic mutant.

(A) Male flies with an isogenized third chromosome (Iso3) were exposed to etimgkthane
sulphonate (EMS). Mutagenized males were mated with females carrying the third
chromosome markerLyra (Ly), in trans to a balancer chromosom&M6c. F1 males
carrying a mutagenized third chromosome (3*)in trans to TM6¢ were crossed to females
with the third chromosome deficiencieDf(3L)GN34 and Df(3R)Exel6140 F2 progeny
carrying 3* in trans to the deficiency chromosome were screened for motor defects at @3
(B) 748/Df(3R)Exel614(dlies (748/Df) exhibit rapid paralysis at 38 C, whereas wildtype
flies (WT) do not. Tests 0f748/+flies indicated the phenotype is recessive. Tests were
truncated at 5 minutes if 50% paralysis had not occurred. Error bars indicate SEM and
asterisks mark sigificant differences from control values p  0.05)



A New Mutation in a DrosophilaESCRT Il Gene, vps24

Sequence analysis of genomic DNA from thetant, now designated ags24,
identifiedan 11bp deletion from the secobpg of the first intron othevps24gene PCR and
sequence analysis of cDNAs betwegs24 and WT revealethat the mutant exhibited
disrupted splicing of the first intron. PCR product sequencing showed this occurred via
complete splicing failure, in which the 121bp intronigqeence between Exons 1 and 2
remained, and cryptic splicing, in which an additional splice occurred 20bp upstream of the first
intron. Both cases resulted in a truncated VPS24 pratelicatingthat thevps24 mutant is
likely to produce a complete loe§ VPS24 function.

The behavioral phenotype whs24 mutants was confirmed through transformation
rescue experimentslhese studies used the GAUAS system which permits spatial and
temporal control of transgene expresgiBrand & Perrimon, 1993)To do sotransgenidines
werefirst establishe@xpressg wild-type VPS24 fused with green fluorescent protein (GFP) at
its N-terminus. Stocks expressing the transgene in neurons, githprauscle in the mutant
background were created for further experimentation (Table 1).

Table 1. DrosophilaUAS-GALA4 lines used in rescue experiments.

Genotype Site of Expression
w Appl-Gal4w ; UAS-EGFPRvps24+ ; vps24/Df(3R)Exel6140 | Neuron

w Mhc-Gal4/w; UAS-EGFRvps24+; vps24/Df(3R)Exel6140 Muscle

W ; UAS-EGFRvps24+ ; RepeGAL4 vps24/Df(3R)Exel6140 Glia

In thevps24 mutant backgroundhe TS paralytic phenotype was rescussm neural

expression of UASEGFRvps24(Figure2). Expression of the same transgene with M
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Repa GAL4 drivers failed to rescue the phenotypignifyingthat TS paralysis results from loss

of VPS24 function in neurorendnot loss of function in muscle or glia.
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Figure 2. Rescue of thevps24 TS paralytic phenotype by neuronal expression of the wikd
type VPS24 protein.

The TS paralytic phenotype of thevps24 mutant was rescued by expression dhe wild-
type EGFP-VPS24 in neurons but not in muscle or glia. The GAL4 drivers for neuronal,
muscle, and glial expression werdppl-Gal4, MHC-GAL4, and RepeGAL4, respectively.

Since the initial genetic screen was for synaptic transmission mutants, a secondary screen
was conducted to determine whether TS paralysis results from a defect in synaptic function. For
this purpose, electrophysiological studies were performed at aduthmuscular synapses of the
flight motor as described previouglgawasaki, Mattiuz, & Ordway, 1998 DLM
neuromuscular synapse function was normahé@vps24 mutantwith respect tehortterm
plasticity andhe amplitude and waveform of individual EPSO$hereforestudies of synaptic

transmission were n@ursued furthein this mutant.

The ESCRT Pdahway 1 Protein Ubiquitination and Lysosomal Degradation

The primaryprocesf preventing toxic protein accumulation is the highly conserved

lysosomal degradation pathwé@lague & Urbé, 2010) One method of disposal in a majority of
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cell types relies on late endosomes knowmakivesicular bodies (MVBs(Fader & Colombo,

2009) The process begins when faulty protdeedingto proteotoxicity are labeled with
ubiquitinvia an EXE2-E3 enzyme ubiquitin thioester cascg8eheffner, Nuber, & Huibregtse,
1995) Through endocytosis, thmonoubiquitinated surface proteins and ligands are internalized
to the surface of early endosomes (Figgk¢. MVBs are formed from the early endosomes and
possess ubiquitiargeted proteins along intraluminal vesicle membranes. Although the
multivesicular bodies may interact with other components of the endocytic pathway, MVBs can
fuse with lysosomes alone. Hydlytic components inside the lysosome then degrade the MVB
components. This process is closely related to the second and most common method of
lysosomal degradation: autophagy. To traffic kirgd proteins, macromolecules, and
organelles within the celthe surrounding cytoplasm is enclosed in a phagophore that forms a
doublemembrane autophagosome. The monoubiquitin or ubiquitin chains on the cargo bind to
P62 filaments, adaptors linking them to ATGS8 proteins on the membrane during autophagosome
formation, to ensure they remain in the lun@anieli & Martens, 2018; Weidberg, Shvets, &
Elazar, 2011) Fusion with the MVB or other endocytic pathway components, if it occurs,
creates a hybrid organelle terntbé amphisone (Fader & Colombo, 2009)Subsequent fusion
of the autophagosome or amphisome with the lysosome yields digested intraluminal components.
The ESCRT pathway is evolutionarily conserfem yeast to mammabnd functions in
membrane remodelin@ process essential for multivesenubody formation and autophagy
(Figure3A) (Henne, Buchkovich, & Emr, 2011; Leung, Dacks, & Field, 2008)s comprised
of five complexes: ESCRT0, ESCRTI, ESCRTII, ESCRT-1I (subunit and complex), and
Vps4Vtal. ESCRTO initiates the pathway by associating with ubiquitinated cargo at the

plasma membrane (Rige 3B). While the membrane invaginatasdforms early endosomes
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the ESCRT and ESCRTII complexes are recruitday ubiquitinto bind together and localize

the cargo. ESCRTI nucleates ESCRTII subunits, which form a complex, recruit
deubiquitinating machinery, and facilitate vesicle mataraéind neck constrictiorf-ollowing
vesicle scission, the Vpsdtal complex disassociates the ESCIRTTomplex, leaving the cargo
within the mature vesicle plasma membrane. A nonfunctional ESCRfotein is therefore
expected to inhibit membrane pinieg in MVB biogenesis and autophaagyd subsequently

hamper proteostasis

A Biological Roles of the ESCRTs B The Sequence Leadingto
Intralumenal Vesicle Morphogenesis
d viral budding o2 by ESCRT Complexes
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Figure 3. Thevps24gene encodes a component of the ESCRT Pathway.

(A) Multivesicular body (MVB) biogenesis (a) and autophagy (b) require all of the
ESCRTs. In contrast, cytokinesis (c¢) and HNV1 budding (d) require only ESCRT-I and
ESCRT-III. (B) (a) ESCRT -0 clusters ubiquitinated cargoes. (bPESCRT-I and ESCRT-II
together form membrane invaginations and are localized inside the bud neck. Cargoega
sequestered in the bud. (c) ESCRTII assembles at the neck of the bud, colocalizing with
ESCRT-I and -1l. (d) Vesicle scission by ESCRATlII leading to the formation of I LV. The
ATPase VPS4 is recruited to dissociate ESCRIN oligomers.

Autophagy dergulations due to insufficient pathway activation, reduced lysosomal

function, and pathological pathway activation are known to induce proteinopathies in
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neurodegenerative diseases. Such observations necessitate an examination of the molecular

mechanismsnderlying lysosomal autophagic dysfunction. A better understanding of defective

protein degradation is required for the design of NDD treatments.



Chapter 2

Materials and Methods

DrosophilaFly Strains

Wild-type flies,CantonS as well atpptGAL4, w;;Ly/TM6candUASEGFP-vps24
were from our laboratory stock collectioMhc-Gal4, RepeGal4, UASGFP andUAS GFP-
mCherryatg8a Df(3L)GN34andDf(3R)Exel614Qvere obtained from the Bloomington Stock
Center (Indiana University, Btonington, IN). UASEGFP-vps24'™! transgenic lines were
generated in the current study (8&eneration of Transgenic Lirfeand Chapter 4)UASGFP-
LAMP (Pulipparacharuvil et al., 2008)AScathB3XmCherry(Csizmadia et al., 2018)
transgenic lines were kindly provided by Dr. Helmut Kramer (University of Texas Southwestern
Medical Center, Dallas, TX) and Dr. GabJulész (Eotvos Lordnd University, Hungary),
respectively. Stocks and crosses were cultured on a conventional comot@sses/east
medium at 20C in a 12hour daynight cycle. All experiments were carried out using virgin

female flies.

Behavioral Analysis

To examine th@aralyticphenotype, as well as its rescue, six 7d old female flies of each
line were transferred to vials. After placing the vials in aC3®&ater bath, the time it took to
reach 50% paralysis was recorddaksts werdruncated to 5 minutes if no paralysis occurred.

A climbing testwas done to evaluate potential locomotor deficits in the mutqs24

flies and inesexpressing wildype VPS24 in neurons, glia, antiscle (Table 1) in the mutant
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background were established anémined Six 7d old female fliesn each testvere transferred

to a plugged graduated cylinder. After knocking the flies to the bottom through taibginigne
it took for half of them to Bmb to the 40ml mark was recordetf.flying was observed in that
timeframe the flies were knocked to the bottom again and the time was flessts were
truncated to 2 minutes if 50% climbing had not occuened O was given for the climbing index
Ten samples for each group were tested aaedagdimeswerenormalized andhverted for

climbing index values.

Analysis of Lifespan

Using the same line§Pflies of each group wenearedn a 20 C refrigerator Every
two days the survivarwere transferred to a new vial and the number of deaths were recorded.
The test continued until all flies died. Lifespan was assessed at each time point as a percentage

of survivors.

Western Blot and Analysis

Western bloihg was employed to confirm the expressiotu&S-EGFRVPS24 in the
Drosophilatransgenidines generatedFive fly heads were homogenized in 1@®f SDS
buffer. 0.5 heads of each liaed a BieRad Dual Color Standamlere loaded into a 9%
polyacrylanmde gel and run at 15 mA. The proteins were then transferred to a nitrocellulose
membrane at 14V overnight. The membrane was waslte@-GFP(1:500) primary antibody

anda-mouse IgG (1:5000) secondary antibodihe loading control was detected by incubating
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the membrane with-ACTIN (1:100) primary antibodyA LI-COR Odyssey CLx system was

used to image the membramed the imagesere analyzed using tCOR Image Studio
software. Transgene expression (GFP/ACTIN) for each line were calculated. A molecular
weight (og MW in kDa)vs. distance travelled (mnendline was created using the size

standard and used to determine the MW of each @24 band.

Molecular Cloning (see Chapter 4, Molecular Construction of UASEGFP-vps24MMI )

To construct the EGFps24Y™ mutant (R217D L218D) transgene, the R217D L218D
mutations were generated by PCR-sliteected mutagenesis and incorporated into an EGFP
vps24 construct in pBhscript SK-. The resulting EGFRps24“™! sequence was shuttled into
the P element transformation vector, pUA@Tand & Perrimon, 1993¥or generation of

transgenic lines.

Generation of Transgenic Lines (see also Chapter 4)

An injection mixture consisting &0 n water, 25m of EGFRvps24M™M] mutantin
PUAST (~2.6ng/m), 5 m of helper plasmid (~4.8g/m), and 10m of green dye wadistributed
into microinjection glass capillary needleSvery 30 minutesembryosfrom a whiteeyed fly
stockwere collectecnd arranged onto a glass slide. Under a microscope, micromanipulators
and a pressimed syringewere used to inject the solutimom theneedles 0 t he embr yos'’

posteriorregion Embryos were then grown on cornmeablasses/east medium and

transferred to a vial during the larval developmental stage. Subsequent crosses identified lines
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with successful integration, revealed the chromosome on which they occurred, and stabilized the

mutated chromosome over a baland@omosome.
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Chapter 3

Behavioral and Cellular Phenotypes in thesps24 Mutant

The findings discussed in Chapters 3 and 4 are the result of collatsorasiearch efforts
in our lab Other members whose work contributed to this thaeslasdeSamuel DeMatte and
Devon Sweeder. | performedxperiments igeneticshehavioral analysisnolecular biology,
transgenic fly generation, amMdestern blotting.Immunocytochemistry (ICC), cooctal
microscopy, and transmission electron microscopy (TEM) were performed by Dr. Fumiko

Kawasaki

The vps24 Mutant Exhibits Locomotor Deficits and Reduced Lifespan at Permissive
Temperatures

Althoughvps24 mutant flies reach the adult stage with no obvious developmental
defects, they display impaired locomotor function even at temperatures permissive for TS
paralysis. The mutant flies displayed a significant decline in climkpegiformancet 7 days of
age(Figure4A), indicating that VPS24 is required for normal locomotor activityaddition,
loss of VPS24 function produces a marked reduction in lifespan to a range of approxirg@ately 3
weeks (FiguretB). Notably, both the locomotor and lifespan defioitshevps24 mutant, like
the TS paralytic phenotype, are rescued by neuronal expression-typel®YPS24 but not by
expression of this transgene in glianauscle (Figurel). The preceding finding®gveal that
VPS24 function in neurons is criticalrfbasic motor function and viability, consistent with

previous studies implicating ESCRIT components in neurodegenerative disease.
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Figure 4. The vps24 mutant exhibits locomotor deficits and reduced lifespan.

(A) Climbing tests indicated no detectable climbing ability irthe vps24 mutant. The
climbing tests were truncated at 2 min. if 50% climbing had not occurred and zero was
given for the climbing index. (B) Loss of the VPS24 function reduced lifespan with spect
to WT. These mutant phenotypes were rescued by expression of wiihbe EGFP-VPS24 in
neurons but not in muscle or glia. In climbing tests, 7d old female flies were examined.
Expression ofa UAS EGFP-vps24 transgene was achieved using specific GAd4ivers for
neurons Appl-GAL4), muscle MHC-GAL4), and glia RepcGAL4). The sameGAL4
drivers were used for subsequent cellype specific expression studies.

Cellular Phenotypes in thevps24 Mutant

Investigation of cellular defects thevps24 mutant was carried out mainly through ICC
and TEM. Key findings from these studies are summarized in this seGiven the
established roles of ESCRT function in membrane remodeling and protein degradatio
immunocytochemical studies weperformed to determine whethitie vps24 mutantexhibited
altered proteostasis. Initial studies examined the distribution of ubiquitinated proteins in thoracic
tissues involved in motor activity, including the thoraganglion of the CNS and the three cell
types comprisingripartite Dorsal Longitudinal Muscléd{_M) neuromuscular synapseghe
mutantexhibited a striking accumulatiaf ubiquitin-positive structures in both the CNS and

DLM flight muscle (Figire5). Further examination of the CNS usiogll type-specific markers
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for neurons and glia demonstrated that ubigtpositive structures were restrictedn@urons

and lacking in CNS glia.

A WT B vps24'/Df

(CNS) DLM (muscle) Thoracic ganglion ( DLM (muscle)

Thoracic ganglion CNS)

DAPI, TRA DAPI, TRA DAPI, TRA DAPI, TRA

Figure 5. Ubiquitin -positive compartments accumulate in neurons and muscle of thvps24
mutant.

Confocal immunofluorescence images from wildype (WT) (A) or vps24[1]/Df(3R)Exel6140
(vps24[1])/Df) mutant flies (B). Ubiquitin (UBI) staining indicates that thevps24 mutant
exhibits a marked increase in ubiquitinpositive compartments in CNS (a, b) and muscle (c,
d) with respect to WT. DAPI labeling of nuclei and autofluorescence from trachea (TRA)
appear in the same channel.

The preceding cellular phenotyp@esthe CNS neurons and DLesuledfrom loss of VPS24
function This was confirmed bgescue experiments analogous to those performed in the
behavior and lifespan studies. Neuronal expression oftyild VPS24 produced clear rescue of

the neuronaphenotypeconsistent with the observation that ubiquiositive structures were
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restricted to neurons. Similarly, the DLM phenotype was rescuedrgssion of the same

transgenen muscle

Given the known function of VPS24 as a component of the ESCRT pathway, it was of
interest to determine whether thgs24 mutant phenotype includes an altered distribution of
ESCRT proteins. This was achieved through immunocytochemical studies of tge g
VPS28 protein in theps24 mutant. VPS28 is a component of the ESAR®mplex that can
interact with ESCRTII components including VPS24n the wildtype, VPS28 exhibited a
diffuse distribution in both th€NS and DLM. In contrast, the VPS@Btribution is altered
dramatically in thesps24 mutant and is strongly associated with the accumulated ubiquitin
positive structures in both neurons and mustleese observations suggest that the cellular
vps24 mutant phenotype involves disruptionESCRT pathway function leading to aberrant
homeostasis in neurons and muscle.

Furthercharacteriation ofthe ubiquitinpositive structures observedvps24 mutant
neurons and muscle revealed clear cdipaon with two different lysosomal markerthe
lysosomeassociated membrane protein (LAMPulipparacharuvil et al., 2005; Rohrer,
Schweizer, Russell, & Kornfeld, 1996; Saftig & Klumperman, 2@0%) thdysosomal enzyme,
Cathepsin BCsizmadia et al., 2018; Stoka, Turk, & Turk, 2Q16hese findings indicate that
thevps24 mutant exhibits an expanded lysosomal compartment highly enriched in ubiquitinated
proteins.

VPS24and the ESCRT pathway are known to participate in autophagic degradation
mechanismgFilimonenko et al., 2007; S.w& Melia, 2017)that may include lysophadgidung,
Chen, Yang, & Yuan Yang, 2013; Papadopoulos & Meyer, 20L@)nvestigatavhether

autophagy is disrupted in thps24 mutant, immunocytochemistry studies were iearout
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using markers for autophagic intermediatéhe P62 protein plays a key role in autophagy as an

adaptor between ubiquitinated proteins and the ATG8a protein associated with nascent
autgphagophoregPankiv et al., 2007) P62 accumulation is typically interpreted as a disruption
of autophagy and accumulation of autophagic intermed{Bjeskay et al., 2005; Filimonenko
et al., 2007; Gal, Strom, Kilty, Zhang, & Zhu, 200Bxamination of CN&eurons and DLMs
of thevps24 mutant revealed marked accumulation of endogenous P62 and its colocalization
with the ubiquitinated lysosomal compartment.

The preceding findings predict that ultrastructural analysis ofgh24 mutant
phenotype in CNS neurons and DLM flight musdiewdd reveal an expanded lysosome
compartment as well as accumulation of autophagic intermediates. These cell types were
examined byTEM and found teexhibit striking ultrastructural phenotypes suggesting disruption
of lysosome homeostasis and autoph@agure6). Neuronal cell bodies, which are surrounded
by a thin layer of cytoplasm in wiltype, were dramatically enlarged in t@s24 mutant and
filled with an expanded, electratense membrane compartm@raigure6A). Feature®f this
compartment inaded a highly electrodense population of spherical structures identifiable as
autolysosome@Nagy, Varga, Kovacs, Takats, & Juhasz, 2015; Takats et al., 2014; Tong et al.,
2012)as well as a striking tubular network that appeared continuous with some autolysosomes.
The distribution of autolysosomes and this tubular network ¢irout the enlarged cell body is
consistent with immunocytochemical studies showing the cell body largely occupied by a
ubiquitinated lysosome compartment. The spherical autolysekkenstructures connected to
the tubular network were less electron deths@ those that appeared to be separate from it,
raising the possibility that this tubular network is related to tubular intermediates in lysosome

biogenesigChen & Yu, 2018; Saffi & Botelho, 2019; L. Yu et al., 2010) muscle(Figure
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6B), accumulation of autolysosomes occurred near the plasma membrangpe2enutant.

However the tubular network was not observed. Finally, autophagic intermediates were present
in both CNS neurons and DLM flight muscle of thes24 mutant, but not inthewildtype. As
described previousl§Nagy et al., 2015; Takats et al., 201djtophagophore or autophagosome
intermediates exhibited a characteristic cleft between membrane shietgresence of ése

autophagic intermediates suggests moderate disruption of autophagys2Aenutant.

Figure 6. Ultrastructural analysis of the vps24 mutant.

Transmission electron microscopy images of CNS neurons (A) and DLM (B) from WT (a)
or the vps24 mutant (b). In the vps24 mutant, accumulation of autolysosomes (arrows)
and tubular lysosome structures (double arrows) as well as autophagosomes (arrowheads
are visible, whereas these structures are absent in WT. Extensive tubulation of lysosomal
compartments is prominent in the neuron of the mutant. In the muscle of the mutant,
mitochondria appear to be swollen.
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These ultrastructural studies confirm tlegs of VPS24 function results in expansion of

the lysosomal compartment and disruption of autophagy. An expanded lysosome compartment
has not been described previously in ESCRT pathway mutants. Accumulation of a tubular
lysosomal network may be relatedtubular intermediate structures in lysosome biogenesis and

suggest a novel role for the ESCRT pathway in lysosome homeostasis.
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Chapter 4
Future Studies of VPS24 StructureFunction: Transgenic Expression of an MIM Domain
Mutant
Domain Structure of VPS24
The VPS24 proteinonsists of five helical domaiisBaj or ek et al ., 20009;

2006)(Figure 7) | 1 and 2 are joined into a long hairpin structure that associates \8ignd

| 4 to form a fowhelical bundle. Following the fourth helix is a long loop connecting it to a
final helix oriented perpendicular to the bundiéghe Nterminus region o¥PS24is positively
charged, while the @rminus region is negatively atged(Shim, Kimpler, & Hason, 2007)
After the| 5 helix, he VPS24 protein possesses a Microtubule and transport{N&racting
Motif (MIM) domain, which is important in forming associations Wi -domairrcontaining
proteins(Figure 7) Previous works have demonstrathdt deletions within the @rminus of
the protein results in ubiquitin accumulation in intracellular compartni8him et al., 2007)
similar to observations made with thes24 mutant identifiechere.

Previous studies have shown that two amino acids at positions 0 and +1 within yeast and
human MIM domains, Arginine and Leucine, have a role in binding to MIT domains
(McCullough, Frost, & Sundquist, 2018; Obita et al., 2007; Stu@relteton et al., 2007)
Another group demonstratedAspergillus nidulanshat these saenamino acids of the MIM
domain are essential for proper VPS24 binding to the effector protein(RatBiguezGalan,
Galindo, HervasAguilar, Arst, & Pefialva, 2009)This structure is conserved between not only

these three organisms but alse@eiDrosophilg C. elegansandS. cerevisiaéFigure 7).
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Figure 7. Domain structure of VPS24.

Microtubule -interacting and transport (MIT) -interacting motif 1 (MIM1) domain present
in the VPS24 carboxyterminal mediates binding interactions with MIT domain-containing
proteins. Mutations that disrupt MIT binding (R217D L218D) are indicated by the red
arrowhead. These mutations were introduced into th®rosophilaEGFP-VPS24MM
transgene. Alignment of VPS24 from human, mous®&rosophila C. elegansand S.
cerevisiae Amino acids changed in the mutant are marked with asterisks. Amino acid
identities (black) and similarities (gray) are shaded.

Molecular Construction of UAS-EGFP-vps24MM

In DrosophilaVPS24 adjacent Arg and Letesiduesare located at positions 217 and
218 of the MIM1 domain.The aforementioned study usiAg nidulansgenerateé mutant form
of VPS24 bysubstitutingthesetwo amino acids with Aspartic AcidThis mutation disrupted
binding to an effector proteirOur lab is interested in the transgenic expression of a similar
R217D L218D mutation ithe DrosophilaVPS24 MIM1 domairto permit identification of
lysosome biogenesis pathway intermediates.

To construct the EGFRps24™ mutant (R217D L218D) transgene, PCR-giieected
mutagenesis via overlap extens{séto, Hunt, Horton, Pullen, & Pease, 198&s utilized

(Figure 8).
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Primers are represented at their annealing sites on the d3NA template. Arrows indicate
rRemersbhamdce s corr e

the 56

to 30 orientation.
were designed such that the desired mutationucleotidesequence idlanked by the WT

Pri

sequence.The mutant sequenceas denoted withsmall rectangles (1) The 15t PCR with

primers a and b using WT DNA template yields PCR product AB. (2) The 2" PCR with

primers ¢ and d using WT DNA template yields PCR product CD. (3) In the 39 PCR, the
denatured PCR products, AB and CD, anneal atthe ver | ap
polymerase (dotted line) to form the mutant fragments (AB+CD). The mutant fragments
are further amplified by PCR with primers aand d.

and

ar e

extende

The firstPCRreaction used EGFPps24 in pBluescriptl SKas the templatand thevps2401

and vps24 FMprimersdesigned by our lab (Table 2). The second reaction used the same

template, although the primers were pBlue 222 and a designed vps24 RM (Table 2).

Table 2. Primers used tointroduce the MIM domain mutation.

Name Nucleotide Sequence

vps2401 atgggcttattcggcaga

vps24 FM gcagcgaggcGTCATCgctttgcatctc
vps24 RM gatgcaaagcGATGACgcctcgctgega
pBlue 222 tagggtgatggttcacgtag

Capital letters indicatesubstituted nucleotides tmtroduce the R217D L218D mutations
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Following purification,both products were quantified and incorporated as the DNA template in a

third PCRusing primersps2401 and pBlue 222. Both tmeutantPCRproduct and EGFP
vps24 in pBluscriptBK- were digested in 601 reactions using BssH Il and Kpn | restriction
enzymegFigure 9A) The mutated 83 bp insemdpBluescriptl Sk vectorwere extracteadnd
ligated togetherE. coliwere transformed with the plasmid and individual colomiese

cultured. After mini prep extraction, additional Bidigestions of EGFRps24™M! mutant in
pBlue and halo K73T in pUAS#Tansformation vectausing Not | and Kpn | restriction enzymes
weredone. As shown in Figure 9Bhedesiredragments wergésolatedand ligated together

such that an EGF#ps24"™! mutant in pUAST plasmid was constructed.

EGFP-vps24MMI (R217D 1.218D)
in pBluescriptl SK-

" EGFP-yvps24MMI (R217D 1.218D)
in pUAST
589
(731) Bel 11 BssH 1l

Xbal
vps24 mutant

Not 1 Tldbp 672bp
Kpn I
(3422, 738) (3441, 657)

Figure 9. Generation of the EGFRvps24MM! transgene construct in the pUAST vector.

(A) BssH Il and Kpn | restriction sites (circled) were used to introduce the PCR fragment
containing the R217D and L218D mutations into the wildype EGFP-vps24 transgene to
replace the corresponding wildtype sequence. (B) Not | and Kpn | restriction sites were
used to ligae the EGFRvps24MM sequence into the pUAST transformation vector.
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Generation of Transgenic Lines

Generation of the UAEGFRvps24"™! transgene construct was completed and
transgenic lines were established as described previously and in the Matetiddethods
(Chapter 2). Transgene expression levels driven by the nepemific ApptGAL4 driver were
assessed in each line by Western blotting. E&PB24"™M! expression levels for each line
were compared to that of the EGMPS24 transgenic line ad in the rescue experiments
(Figures 2 and 4). For these experiments, comparable expression levels of the mutant VPS24
fusion protein and the wittype VPS24 fusion protein is desirable in order to compare their
functional defects. An anGFP antibodyvas used to detect expression of tamsgene
products. The expression level in lines 17B1 and 61A was similar to that o ZB&ER4

(Figure 10) and thus these lines were selected for further analysis.

o EGFP-/PS24MM
L
= Sa \
= 0> 17B161A 129B 18 26 29A o)
—75
Blot:
o-GFP T —— — — — |-
50

a-ACTIN [ e e e - e S e

Figure 10. Analysis oftransgenic expression levels of individual EGFR/PS24MMI |ines.

Western blot analysis of fly head homogenates prepared from WT flies and flies exhibiting
neuronal transgenic expression of a fusion protein, EGFR'PS24, or EGFRVPS24MM!

The mutant VPS24 fusion protein (arrow) migrated at a slightly lower relative molecular
mass in comparison to wildtype VPS24 fusion protein. Expression in lines 17B1 and 61A
was similar to that of EGFP-VPS24. The bands detected with -GFP were absehin WT.
ACTIN was used as an internal loading control.
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Chapter 5

Discussion and Future Directions

Our previous genetic screen revealed a nemsensenutation in theDrosophilavps24
geneencoding a component of the ESCRITcomplex, VPS24, which functions in the highly
conserved ESCRT pathway. Behavioral testing showed this muliedion a TS paralytic
phenotype. In this mutant, expression of WHS24 in neuronsgyielded rescue of theghenotype.
Through the lifespan and climbing analyses described in Chapter 3, the mwiishown to
causedeficiencies in botlhocomotionand viability Rescue experimenitsdicatal neuronal
expression of WT VPS24 is essential for basic motor function and life§pamsidering the role
of VPS24 in the ESCRT pathway, these results corroborate previous studies linking-BSCRT
components to neurodegenerative disease.

To examine theellular phenotype of thegps24 mutant,multiple immunocytochemistry
experiments were conductedbiquitin-positive structures accumulated in tbSand DLM of
the mutant.Interestingly the only CNS cell typesxhibiting high ubiquitin were neurons.
Given the ESCRT pat hway’ ,saswelds priorifimlingsthat o s o ma |
neurons are less capable of maintaining proteostasis relative to other CNS céKagpeso et
al., 2018) these resultsuggesproteostasis is being negatively impacted by th&atran To
further support this conclusion, additional studies investigaketbcation of the ubiquitin

positive structureandt he mut ati on’s effect on the ESCRT
Colocalizationof ubiquitinto LAMP and Cathepsin Berified that the ubiquitifpositive
structures were present in expanded lysosomal compartments. Similarly, colocalization of

ubiquitin and VPS28, an ESCRT protein that associates with VRRSBdth neurons and muscle

suggested the mutant phenotype disigSCRT pathway functionAccumulation of
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endogenou®62, an adaptor protein linkingpiquitinated proteins to ayghagosome

membranesjemonstrated the buildup of autophagic intermediates and, thusly, aytophag
disruptionin thevps24 mutant On the basis of immunocytochemical studiess of VPS24
function hinders autophagic degradatamd yields undegraded ubiqudiiedproteins at the
lysosomal compartmentn addition, the observegkpanded lysosome might reflect a novel role
for VPS24in either lysosome turnover or formatioA.role in turnover would be consistent with
ESCRT function in autophagic degradation of lysosomes and the observed accumulation of
ubiquitinated proteins. Alternatively, a role in lysosome formation would sutigedoss of
VPS24 function leads to accumulation of lysosome intermediates that are arrested during
lysosome biogenesis.

TEM was utilized taanalyzethe ultrastructure of the mutant CNS and DLM.muatant
neuronsgell bodieswere enlarged ancbntaned autolysosonssand a prominent tubular
lysosomahetwork consistent with immunocytochemical evidence of expanded lysosomal
compartments These expanded compartments have not been described in previous ESCRT
pathway mutantsAutolysosomes continuowegith this network were less electron dense than
isolated autolysosomes, suggesting the tubular network is related to tubular intermediates in
lysosome biogenesand providing evidence towardsavelrole forthe ESCRT pathwain
lysosome formationln muscle, the presence of autophagic intermediates indicated the
disruption of autophagy.

To further examine the interaction of VPS24 wi#iBCRTpathway intermediates, we
establishedransgenidinesexpressingheR17D L218D mutat form of VPS24 In ongoing
studies we anticipate it81IM1 domainto be dysfunctionat intermediate membrarassociated

stageswhere effector proteins execute lysophagy or membrane remodeling of the lysdsome.
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VPS24 functions exclusively in lysophagy, intermesatontaining EGFR'PS24"™ may be

colocalized with P62. A role for VPS24 in lysosome reformation from tubular lysosomes would
be indicated if EGFR/PS24M"™M! distribution resembles that of Clathrin or Dynamin and
includes association with buds or neelgions of tubular lysosomesuturestudies will include
coimmunoprecipitation studies of EGRPS24MM! to identify VPS24interacting proteins
within stalled intermediates.

The results reported in this thesis reveal disruption of lysosome homeosthsis a
autophagyesulting fromloss of VPS24 function. In addition, they suggbastthe ESCRT
pathway functions in lysosome biogenesis through tubular intermediates. These studies further
our understanding of the ESCRa&andnewdddgenargties r ol e
diseasesssociated with dysfunctional lysosaihdegradation Improving our grasp of the
molecular mechanisms underlying this process ooeyribute to the design tierapies for

NDD patients.



28
Bibliography

Baj or ek, M., Schubert, H. L., Mccul l ough, J.
Sundquist, W. 1. (2009%tructural Basis for ESCRIT Protein Autoinhibition 16(7), 754~
762. https://doi.org/10(38/nsmb.1621.Structural

Bjerkeogy, G., Lamar k, T., Brech, A., Outzen,
(2005). p62/SQSTM1 forms protein aggregates degraded by autophagy and has a protective
effect on huntingtifinduced cell deathlournal of &Il Biology, 171(4), 603-614.
https://doi.org/10.1083/jcbh.200507002

Brand, A. H., & Perrimon, N. (1993). Targeted gene expression as a means of altering cell fates
and generating dominant phenotydesvelopmentl182), 40:415.

Brooks, I. M., Felling, R.Kawasaki, F., & Ordway, R. W. (2003). Genetic analysis of a synaptic
calcium channel in Drosophila: Intragenic modifiers of a temperaemsitive paralytic
mutant of cacophonyzenetics164(1), 163-171.

Chen, Y., & Yu, L. (2018). Development of resgaito autophagic lysosome reformation.
Molecules and Cells11(1), 45-49. https://doi.org/10.14348/molcells.2018.2265

Clague, M. J., & Urbé, S. (2010). Ubiquitin: Same molecule, different degradation pathways.
Cell, 1435), 682-685. https://doi.org/10.1®/j.cell.2010.11.012

Csizmadia, T., Lorincz, P., Hegedus, K., Széplaki, S., Low, P., & Juhasz, G. (2018). Molecular
mechanisms of developmentally programmed crinophagy in Drosopbileal of Cell
Biology, 2171), 361374. https://doi.org/10.1083/jcb.2002145

Cummings, J. (2017). Disease modification and Neuroprotection in neurodegenerative disorders.
Translational Neurodegeneratip6(1), 1-7. https://doi.org/10.1186/s40088.7-0096-2

Danieli, A., & Martens, S. (2018). P6Mediated phase separation at the intersection of the



29
ubiquitin-Proteasome system and autophagyirnal of Cell Sciengd 31(19).

https://doi.org/10.1242/jcs.214304

Danjo, R., Kawasaki, F., & Ordway, R. W. (2011)trfpartite synapse model in Drosophila.
PLoS ONEG6(2), 2-7. https://doi.org/10.1371/journal.pone.0017131

Fader, C. M., & Colombo, M. I. (2009). Autophagy and multivesicular bodies: Two closely
related partnerell Death and Differentiatioril6(1), 70-78.
https://doi.org/10.1038/cdd.2008.168

Filimonenko, M., Stuffers, S., Raiborg, C.
Simonsen, A. (2007). Functional multivesicular bodies are required for autophagic
clearance of protein aggregates assocmidtdneurodegenerative diseageurnal of Cell
Biology, 1793), 485-500. https://doi.org/10.1083/jcb.200702115

Gal, J., Strom, A. L., Kilty, R., Zhang, F., & Zhu, H. (2007). P62 Accumulates and Enhances
Aggregate Formation in Model Systems of Familial Amyotrophic Lateral Scledosimal
of Biological Chemistry28215), 1106811077. https://doi.org/10.1074/jbc6@8787200

Henne, W. M., Buchkovich, N. J., & Emr, S. D. (2011). The ESCRT Pati»euelopmental
Cell, 21(1), 7791. https://doi.org/10.1016/j.devcel.2011.05.015

Ho, S. N., Hunt, H. D., Horton, R. M., Pullen, J. K., & Pease, L. R. (1989}dBédeted
mutagenesis by overlap extension using the polymerase chain re@sion77(1), 5159.

Hung, Y. H.,, Chen, L. M. W., Yang, J. Y., & Yuan Yang, W. (2013). Spatiotemporally
controlled induction of autophagyediated lysosome turnové&tature Communicationd,
1-7. https://doi.org/10.1038/ncomms3111

Jeibmann, A., & Paulus, W. (2009). Drosophila melanogaster as a model organism of brain

diseasednternational Journal of Molecular Sciengd$X?2), 407440.



30
https://doi.org/10.3390/ijms10020407

Katsuno, M., Sah&s, K., Iguchi, Y., & Hashizume, A. (2018). Preclinical progression of
neurodegenerative diseasisagoya Journal of Medical Scien@&€(3), 289-298.
https://doi.org/10.18999/nagjms.80.3.289

Kawasaki, F., Collins, S. C., & Ordway, R. W. (2002). Synapticiwa-channel function in
Drosophila: Analysis and transformation rescue of temperaemsitive paralytic and lethal
mutations of Cacophonyournal of Neuroscien¢22(14), 5856-5864.
https://doi.org/10.1523/jneurosci-22-05856.2002

Kawasaki, F., Kooa e N . L., Guo, L., Fati ma, S. , Qi u,
(2016). Small heat shock proteins mediate-aatbonomous anéhonautonomous protection
in a Drosophila model for environmentttessinduced degeneratioDMM Disease
Models and Mechasms 9(9), 953-964. https://doi.org/10.1242/dmm.026385

Kawasaki, F., Mattiuz, A. M., & Ordway, R. W. (1998). Synaptic physiology and ultrastructure
in comatose mutants define an in vivo role for NSF in neurotransmitter releaseal of
Neurosciencegl8(24), 10241310249. https://doi.org/10.1523/jneuroscia410241.1998

Kawasaki, F., & Ordway, R. W. (2009). Molecular mechanisms determining conserved
properties of shotterm synaptic depression revealed in NSF and SR&Ponditional
mutants Proceeding®f the National Academy of Sciences of the United States of America
106(34), 1465814663. https://doi.org/10.1073/pnas.0907144106

Leung, K. F., Dacks, J. B., & Field, M. C. (2008). Evolution of the multivesicular body ESCRT
machinery; retention acrosstlkeukaryotic lineagé.raffic, 9(10), 16981716.
https://doi.org/10.1111/].1660854.2008.00797.x

Lim, J., & Yue, Z. (2015). Neuronal aggregates: formation, clearance and spré&agell,



31
32(4), 491501. https://doi.org/10.1016/j.physbeh.2017.03.040

Lloyd, T. E., & Taylor, J. P. (2010). Flightless flies: Drosophila models of neuromuscular
diseaseAnnals of the New York Academy of Scientk34 1-25.
https://doi.org/10.1111/].1748632.2010.05432.x

McCullough, J., Frost, A., & Sundquist, W. I. (2018jructures, Functions, and Dynamics of
ESCRTIII/Vps4 Membrane Remodeling and Fission CompleRgmual Review of Cell
and Developmental Biolog84(1), 85-109.https://doi.org/10.1146/annureellbio-
100616060600

Muzi ot , -Nalina, ER RanedlidRaB., Zamborlini, A., Usami, Y., Gottlinger, H., &
Weissenhorn, W. (2006). Structural Basis for Budding by the ESIGF&actor CHMP3.
Developmental CellL((6), 821-830. https://doi.org/10.1016/j.devcel.2006.03.013

Nagy, P., Varga, A., Kovacs, A. L., Takats, S., & Juhasz, G. (2015). How and why to study
autophagy in Drosophil a: Mehbds75matl&l. t han | us
https://doi.org/10.1016/jipeth.2014.11.016

Obita, T., Saksena, S., Ghdabatabai, S., Gill, D. J., Perisic, O., Emr, S. D., & Williams, R. L.
(2007). Structural basis for selective recognition of ESTIRAY the AAA ATPase Vps4.

Nature 4497163), 735739. https://doi.org/10.1@3nature06171

Pandey, U. B., & Nichols, C. D. (2011). Human Disease Models in Drosophila melanogaster and
the Role of the Fly in Therapeutic Drug DiscovdPhiarmacological Review§3(2), 411
436. https://doi.org/10.1124/pr.110.003293.411

Pankiv, S., Clasi e n , T. H. , Lamar k, T. , Brech, A. Br uu
(2007). p62/SQSTML1 binds directly to Atg8/LC3 to facilitate degradation of ubiquitinated

protein aggregates by autophagy*[&urnal of Biological Chemistr28233), 2413%



32
24145 https://doi.org/10.1074/jbc.M702824200

Papadopoulos, C., & Meyer, H. (2017). Detection and Clearance of Damaged Lysosomes by the
EndoLysosomal Damage Response and Lysoph@gyrent Biology 27(24), R1336
R1341. https://doi.org/10.1016/j.cub.2017.11.012

Pulipparacharuvil, S., Akbar, M. A., Ray, S., Sevrioukov, E. A., Haberman, A. S., Rohrer, J., &
Kramer, H. (2005). Drosophila Vps16A is required for trafficking to lysosomes and
biogenesis of pigment granuléaurnal of Cell Sciengd 1§16), 3663-3673.
https://doi.org/10.1242/jcs.02502

Reiter, L. T., Potocki, L., Chien, S., Gribskov, M., & Bier, E. (2001). A systematic analysis of
human diseasassociated gene sequences in Drosophila melanodastesme Research
11(6), 1114-1125. https://doi.org/10.1104r.169101

RodriguezGalan, O., Galindo, A., Hervasguilar, A., Arst, H. N., & Pefialva, M. A. (2009).
Physiological involvement in pH signaling of Vps@&#diated recruitment of Aspergillus
PalB cysteine protease to ESGRIT Journal of Biological Chemistr284(7), 4404-4412.
https://doi.org/10.1074/jbc.M808645200

Rohrer, J., Schweizer, A., Russell, D., & Kornfeld, S. (1996). The targeting of lamp1 to
lysosomes is dependent on the spacing of its cytoplasmic tail tyrosine sorting motif relative
to the membrandourral of Cell Biology 1324), 565-576.
https://doi.org/10.1083/jcb.132.4.565

Saffi, G. T., & Botelho, R. J. (2019). Lysosome Fission: Planning for an'Heiuds in Cell
Biology, 29(8), 635-646. https://doi.org/10.1016/j.tcb.2019.05.003

Saftig, P., & Klumpeman, J. (2009). Lysosome biogenesis and lysosomal membrane proteins:

trafficking meets functionrNature Reviews Molecular Cell Biologhy(9), 623-635.



33
https://doi.org/10.1038/nrm2745

Scheffner, M., Nuber, U., & Huibregtse, J. M. (1995). Protein ubiction involving an EZ
E2-E3 enzyme ubiquitin thioester cascalature 3736509), 8183.
https://doi.org/10.1038/373081a0

Shim, S., Kimpler, L. A., & Hanson, P. I. (2007). Structure/function analysis of four core
ESCRTIII proteins reveals common regulagaole for extreme @erminal domain.
Traffic, 8(8), 1068-1079. https://doi.org/10.1111/j.16@8B54.2007.00584.x

Stoka, V., Turk, V., & Turk, B. (2016). Lysosomal cathepsins and their regulation in aging and
neurodegeneratiodgeing ResearcReviews32, 22-37.
https://doi.org/10.1016/j.arr.2016.04.010

StucheltBrereton, M. D., Skalicky, J. J., Kieffer, C., Karren, M. A., Ghaffarian, S., & Sundquist,
W. I. (2007). ESCRAIlI recognition by VPS4 ATPaseblature 4497163), 746744,
https://doi.@g/10.1038/nature06172

Takats, S., Pircs, K., Nagy, P., Varga, A., K
Interaction of the HOPS complex with Syntaxin 17 mediates autophagosome clearance in
Drosophila.Molecular Biology of the CelR(8), 1338-1354.
https://doi.org/10.1091/mbc.EA®B-0449

Taylor, P., Brown, R., & Cleveland, D. (2016)eurodegenerative Diseas&897628), 179.

Tong, Y., Gi ai me, E., Yamaguchi, H. , | chi mur a
leucinerich repeat kinas2 causes agdependent bphasic alterations of the autophagy
pathway.Molecular Neurodegeneratioi@(1), 2. https://doi.org/10.1186/178(8267-2

Veron, J., Kinsella, K., & Velkoff, V. A. (2002). An Aging World: 200hternational

Population Reportss7(6), 928. https://doi.org/10.2307/1534740



34
Weidberg, H., Shvets, E., & Elazar, Z. (2011). Biogenesis and Cargo Selectivity of

Autophagosomes. lAnnual Review of Biochemistfyol. 80, pp. 125156).
https://doi.org/10.1146/annurdiochem052709094552

Wu, Y., Kawasaki, F., & Ordway, R. W. (2005). Properties of skenin synaptic depression at
larval neuromuscular synapses in wijghe and temperatwgensitive paralytic mutants of
Drosophila.Journal of Neurophysiolog@3(5), 2396-2405.
https://doi.org/101152/jn.01108.2004

Yu, L., Mc Phee, C. K., Zheng, L., Mardones, G
(2010). Autophagy termination and lysosome reformation regulated by niN@&e
4657300), 942946. https://doi.org/10.1038/nature09076.Autophagy

Yu, S., & Melia, T. (2017). The coordination of membrane fission and fusion at the end of
autophagosome maturatid@urr Opin Cell Biol, 47(1), 92-98.
https://doi.org/10.1016/j.physbeh.2017.03.040

Yu, W., Kawasaki, F., & Ordway, R. W. (2011). Activitiependent interactions of NSF and
SNAP at living synapse$lolecular and Cellular Neurosciencé7(1), 19-27.

https://doi.org/10.1016/j.mcn.2011.02.002



ACADEMIC VITA

JONATHAN FLORIAN
jrf5604@psu.edujonathan.florian@gmail.com
EDUCATION
20162020 The Pennsylvania State University | Schreyer Honors College
Candidate for Bachelor of Science, Biomedical Engineering (Biomaterials)
Date of Graduation: May 2020
Minor: Biology
Area of Honors: Biology

RESEARCH EXPERIENCE
20162020 The Pennsylvania State University | Dr. Fumiko Kawasaki & Dr. Richard Ordway
Undergraduate Researcher in Molecular Neuroscience and Genetics
Goal: Study the genetic and environmental factors contributing to
neurodegeneratiorsing Drosophilaas a model organism
1 Investigated molecular mechanisms of neurodegeneratidrosophila
1 Established and maintained tiraensitiveDrosophilacrosses
Skills obtainedTransgenic lingenerationWestern blding,
immunocytochemistry, PCR, DNA purification/extraction/digestexperimental
design, genetianalysis Drosophilalarval microdissection, laboratory
documentation

TEACHING EXPERIENCE
Summer 2@8 Teaching Assistant, Cellular and Molecular Neuroscidmatmratory(BIOL 497)
The Pennsylvania State University
Course Instructor: Dr. Fumiko Kawasaki
1 Oversaw and advised students performing PCR, genomic prep, and
Western blotting
1 Explained conceptuand technical details of biology protocols to novices
1 Provided feedback on student assignments to reinforce topics and
discussions

Summer 2@9 Teaching Assistant, Cellular and Molecular Neuroscidéatmratory(BIOL 497)
The Pennsylvania State Univeysit
Course Instructor: Dr. Fumiko Kawasaki

HONORS AND AWARDS
2017 Dandrea Trustee Scholarship




20172018 John White General Scholarship

2017-2020  Anderson Memorial Scholarship in Engineering
20182019 B&P Chapman Trustee Scholarship

20182020 Tau Beta PEngineering Honor Society

2019 Herbert H. & Beatrice S. Scholarship

2019 T. & B. Pinkerton Open Doors Scholarship
20192020 Phi Kappa Phi Honor Society

20192020 Academic Excellence Scholarship

2020 S. & T. Ross Trustee Scholarship

SERVICE &LEADERSHIP
20162020 Service Vice PresidenGeneral Member | Penn State Music Service Club
1 Provided the elderly and people with disabilities merriment through
informal music recitals
1 Coordinated with activity directors of LifeLink, CEEL, THON, and the
Hershey Medical Center
T Received the Penn State Performing A
Grant (2019)

20192020 General Member | Council of Lionhearts
1 Represented the Music Service Club in a carwidg service
organization collaboration
1 Deliberated on sucssful practices promoting member recruitment,
retention, and participation
T Pitched discussion strategies to the



