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Abstract

DJ-1 is a multifunctional ubiquitously expressed tpin encoded by the PARK7 gene in
humans. Dysfunction of DI is implicated in various human diseases, particularly
neurodegenerative diseases such as Parkinsor
The highly conserved cysteine residue at positio® has been shown to be an important site

for posttranslational modifications modulating the activity and localization df,hd acting

as a sensor of oxidative and nitrosative stress in the cell. The potential neuroprotective role of
astroglial DJ1 & a regulator of antioxidant gene expression and as an antioxidant itself has
been demonstratad vitro and in multiple animal models exposed to oxidative stressors. To
further our understanding of J6 s pr ot ecti ve rol e intastrogl
conserved C106, we developed a mutant zebrafish line with astregiiected expression of
DJ-1ci06a driven by the promotor region of the glial fibrillary acidic protein (GFA&Rrk7’”
,Tg(gfap:egfp2A-flag-zDJ 1c1069)) (UiB2003). The response ofiBR0O03 larvaeto the PD
phenotypeinducing mitochondrial complex | inhibitor rotenone was compared to that of wild
type, D31 knockout(DJ-1 KO) and a corresponding astroghastricted Ddlwr-expressing
zebrafish lingpark7”", Tg(gfap:egfp2A-flag-zDJ1)) (UiB2001).Both UiB2003 and UiB2001

larvae displayed a drastically lower survival than WT andlLIXD, as well as lowered heart

rate compared to controls. The UiB2003 larvae also showed significantly higher incidence of
edema than D1 KOs. The expressn of tyrosine hydroxylas@H), a markefor dopaminergic

cell death, was reduced in UiB2003 lan@enpared to WTunder basal conditions. The line

did however sow dower induction of inducible nitric oxide synthase (iNOS)narker for
intracellular stess, than D1 KO larvae where marker was significantly increaskdult
UiB2003 fish showed a reduced complex | activity in skeletal muscle compared to WT fish,
while the activity in the astroghech brain was unaffected, indicating C106 independerteff

of DJ1 oncomplex | regulation

In order to examinehe role of cysteine 106 on the ultrastructural localization ofi DY
response to oxidative streggsion proteins of DAwr/DJ-1c106a and the peroxidas@PEX2

were used tdacilitate the targetediaminobenzidinestaining of theSH-SY5Y neuroblastoma
cells following treatment with rotenone. Thmodued a DJ1 specificstaining pattern that
could be visualizedy transmission electromicroscopy andevealed a mainly cytosolic
expression of D, with no staining in the mitochondrial interior, possibly with some faint
expression at the outer mitochondrial membrane. Additionally, the overexpression of the DJ

1wr/DJ-1induced increased contact between the endoplasmic reticulum (ER) and mitochondria
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compared to notransfected cellBoth the localization pattern and induced-EiRochondria

contact was independent of the C106 and of rotefmraheced oxidative stress.

In conclusionthe astrogliarestricted expressiorf ®J-1c10es doesnot protect zetafish larvae

from rotenonenduced oxidative insuland even displays a negative effect under baseline
conditions On the contrary, it appears to facilitate a stronger negative response and heightened
sensitivity to the toxicanOn the other hand)J-1ci06a retains its ability to regulate complex |

in adult fish and INOS in larva&he C106nutationdoes not affect the intracellular localization

of DJ1 nor the ability of DL overexpression to induce ERitochondria association.



1 Introduction

1.1Par ki disease 0 s

Par ki nsonds amowytha smastcoinrRdd neurddegenerativhuman diseass,
afflicting around 1% of people above agé(Be Lau and Breteler, 2008} is a progressive
disorder clinically characterised by tremors, bradykinesia (slowed movearahtpostural
instability. The hallmark of PD is the loss of dopasmigic neurons in theubstantia nigrd SN)

of the mid brain, leading to reduced dopamine levels insthiatum and theformation of
abnormal protein aggregates in the neutor@vn asd_ewy bodiegTwelves et al., @03) The
ethology and pathogenesis of PD is not fully understood, however oxidative stress, protein
aggregation and mitochondrial dysfunction is thought to play a majo{@é&enamyre and
Hastings, 2004)

PD maiifests as two distinct formsporadic and familial. While the familial form accounts

only for about 10% of disease cast® majority of advances made in understanding the
underlying mechanism of PD and elucidating the pathways and proteins involvetidsave
achieved by studying this form. Some notable genes found to lead to PD when mutated are
park?, -syhuclein, parkinPTEN-induced punitive kinase (PINK1) andubiquitin carboxy

terminal hydrolase isozyme L(UCHL-1) (Bonifati et al., 2003, Dawson and Dawson, 2003)

The same gengroductsare believed tde involved in the pathogenesis of sporadic forms of

PD, dysregulated due to environmental effects.

Loss of function mutations in theark7 geneencoding DdL has been linked to autosomal
recessive eatp ns et Par ki (Banifathed a., 2603)Fhe anwleement of D1 in

theinitial stressresponsef PDis supported by elevated levels of-DJound in the brains of

PD patients particularly in the astrocytg®andopadhyay et al., 2004 well asincreased
levels d DJ-1 in othemeurodegenerativdisorderssuchas| z hei mer 6 s di sease,
progressive supranuclear paksyd nultiple sclerosigNeumann et al., 2004, van Horssen et

al., 2010) FurthermorePJ-1 has been found to teghly oxidatively modified in post mortem
samples of PD patientand to colocalize with pathogenic tau indions in multiple

neurodegenerative disordé€f3hoi et al., 2006, Neumann et al., 2004, Kumaran et al., 2007)

10



1.2.1TheDJ1 protein

DJ-1 is asmall (189 amino acidgrotein deglycasencoded by the ARK7gene.The protein

is ubiquitously expressed and highly conser{dnifati et al., 2003)DJ-1 adopts a helix
strandhelix sandwich structure andas been foundo form a homodimerbased on
crystallographic studiggionbou et al., 2003, Wilson et al., 2003f particular interest in this
regard is the discovery of a les&function mutant variandf DJ1 where a highlyconserved
alphahelicalleucineresidueis substituted for proline. This L166P mutant has been found to
cause a hereditary form of P{Bonifati et al., 2003) Following this discovery other PD
causative mutations such &82 6 | , L10P, hawndo bPeh Sa8ired tonpair
dimerizationin vitro (Repici et al., 2013)The inability to dimerize is thought to be the direct

cause of gsfunction, making dimerization crucifdr the activity of DJ1.

DJ-1is foundmainly in the cytoplasminder basal conditionsvith a small pool inhabitinghe
nucleus anéssociated with theitochondrialt has been suggested tha¢ mitochondrial and
nucleic localization of D1 canchange upon oxidative insult leading to stepwise translocation
into the nitochondria and then the nucle@dsinn et al., 2009 Conversely, oe studybased on
subcellular fractionatiofoundDJ-1 to localize to the mitochondria in untreated- SH5Y cells
(Zhang et al., 2018Dthers have foundhitochondrial localization to be dependent on oxidative
stressorgCanetAviles et al., 2004, Junn et al., 20@®)a result ohutrient deprivatiorfCali et

al., 2015) There arealso conflicting results for thesubmitochondrial localization of DJ.
Outer membranenly, inter membranepaceand matrixrestricted or matrix has been proposed
(CanetAviles et al., 2004, Junn et al., 2009, Cali et al., 2015)
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Fig. 1.1 Human DJ-1 monomer.Cartoon representatiaf the human Dd monomemwith
Uhel i ces s harands iniblue andelabps infgrey. The cysteine at position 1
shown in yellow and can be seen in the active seat of the protein.

1.22 The many functions of DI

DJ-1 is a multifunctional protein and has over the gda@en found involved in a myriad of
different pathways and cellular functions. It was first discovered by Nagakubo et al. as a novel
oncogeng@roductable to transform mouse NIH3T3 cells ireg-dependent manné@ragakubo

et al., 1997)As a protein and nucleotide deglycase;1Ddcts in countering the spontaneous
glycation of macromolecules in the cell. Protdimast are norenzymatically deactivated by the
addition ofmethylglyoxal and glyoxab cysteine, argimie, and lysine residussan beeturned

to theirfunctional statdy DJ1-mediated repaifRicharme et al., 2015 J-1 is also involved

in the regulation of multiple pathways in signal transduction. Among theseasitive
regulation of proliferation and survival viactivaion of the phosphatidylinositeB-kinase
(P13K)/Akt pathwayandextracellular signategulated kinase (ERK1/2) pathydt acts ant
apoptotic through inhibition of apoptosis signal regulakimgse 1 (ASK1) as well as mitogen
activated protein kinase kinase kinase 1 (MAP3K1), both parts of the apoptosis signalling
cascad€Oh and Mouradian, 2017)Another function is in male fertility. A BI homolog n

rat, CAP1, was found tdecrease in sperm corelating with decreasing fertiityile DJ1

doubleknockout (KO)in Drosophila lead to male infertilifyVagenfeld et al., 1998, Hao et al.,
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2010) Additionally, DJ1 has been found to act as a positive regulattheandrogen receptor
(AR) by bindingtothe ARbi ndi ng transcr i p(Takahastaétal.r200iul at or

Many of the DJ1 activities relate to defence agst oxidative stres$n addition to acting as an
antioxidant in itself,scavengingH-0> by oxidation of cysteine 10@J-1 is able to induce
expression of antioxidant genetthe glutathione and thioredoxin pathwgpsidresMateos
et al.,, 2007, Raninga et al., 201Ruclear factor erythroid-Belated factor ANrf2) has an
overarching role in the regulation of these gahesugh the Nrf2/ARE pathwagnd DJ1 has
been shown to act upstream of this regulé@ements et al., 2006furthermore, D1 acts as
a chaperone ofsynuclein the main component of Lewy bodigmeventing aggregation
(Shendelman et al., 2004pJ-1 is also mvolved in protein turnoverand has been found to
regulatethe 20s proteasom@Moscovitz et al., 2015PJ-1 is centrain maintaining the correct
morphology and function of mitochondria, additionally affecting autopleglysfunctional
mitochondria as shown by loss of BEllleading to dysregulation of these activitigsebiehl et
al., 2010) In the context of PD and this thesis,-Dbs r ol e in the defenc

stress, maintenance of mitochondrial function and overall neuroprotection will be in focus.

1.23 Posttranslational modificationsegulatethe functions oDJ-1

DJ-1is subject to a variety of posttranslational modificatiosably oxidation, SUMOylation,
phosphorylationnitrosylationand gluthationylatiorfAriga et al., 2013, Raninga et al., 2017)
These have differembles in the many functions of EL1 SUMO-1 conjugatiorat lysine 130
has been shown to be impartdor DJ1 mediated cell growth, artipoptosis activityn UV-
induced apoptosibut alsofor ras-dependent transformatipwith K130 mutation abrogating
thesefunctions(Shinbo et al., 2006PJ-1 has also beendiad to be subject to p&Bependent
phogphorylation The functional role oDJ-1 phosphorylation isargely unknown but it has
been suggested that it may play a roleeigulating the antapoptotic functions of the protein
(RahmanrRobiick et al., 2008)Glutahionylation of Ddl at C53 and C106 has been shown to
be involved in targeting D1 for degradationn vitro andin vivo (Johnson et al., 2016}his is
further supported by the observatithrat loss of glutaredoxinl, the maieglutathionylating

enzymein cells, leads to loss of BlJ(Saeed et al., 2010)

Oxidation is thought to be the central player inDdctivity modulationDJ-1 has been found
to adopt multiple oxidation states resulting in a pl shift that can be observed-oynensional
gel electrophoresiA metaanalysis ofDJ-1 two-dimensional electrophoresisgfiles found

the D31 pool of neuronal tissue to display a character@ticacdic pl shift associated to

13



neurodegeneratiaiiNatale et al., 2010 similar acid shift is observed afteysteineoxidation
induced by oxidative stre¢Bandopadhyay etl., 2004) DJ-1 was found to have potential sites

of oxidation on threehighly conservedcysteine residues; C46, C53 and C106. Based on
mutational analyses of these sites, C106 was found to be the most important site of oxidative
modification and the may player in the acidic pl shift observed under oxidative s{feaset

Aviles et al., 2004)

The conserved C106 of ElJis thought to be fundamental for normal function of the protein. It

lies within a solventicessible cleft at the DI dimer interface, likely to be the active site
(CanetAviles et al., 2004)Cysteinel06 in is believed to act as an oxidative stress sgnsor
modul ating the pr ot dhlerstepviseaoridatiofFig L.8)(Ranmgaetu g h r €
al., 2017) As oxidative stress levels increase thelD3106 sulfhydryl is first oxidisetb the

low activity sulfenic acid formandthen further tdhe most active $finic acid formasreactive

oxygen species (RO%vel increasesFurther oxidation causes irreversible transition to the

inactive sulfonic acid formlrhe C106 residue can also ba&iBosylated enabling DJL to act

in transnitrosylatiorbasedregulationof the phosphatase and tensin homdBGEN), a key

player in neuronal cell deaf€hoi et al., 2014)

A
OH OH OH
sulfhydryl sulfenic acid sulfinic acid sulfonic acid
B #°
I
SH S
i
~—
sulfhydryl S-nitrosyl

Fig. 1.2 Posttranslational modifications of DJ-1 cysteine 106A: The activity of DJ1 is

modulated througlstepwiseoxidation of cysteine 106The transition to the low activit
sulfenic acid form and further to the most active sulfiacid form is reversible, whil
oxidation to the sulfonic acid form is irreversible and renderd Dctive B: In additionto

oxidation, the Cys106 can undergami®osylation and transfer the nitrosyl groap part of
signalling.From Edson et alir{ pres$.
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1.2.4DJ-1 in relation to mitochondrial function

As briefly mentioned in section 1.2.2, ELlJplays an inte@t role in regulating mitochondrial
homeostasisDJ-1 has been showto play an important role in regulation of mitochondrial
function and activitywith DJ-1 deficiencyleading tochange in mitochondrial membrane
potential altered morphology i.e. fragmentation ral loss of connectivityand impaired
respiration(Krebiehl et al., 2010, McCoy and Cookson, 20Mifochondrial dysfunction has
been demonstrated to be agéated and particularly prominent in high enedgmandng
tissues in both B3 KO Drosophila andnice (Hao et al., 2010)Oxidation of cysteine 106 to
the sulfinic acid fom is proposed to beequired for DJl to exerts itsimpact/effect on
mitochondria This has beeshown bya D31 mutant unable to form thsalfinic acid formdue

to alterations to the active sibeing unable to counter mitochondrial fragmentatiespite the
presencef C106(Blackinton et al., 2009)A similar disruption of mitochondrial dynamic is
seen with loss of D1, causing increased fragmentation, lowered membrane potential and
autophagyMcCoy and Cookson, 2011)oss of DJ1 has been shown to affect autophagy in
mouse and human cel{&rebiehl et al., 2010)A similar effect was seen in lymphoblasts
obtained from familial PD patienbelonging to the families where PARK7 was first identified
Here the PD samples had mor@agmented mitochondria as well @teredautophag activity
(Irrcher et al., 2010)The D31 mediated regulation of autophagy has been found to involve
multiple pathways, notably the ERid Akt pathway$Oh and Mouradian, 2017)

Endoplasmic reticuluamitochondria tethering ialsoaffected by DdL. Loss of DJ1 causes

reduced contact and reduced?Captake in the mitochondria. EL) is important for

mitochondrial C&" homeatasisby facilitatinguptake of C& from ER to the mitochondria via
specific contact sitettolini et al., 2013)

DJ-1 regulates the activity ofomplex |of the electron transport chairfE{C) and has been
foundto bind the complex | subunits ND1 and NDUFS4, promoting stal§iigyashi et al.,
2009) DJ-1 deficient cells have also been found to have impaired complex | assembly and
supercomplex formatiofHeo et al., 2012Both knockdown and dysfunctionariants oDJ-

1 has been reported to result in redlicemplex | activity(Hayashi et al., 2009, Zhang et al.,
2018) Interestingly, redued complex | activity haalsobeen linked to the pathogenesis of PD.
Both the activity and amount afomplex | has been found to be reducedpwstmortem
substantia nigraf PD patient§Schapira et al., 1990)
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1.2.5Neur@rotective functiorof astrocyticDJ-1

Astrocytes ardnighly abundanglia cellsandconstitute up to 90% of cells in the human brain
dependingon the region(Park et al., 2012)Not all organisms have theharacteristicstar
shaped astrocyte®und in humansput nonetheless thegtill possesscells that servea
correspondindunction.The astrocytes play an important role in maintaining redox homeostasis
in neurons(JimenezBlasco et al., 2015)Reactive oxygen species and nitrogen species
(ROS/RNS) are byroducs of cellular respiration via the electron transport chain in
mitochondria. At moderate levelshey play important roles in signaly and regulatory
pathways in the cell but at increased levels ROS/RNS may cause damage by gxidtsing,
lipids or DNA (Mailloux et al., 2013)Neurons are especially susceptiblstchdamage due

to their inability to renew themsads, a high basal mitochondrial activéygd high lipid content
(Salim, 2017)

DJ-1isfoundin low levels inneurons, but high levels in astrocytasd astrocytic D1 appears

to playan important rolan protectng neurondrom oxidative stres¢Bandopadhyay et al.,
2004) It has been shown that neuronsadtured with astrocytes have improved survival
compared to neuronal monocultures when treated with-R@&ing stressor@Mullett and
Hinkle, 2009) Culturing neurons with astrocyt®nditioned media had a similar protective
effect When neurons were emultured with DJ1 deficient astrocytes however, they were not
protected against the R@&duced cell death, linking the protective effect to astiodyt-1
expressionFrgyset et al. showed thegbrafish with increased astrocytic-D&xpression were
more resistant to oxidative stressors compared to wild type animals, suppbetiraglox

regulatingrole of D31 alsoin vivo (Froyset et al., 2018)

Increased levels of BT has been found teegulate astrocytenediated protection of neurons
through different pathways. This includastivation of the antioxidant master regulator Nrf2.

By DJ1 binding to the Nrfanhibitor Keapl, Nrf2 idreeto translocate from the cytosol into

the nucleugClements et al., 2006Here Nrf2 binds antioxidant response elements (ARE),
facilitating transcription othe associated genes, whicitlude members of the glutathione
pathway such as glutamate cysteine ligase (GCL)gutdthione synthase (GS$ndredox
regulating enzymes such as thioredoxin 1 (Trx1), peroxiredoxin 1 (Prx1) and superoxide
dismutase 1 (SODI1(EspinosaDiez et al., 2015)DJ-1 is alsoinvolved in the clearance of
excess glutamate from the extracellldpaceand uptake into thastrocytesia regulation of

the channel EAAZ. This prevents glutamateducedtoxicity thus protedhg the neurongKim

et al., 2016) Additionally, the increaskuptake of glutamate into thestrocytesaids in the
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positive regulation of the Nrf2/Keapl pathway resulting in upregulatiantédxidantgenes
and ircrease in extracellular GSH levdls this way the antioxidant activity from the astrocytes
can match the needs of the neurons as increased neuronal éedigdg\o increased secretion
of glutamatgHabas et al.2013) Furthermore, D1 has been shown to reduce the activity of
induced nitric oxide synthase (INO®yesumablyvia inhibition of ASK1 during oxidative
stress thereby preventing excess formation of nitric oiN®). At high levelSNO may lead

to impared protein function through excessiveni®osylation as can be seen in
neurodegenerative disordgf@aak et al., 2009)We have summarized the neuroprotective

function of astrocyte D1 in Figure 1.3.

The dopaminegic neurons of theubstantia nigraare particularly sensitive to oxidative stress
due to heightened base level mitochondrial oxidative s{fassneier et al., 2019nd ROS
production being a natural part of domiae metabolisn{Mouradian, 2002) These neurons
may therefore be especially dependant oridtivity despite the levels of ELJinthe neurons
themselves being relatively lowhis sensitivity coul@gxplain the selective neurodegeneration

seen in PD patients with loss of function-DJ

ASTROCYTE NEURON
p38 *-@@y

MAPK| =>¢ ASK
* g *

Not ' Glut
|
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Fig. 1.3 The neuroprotective role ofastrocytic DJ-1 under conditions of oxidative stress
Astrocytic DJ1 acts in a transcellular manner via multiple pathways to reduce oxic
stress in neurongl) DJ-1 inhibitsiNOS-mediatedoroductionof NO via inhibition of ASK1.
(2) Increased transcription of antioxidant genes and oxidative stress respgorese vip
activation of the master regulator Nr{3) Increased astrocytic glutamate uptake leadin
activation of the NrfPARE pathway and reduced glutamaediated cell toxicityFrom
Edson et al(in press.
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1.3 Neurotoxicantbased models of Parkibken 6 s di sease

An important part of research into thederlyingmechanisms that lead to PD are the many
neurotoxcantbasedmodels ofsporadic® a r k i n s o that havedlemerged aver the years.
1-methyt4-phenylpyridinium ion  (MPP, 1-methyt4-phenytl,2,3,6tetrahydropyridine
(MPTP), Paaquat, éhydroxydopamine (@®HDA) and rotenone have all been used to model
aspects of PD pathogenesis such as the loss of dopaminergic neurons, formation of Lewy bodies
and movement dysfunctio@Zeng et al., 208). Althoughexerted throughifferent modes of

action, thecommon effect of these neurotoantsis an increase in the intracellular levels of

oxidative stress that eventually leads to thedPBracteristic loss of dopaminergic neurons

Rotenone is lipophilic compoundnaturally found inplants of the Derris andonchocarpus
genuslt haspreviouslybeen usedxtensivelyas a pesticidand piscicide, but the use hssce

been discontinuesh many countrieslue to its high toxicityfeared environmentaminpactand

ability to induceparkinsonian phenotypékleinz et al., 2017)

Rotenone actsn cellular respiration via irreversible inhibition of complé of the electron
transport chaiETC). By occupying the Cenzyme Q (CoQ) binding site on Complex |,
rotenone effectively prevents binding of CoQ and transport of electrons further down the ETC.
This does however not prevent the normal transferring of electrons from NADH into Complex
I. With transfer to CoQ blockeeatlectrons are instead transferred tarOthe matrix,forming
theinitial mitochondrial ROSuperoxide Q)zA) (Murphy, 2009) Thisblock in the ETCalso

leads to reduced production of ATElevated levels of ROS may lead to oxidative damage,
lipid peroxidation, defective proteins and DNA damage, and furtteen the line,

mitochondrial dysfunction and apoptogizreenamyre and Hastings, 2004)

It is this elevated ROS productidhat causes the Plke state. Aspreviously statedthe
dopaminergic neurons of tigN areparticulaly sensitive to oxidative stref§louradian, 2002,
Surmeier et al., 201 @ndincreased oxidative stress has been linked to both neurodegeneration
and the formation of Lewy bodi€Bias et al., 2013)
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Fig. 1.4 The molecular structure of rotenone

l4Zebrafi sh as a model organism for Pa

The zbrafish(Danio rerio), a small tropical freshwater fists emerging as a popular model
organism for humadiseaseTheyareconvenientanimalsin that they are easy to house, have
a relatively shortgeneration time of approx.-2 monthsand readily reproduce in captivity.
Furthermore, a single female m@arpduceup to hundreds adffspring per mating. The exteal
fertilisation makes controllinghating anddevelopmental conditionss well as experimental
treatment ofhe eggsfar easier thansingmany other model®evelopment is rapid with most
vital organs formed already 24 hours post fertilizatibhe e@s themselves and the early
embryos are transparent, and embryos/larvae readily tat@uypoundgrom the water around
them (Santoriello and Zon, 2012¥ebrafish embryos arthus particularly ideal for drug
screeimg, as changes to the developing organs are readily observable in the transparent body
(Parng et al., 2002)

In addition to the more practical aspects of using zebrafish as a argdalsm there is a high
degreeof conservation of genome organisation, developmetdakseas well as signal
transductiorpathways between zebrafish and hum@est and Alderton, 2008)t has been
estimated thatapproxmately 80% of human diseaselated genes have corresponding
orthologsin zebrafish(Howe et al., 2013)The overall organisation of the zebrafish byais

well as many of the defined brain areas @s® similar tothat seen irhumang(Tropepe and
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Sive, 2003) Additionally, many of the major neurotransmitter systems, e.g. dopamiredic

noradrenergicare presenfRink and Wullimann2004)

Of particular interest in the context of PD is the ventral diencephalic cluster in zebrafish,
seeminglyhomologous to the midbrain in mammals wheresthigstantia nigras locatedSon

et al., 2003) The zbrafish homolog of theopaminergic neuronal marker protein tyrosine
hydroxylase (TH)which constitutes the rate limiting step in dopamine synthesis, is also found
in the neurons ahis aregHolzschuh et al., 2A0. As previously stated in section 1.1, it is the
loss of dopaminergic neurons in thigbstantia nigrahat is the hallmark of PORarkinsonian
effects such asmpaired movementpxidative stress, mitochondrial dysfunctiorelective
dopaminergic neurodenerationand loss of TH has been demonstratesing neurotoxin
induced zebrafish modetsmdgenetic/knockdown mode(Xi et al., 2011)

1.5 Zebrafish transgenesis \iae |-Scel meganuclease system

Mutational anafsis using gnetically modified animal modets/erexpressing diseaselated
genes, expresyy mutated variant®f these genesr with complete knockoutshave given
further insight into their functio(Grunwald and Eisen, 200Zhe externalfertilization, high
number ofeggsper matingas well aghe translucent eggand embryosnake zebrafish ideal
animal models fostudies based on transgenesignasoinjections can b@erformed directly

on the egg at thenecell stage and effects can be observed from this point.

Classical transgenesis, i.mjecting zebrafish with a transgeharbouring plasmidonly,
generally yields a low expression rate. The transgene may initially be expressed at the early
stages of development, but not incorporated in the genome so that expression is eventually lost.
In the case that the transgene is incorporated, this isinfeanosaicpattern with low germline
transmission, so that positive FO fish only yield a few percent positive offspragsgenesis

in fishhas beegreatly improved using theScel enzymeBy co-injecting plasmids harbouring

a transgene flanked by th&tel recognition site with theScel enzyme at thedell stage both

the number of positive FO fish and the germline transmission is vastly improved, with up to
50% of the F1 generation inhanig the transgeneas well as reduced mosaicigithermes et

al., 2002)

[-Scel is a meganucleaséginally isolated fronthe yeasSaccharomyces cerevisiagth an
18 bp recognition site. Due to the large recagnitsite, this sequence is expected to occur
randomlyonly once in 7x18 bp and does not occur in the zebrafish gengfiteermes et al.,

2002) The mode of action for inserting the cut transgene sequence intmnthragés not fully
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understood, put is thought to involwStel causing a doubktranded break in the genome. |

Scel was initially used to study homologues recombinatiorb ut it 6s abil ity t
strand break is likely nonspecific as inserticas been observed at independent sites. By
continuously cutting the plasmids at the recognition sitegdl counteracts the endogenous

ligase activity of the cell, leavirtge insert to be integrated via the endogenous repair machinery
(Grabher et al., 2004While other methods such as Tol2 are more prone to multiple insertion

events, {1Scel favours single insertiof&rabher et al., 2004)

1.6 The APEX2 system faultrastructuraprotein localization

A newly developed todbr ultrastructural protein localization and proteomics is the peroxidase
APEX2. It is a27 kDa modified form of soybean APMith theintroducedmutations K14D,
WA41F, EL12K and A134P. These modificatiadmsve showiio improve the catalytiproperties

of APX, further improving its use in electron microscopy and proteoth&s et al., 201p
APEX2 catalysesthe polymerisation of3 , -@ianinobenziding(DAB) in the presencef
hydrogen peroxidegorming an insoluble precipitat€his activity is retained in fixed cells and
useful for stainings the polymer cannot diffuse and remains at the original site of formation
The polymer is visible by brigkteld microscopy. Furtirenore, it can be rendered EWsible

by osmium tetroxide treatment aisis compound reacts with the DAB polymer, leaving
electrondense osmiunMartell et al., 2017)By engheeringfusion constructs of APEX2 and
aprotein of interestconnected by a flexible linkethe DAB polymer will be distributed in the
cell based on the distribution of this proteiinis method hagreviouslybeendemonstrated
with the electron microscopyased determination tiiesubmitochandriallocalization pattern

of MICU1, a regulatory protein involved in calcium uptdkam et al., 2015)APEX2 can also

be used tacatalyse the biotinylation giroximal endogenouproteinsin live cells This in
combination withstreptavidinbased chromatography followed by mass spectronmeéhes
APEX2 fusion proteins useful tools for proximitased protein mappir(gung et al., 2016)

1.7 Background and aims of the study
To further our understanding of PD ethology and pathegie and the role of Bl] two
genetically modifiezebrafishineshave already been established and characterised in our lab.
The first line, UiB1001 Tg(gfap:egfp2A-flag-zDJ1)), is aTubingen AB(TAB) line with
astrogliatspecific overexpression of b1 driven by elements of the glial fibrillary acidic
protein (GFAP) promotoffFroyset et al., 2018).arvae of this line were found to be protected
against MPP-induceddamage related to oxidative stress, demotistrdhe protective role of
DJ-1 upregulation in astrocyteadditionally, cell sorting (FACS) followed byrptein profiling
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of astrocytes overexpressing -DJshowed an upregulation of proteins involved in redox

regulation, mitochondrial respiration andlammation.

The second line, UiB200Q&rk7"), is a TABbasedline with complete knockout of BI

(Edson et al., 2019Yhis line did not display any phenotype at the larval or young adult stage.
Older fish however, showed a lowered expression of tyrosine hydroxylase, downregulated
mitochondrial complex | activity and a visual phenotype of low body weight and decreased
pigmentation, especially in male§hrough labeffree mass spectrometry of adult brain samples
the impact on protein expression was examined. Five main groups of proteins with changed
expression compared to wild types were found in thd B fish; protein inelved in stress
response and vesicle trafficking, the mitochondrial transport chain, glutathione metabolism,

inflammation and translational regulation

Using the already established -DJKO zebrafish line(UiB2000), a line with astroglial
restricted expreson of DJ-1 has beerestablishedo see if this had a similar protective effect
as seen in the astroglial overexpression WiB1001 Following this we wanted to create a
correspondingstrogliatspecificDJ1c106a line to investigate whether the effedafsastroglia
restricted expression of EL) were dependent on the C106 resjdue. if this line would

resemble the KO line or if any of the protective effects of the UiB1001 line wowdheited

In addition todeveloping and characterising the asliedespecific DJd1cioeazebrafish line, we
wantedto determine the ultrastructuralcalization o WT DJ-1 and the C106A mutait vitro,
andto look forchangsin thelocalization patterof these two variantis response to rotenone
induced oxidative se¢ss This would be done first by creating APEX8ked DJ1wticioea
fusion constructs and thesingSH-SY5Y cells asanin vitro modelof neuonalcellsin which

the fusion constructs could be expressed. The localization pattern of the fusion protéths wo
then be determined by transmission electron microscopy. pbhentially redoxsensitive
mitochondrial localization was giarticularinterest as the results from different studieghly

are conflicting. Previous results are mainly based on subcdlatdionationandfluorescence
microscopythus using APEX2 as awel approach
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In summary, the principle goal of this thesis was to understand the function of the C106
residue of D4l in oxidative stress respong&ur objectives were therefore to:

T

Create an astrogliakstricted Ddlcioea €Xpressing zebrafish line from the established
DJ1KO line,

Characterise the new line and compare it to the W11 BO and UiB2001 lines in
terms of both basal and streeduced damage and alterations in protejpression
Generate a hDIwt-APEX2 and hDdlc106a-APEX2 plasmid constructs

Use APEX2 constructs to visualise the ultrastructural localisation patternh{DJ

compared to Ddci1oeaunder basal and oxidatively stressed conditions.
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2 Maternls

2.1 Plasmid constructs

Plasmid

Supplier (Cat. No.)

DsRed2Mito-7

pPcDNA3 APEX2NES

pcDNA3 FlagDJ-1wr-APEX2-NES
PcDNA3 FlagDJ-1ci106+APEX2-NES

Addgene (55838)
Addgene (49386)

pBSIScetgfap:eGFR2A-FlagzDJ 1wt -

pBSIScetgfap:eGFR2A-FlagzDJ1c106a

2.2 Primers

Name

Sequence 506 to 36

Use

E11-DJ106 Fw

E12-DJ106 Rev

E16:DJ Seq 2

HO1_zDJ1_C106A rev
HO2_hDJ1_Bsp120Il_F

TGSTCGCTGCAATCGCTGCAGGCCCG Site-directed

ACGG

mutagenesis

CCGTCGGGCCTGCAGCGATTGCAGCC Site-directed

ATCA

CATGGTCCTGCTGGAGTTC

GACGGCCAGTGAAATTACC
GCGCGGGCCCACCATGGCTTCCAAAA

mutagenesis
DNA sequencing/
PCR screning
PCR screening

Restrictionbased

GAGCTCTGG cloning
HO3_hDJ1 Bspl120l_R GCCGGGGCCCCGCTGCCGCCGCCGC Restrictionbased
GTCTTTAAGA ACAAGTGGAGCC cloning
HO4 _hDJIAPEX2 F GTAACAACTCCGCCCCATTG DNA sequencing
HO5_hDJXAPEX2 R GGTGCTTGATGGTTCCGAAG DNA sequencing
2.3 Enzymes
Name Type Restrict-3@)n s iSupplier(Cat. No.
Bsp120I Restriction G|GGCCC Thermo Fisher

Scientific
(ER0131)
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I-scel Homing TAGGGATAA|CAGGGTAAT New England

meganucleas

Kpnl Restriction  GGTAC|C
Ncol Restriction CICATGG
Notl-HF Restriction

Ndel Restriction CA|TATG
Shrimp Alkaline Alkaline N/A

Phosphase (rSAP) phosphatase
T4 DNA Ligase DNA Ligase N/A

PfuUltra Il Fusion DNA N/A
HotStart DNA Polymerase
Polymerase

Biolabs R06943
New England
Biolabs (R0142S)
New England
Biolabs (R0193S)

New England
Biolabs (R0111S)
New England
Biolabs (M0371S)
New England
Biolabs (M0202S)
Agilent
Technologies
(600670)

2.4 Readymade buffers and media

Name

Supplier (Cat. No.)

CutSmar? Buffer
10x DNA Loading Buffer
NativePAGE Running Buffer (20X)

NativePAGE Sample Buffer (4X)

NEBu f f -SaelEL0x)

NEBuf f BOxXE 1

dNTP mix PCR grade

Dul beccobés Modi f-ihighdggluddseqg |
(DMEM)

NuPAGE® MES SDS Running Buffer (20X)

New England Biolabs (B7204S
Takara 9157

ThermoFisher scientific
(BN200J)

ThermoFisher scientific
(BN2003

New England Biolab$80694
New England Biolabsg70019
Roche (11814362001)
SigmaAldrich (D6429)

Thermo Fsher Scientific
(NP0002)
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NuPAGE® Transfer Buffer (20X)

10x PfuUltra Il reaction buffer

S.0.C. Medium

Thermo Fisher Scientific

(NP00061)

Thermo Fischer Scientific
(15544033

T4 DNA Ligase Reaction Buffer

Agilent Technologies (600670)

New England Biolab (B0202S)

2.5 Commercial gels and membranes

Name

Supplier (Cat. No.)

Amer shamE HybondE P 0. 4!GE Healthcare Life science
(10600023)

Membrane

Nat i veP ABERSTS Protein Gel

NUuPAGE® 4-12% Bis-Tris Protein Gel

Thermo Fisher Scientific

(BN1001BOX)

Thermo Fisher Scientific

(NP0321BOX)

2.6 Molecular size markers

Name

Use

Supplier (Cat. No.)

NativeMark Unstained
Protein Standard

PageRuler Plus Prestained

Protein Ladde
Quick-Load® Purple 2Log
DNA Ladder

Native PAGE protein
standard

Western blot protein size
marker

Agarose gel DNA size

marker

Thermo Fisher Scientific
(LCO725

Thermo Fisher Scientific
(26619)

New England Biolabs
(NO550S)

2.7 Bacterial strains

Name

Use

Supplier (Cat. No.)

Escherichia coli Subcloning

Plasmid vector

Ef fi ciDeHBAyEE C o mp e t propagation

Invitrogen (18265017
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2.8 Cell lines

SH-SY5Y Human bone marrow neuroblastoma ATCC

2.9 Antibodies

Primary Clonality, Host

Anti-DJ-1 1:3000 Polyclonal, Rabbit Novous Biological (NB30&270)

Anti-TH 1:10 000  Monoclonal, Mouse ImmunoStar (22941)

Anti-iINOS  1:2000 Monoclonal, Mouse BD Biosciences (610431)

Secondary Clonality, Host, Conjugate

Anti-Rabbit 1:10 000 Polycloral, Donkey, HRP  Jackson ImmunoResearch
(711-035152)

Anti-Mouse 1:10000 Monoclonal, Donkey, HRP Jackson ImmunoResearch
(715035150

2.10 Zebrafish strains and lines

UiB1001 TAB Tg(gfap:egfp2A-flag-zDJ-1)

UiB2000 TAB park7”

UiB2001 UiB2000 park7”, Tg@fap:egfp2A-flag-zDJ1)
UiB2003 UiB2000 park7”, Tg@fap:egfp2A-flag-zDJ 1c1069)

Spotty wild type (SWT) - -
Tubingen AB (TAB) - -

2.11 Commercial kits

BigDye Termnator v3.1 Cycle DNA sequencing Applied Biosystems
Sequencing Kit (4337455)



QuickChangell Sitédirected
Mutagenesis Kit
QIAquick® Gel Extraction Kit

QIAquick® PCR Purification Kit

QIAquick® Spin Miniprep Kit

Site-directed
mutagenesis

DNA extraction from
agarose gel

DNA purification from
PCR

Bacterial culture

miniprep

Agilent Technologies
(2005235)
Qiagen 28709

Qiagen 28109

Qiagen 27109

2.12 Chemicals and reagents

Chemical
Acetic acid 100%
Agar 100 Reis

Ampicillin sodium salt

b-Nicotinamide adenine dinucleotide, reduc

disodium salt hydrate
Bovine Serum Albumin (BSA)
Bromophenol blue

Calcium chloride dihydrate

Supplier (Cat. No.)

Merck KGaA(100063

Agar scientific Limited R103J)
SigmaAldrich (A0166-5G)

SigmaAldrich (N8123100MG)

SigmaAldrich (A7906)
SigmaAldrich (B0126:25G)
Merck KGaA (1.02382.1000)

CHAPS
3 , -Bi@aminobenzidine
Digitonin (5%)

Dimethylarsinic acid sodium salt trihydrate

Dimethyl sulphoxide (DMSO)

DL-Dithiothreitol (DTT), min 99% titration

EDTA
Ethanol

Ethyl 3-aminobenzoate methanesulfonate s

Gelatine capsules
Glutaraldehyde 25% solution

Glycerine 87%, AnalaR NORMAPUR®

analytical reagent

Glycine

SigmaAldrich (C3023
SigmaAldrich (D800X1G)
ThermoFisher scientifitBN2006
Merck KGaA(8.20670.010p
SigmaAldrich (D2438)
SigmaAldrich (D0632

Merck KGaA (108431

VWR (20821.33)

SigmaAldrich (A5040)

Electron Microscopy Sciencés0103
ChemiTeknikk AS (16310)
VWR (24385.295)

Merck KGaA (104203



HCI, 37%

Hepes

K2HPQy

KH2POy

KCI

LB Broth

LB Broth with agar (Lennox)

Lead (II) nitrate

Methanol

Methylene blue

MgSO4

NaCl

NaF, SignaUltra min. 99%

NagVOas, min. 90% titration
Nancy520

Nat i vePAGRI Sarnie Rlditive
Nitro Blue Tetrazolium chlorid&8+%
Osmium tetraoxide
Paraformaldehyde

Phenol red

PonceauS

Protease inhibitor cocktail (tablets) complet

mini

Rotenone

Sodium ndodecyl sulfate (SDS), 20% aq.
soln.

Sucrose

Super Signal E West P

Chemiluminescent Substrate
Tri-natriumcitrat dihydrate
Trizmabase (H2NC(CH20H)3)
Trypsin/EDTA (005%/0.02% w/v)
TWEEN® 20

Merk KGaA (100317

Merck (110110
SigmaAldrich (P3786

Merck KGaA (104873

Merck (104936
SigmaAldrich (L30221KG)
SigmaAldrich (L2897-1KG)
Merck KGaA(1.07398.010p
VWR (20847.307)

Merck KGaA (159270.0100)
SigmaAldrich (M7506)

VWR (27810.29%
SigmaAldrich (S7920
SigmaAldrich (S6509
SigmaAldrich (01494500UL)
Thermo Fisher Scientific (BN2004)
Alfa Aesar ($0230)

Electron Microscopy Scienc¢$9139
SigmaAldrich (P6148)
SigmaAldrich (P5530Q
SigmaAldrich (P3504)
Roche(11836153001p

MP Biomedicals (150154)
Alfa Aesar (J63394)

SigmaAldrich (84100
Thermo Fischer Scientific (34577)

Merck KGaA(5674461)
SigmaAldrich (T1503)
Biochrome(L2153
SigmaAldrich (P5927500ML)
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Uranylacetate

Electron Microscopy Scienc¢22400

2.13 Instruments

Name

Use

Manufacturer

Beckman GSL5R Centrifuge

BIOFUGE pico
Che mi
System

DNAENgine PTG200 rev

DocE XRSH+

Electrophoresis power supply

EPS 301
Gel DocE EzZ i
LEICA M420 Macroscope

ma ¢

Multitron Standard incubation

shaker
Nanodrop NB1 0 0 0 E

Owl E EasyCas
Electrophoresis System
Owl E EasyCas
Electrophoresis System
Picospritzer IIntracellular

t E

TP

t

microinjection dispense system
SteREO Lumar. V12 Fluorescen

microscope

Reichert Ultracut S
Ultramicrotome

VibraCell VCX130, 130 W
ultrasonic processor
XCell 11 E BI

ot

Centrifugation
Centrifugation
Western blot visualisation

Polymerase chain reactiol
Restriction digestion

Power supply

DNA gel visualisation
Zebrafish larvae imaging
Bacterial shaking
incubation

DNA and praein
concentration
measurements
Agarose gel
electrophoresis
Agarose gel
electrophoresis
Zebrafish egg injection

eGFP screening

Ultrathin sectioning

Homogenization of

zebrafish larvae

Western Blotting

Beckman Coulter

Heraeus

Bio-Rad

Bio-Rad

Amersham Biosciences

Bio-Rad

Leica

Infors HT

Thermo Fisher Scientific

Thermo Fisher Scientific

Thermo Fisher Sentific

Parker

Zeiss

Leica

Sonics

Thermo Fisher Scientific
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XCel | Sur el oc kESDSPAGE, Native PAGE Thermo Fisher Scientific
Electrophoresis Cell

HoeferSE 260 system SDSPAGE Hoefer Inc

Eppendorf 5810 centrifuge Eppendorf

2.14 Software and online tools

Name Use Developer

EMBOSS Needle DNA pairwise sequence alignmen EMBL-EBI

Fiji Protein quantification LOCI

CLC Main Workbench ~ DNA sequencing data viewer Qiagen Bioinformatics
Codon Usge in Homo  Codon optimization Codon Usage Database
sapiens

2.15 Buffers, media and solutions
All buffers, media and solutions are prepared with Miliultrapurewater unless otherwise

specified.

2.15.1 Cultivating bacteria

1x LB-Agar 1x LB medium
35¢/L LB Broth withagar 35¢/L LB Broth
(Autoclaved) (Autoclaved)

Ampicillin stock (100ug/mL)
100 pg/mL Ampicillin sodium salt

2.15.2 Mammalian cell culturing and experimental treatment

DMEM complete 10x PBS (pH 7.4)
10% (v/v) Fetal Bovine Serum 1.55 M NacCl
1% (v/v) PenicillinStreptanycin 58 mM NaHPO, A OH
in DMEM 18 mM KHPOy
27 mM KCI
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1x Trypsin solution
0.01%(w/v) Trypsin
0.004%(w/v) EDTA
in 1x PBS (pH 7.4)

2x Cacodylate buffer (pH 7.4)
4 mM CacCl2 - 2H20
in 0.2 M NaCacodylate buffer

Glycine quenching solution
20 mM Glycine

in 1x Cacodylate buffer

1x DAB staining solution
1x DAB solution

10 uM H0O2

1x Cacodylate buffer

2.15.3 Agarose gel electrophoresis

50x TAE

242 g/LTrizma base

50 mM EDTA

57.1 mL/L Glacial acetiacid

Na-Cacodylate buffer(pH 7.4)

0.2 M Dimethylarsinic acid sodium salt
trinydrate

0.2 M Sucrose

0.005 M Calciumchloriedihydrat

2 % Glutaraldehyde fixation solution
2% (vol/vol) Glutaraldehyde

in 1x Cacodylate buffer

10x DAB solution
5 mg/mLDiaminobenzidine
in 0.1 M HCI

2.15.4 SDSPAGE and western blotting

5x SDS sample buffer
250 mM Tris(pH 6.8
10 % (w/v) SDS

50 % (v/v)Glycerol

0.025 % (w/v) Bromophenol blue

0.5 MDTT

10x TG
250 mMTrizmabase
1.92 M Glycine
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1x TGS (Running buffer) 1x TG + methanol (Transfer buffer)

IxTG IxTG

0.1% (v/v) SDS 10% (v/v) Methanol
Ponceaus$S solution 1x PBST

0.1% (w/v) Ponceau S 1x PBS

1% (v/v)Acetic acid 0.5% Tween

in dH0

2.15.5 Zebrafish embryo and larvae growth, maintenance and experimental
treatment

1x E3 Blank 1x E3 Blue
5mM NaCl 5 mM NaCl
0.17mM KCI 0.17mM KCI
0.33mM Cadl 0.33mM Cadl
0.33mM MgSQ 0.33mM MgSQ

0.01 % (v/v) Mehylene blue

10x Injection buffer Injection gel

0.1 M KCI 1.5 % (w/v) agarose

0.5% (w/v) phenol red in 1x E3 Blank

Tricaine stock soltion (pH 7.0) Tricaine (for euthanasia)
4 mg/ml Ethyl 3-aminobenzoate 6 ml Tricainestock solution
methanesulfonate salt in 100 ml fish water

21 mM Tris (pH 9)

10x PE (pH 7.6) Homogenization buffer
100 mM KeHPQy 1x PE buffer

100 mM KHPQy 6 mg/mL CHAPS

10 mM EDTA 50 mM NaF

200 & Mg NaVvO
1 tablet/25 mL Protease Inhibitor Cocktail
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2.15.5 Complex | irgel activity assay
Complex | homogenization buffer
3mM EDTA
250 mM Sucrose
100mM HepegpH 7.9

Complex | substrate solution

2mM Tris-HCI (pH 7.4)

0.1 mg/ml NADH

2.5 mg NitroBlue Tetrazolium chloride
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3 Methods

3.1.1T4 DNA ligation
Reactions were prepared with T4 DNA Ligase Reaction Buffed00 ng vector, the amount

of insert that would yield a 1:3 molar ratio of vector to insert and 1 yL of T4 DNA ¢itgaa
final of volume of 20 pL.If a higher insert to vector ratio was used this is specified. The
reactiors wereincubated at 16°C O/N.

3.12He a't shock transformation of DH5U b

isolation
50 Ol of DH5U cells were thawed-3dafligatore f or

reaction or plasmid. Cells were incubated on ice for 30 min, heat shocked for 40 set%

°C water bath and then immediately put on ice for 2 min. 200 pl of S.0.C. medium was added
to the cells before incubating at 37 °C and 250 rpm for 1 hour. 50 and 100 pl of each bacterial
preculture were plated on separate-Agar plates containind00 pl/ml ampicillin and
incubated at 37 °C O/N.

Colonies were picked from the plates and used to inoculate 4 ml of medium (LB, 100 pg/ul
ampicillin) in 15 ml tubes. Tubes were incubated at 37 °C and 250 rpm O/N. A bdicteria
control was prepared amgcubated accordingly.

The bacterial O/N cultures were pelleted by centrifugation at 10 000 rpm for 3 min and the
supernatant was removed. Plasmid was extracted using the QIRdsiik Miniprep Kit

foll owing the suppl i er 0 stratinm of tha plasmidigrepsasn uc | e i
determined using the Nanodrop NDO 0 0 E , with appropriate samp

following determination of nucleic acid concentration was done accordingly.

3.1.3DNA sequencing
DNA sequencing was done using the BigOyminator v3.1 Cycle Sequencing Kit (Applied

Biosystems). Samples were prepared using 1 ul BigDye, 1 pl BigDye Buffer, 200 ng template
DNA, and 3.2 pmol of the appropriate forward or reverse sequencing primer, to a final volume
of 10 pl.
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The cycle squencing was then run on a thermal cycler using the following program:

Step Temp Time

Initial denaturation 96 °C 1 min
Denaturation 96 °C 10 sec
Annealing 50 °C* 5sec 25 cycles
Extension 60 °C 4 min

Final extension - -

Hold 4°C b

* The standard annealing temperature 50 °C was used unless a sequencingp@aifierannealing
temperature (5 °C below primer Tm) is specified

After the PCR was completed, 10 pl of Mi{) was added to each sample and the samples

delivered tolie University of Bergen DNA Sequencing Lab for sequencing.

3.1.4Agarose gel electrophoresis
To visualise DNA, determine the size of and to isolate specific fragments;doNtaining

samples were prepared aseparatedn an agarose gel. Gels were prepdngdissolving 1%

(w/v) agarose in 1x TAE Buffer by repeated boiling in a microwave oven. When the liquid gel

mix cooled to 60 °C, 1 uL Naney20 was added per 50 mL gel solution and the gel casted in

an OwlE EasyCastE B1l or Btém. Simplés wéeprepait witbt r o p
1x DNA Loading Buffer (Takar a) and run in t
Electrophoresis System with 1x TAE as running buffer aLl@@V until adequate separation.

Samples containing 1x Green GoP&uffer were loadedirectly onto the gel without adding

additional | oading buffer. Visualization and

3.1.5 Zebrafish care
Adult Zebrafish, larvae and eggs/embryos were kept at the University in Bergen Zebrafish

facility following facility guidelines.

Zebrafish mating for experiments or line maintenance was done by keeping the males and
females separated O/N in specialized mesh partition boxes. The fish were combined in the top
portion of the box the following morning, allowingggto collect below the mesh. Eggs were

collected with a net and kept in E3 Blue in 10 cm petri dishes in a 28 °C incubator. Eggs to be

screened by fluorescence were kept in E3 Blank to avoid background fluorescence.

Adult zebrafish screened negative orbie used for collecting brain and muscle samples were

euthanised. The fish were first anesthetized in 100 mL of tricaine solution. When opercular
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movement ceased, the fish was placed in a <4°C ice slush for 20 min and then sg0%d.at

Brain and museé samples were harvested prior to freezing as needed.

3.2 Establishment of the transgenic zebrafish line (UiB2003)

3.2.1 Sitedirected mutagenesis: introducing-DLys106 to Alal06 mutation to

the pBsIScelgfap:eGFRP2A-FlagzDJ1 plasmid vector
Mutagensis and subsequent Dpdigestion were performed using the QuickChangell-Site

Directed Mutagenesis Kit. 1x reaction buffer, 50ng #8selgfap:eGFP2A-FlagzDJ1
plasmid(Froyset et al., 2018)125ng of each of thprimers E11DJ106 Fw and EXPDJ106

Rev (see section 2.2), 1 ul PCR grade dNTP mix and 2.5 U PfuUltrall DNA polymerase was
prepared to a final volume of 50 pl. A tempkitee PCR control was prepared accordingly.
The reaction was run on a DNAEngine RZM® rev thermal cycler using the following

program:

Step Temp Time

Initial denaturation 95 °C 30 sec
Denaturation 95 °C 30 sec
Annealing 55°C 1 min 30 cycles
Extension 68 °C 13 min

Final extension - -

Hold 4°C b

Both the zDJl Cys106 to Alal06 mutation PCR sample and the control plasmid PCR sample
were then incubated with 10 U Dpnl for 1 hr at 37 °C in the thermal cycler.

The Dpntdigested mutated plasmid pBSceltgfap:eGFP2A-FlagzDJ 1c10sa PCR was used
t o transf ds. Bact@id Sclltures evere grown from the resulting gB8ek
gfap:eGFP2A-FlagzDJ 1ciosatransformed colonies and plasmid samples subsequently

prepped from each culture as described in se&tibr2

3.2.2 DNA sequencing: Verifying the B0 Cys106 to Aa106 mutation in the

pBsIScelgfap:eGFRP2A-FlagzDJ 1ci06a plasmid vector
In order to verify the newly introduced C106A point mutation in the-z[@&ne of the pBs

IScelgfap:eGFP2A-FlagzDJ 1c106a plasmid vector, the zDBI region of the plasmid was
seqienced. This was done for each plasmid miniprep as described in settibusig the
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forward sequencing primer EAB) Seq 2 (see table 2.2) and the prisgecific annealing
temperature 57°C.

3.2.3 Double digestion of the pBIScetGFAP.eGFRP2A-FlagzDJ1yr and
pBS1SceltGFAP.eGFP2A-FlagzDJ 1ci06a plasmids and reinsertion of zbJ

1ci0eainto the original vector
The mutated plasmid harbouring zshoea verified by sequencing and the original zDwhr-

harbouring plasmid were double digested. For eadmpth both a 500 ng and 1000 ng plasmid
sample were prepared. Samples were prepared with 1x NEBuffer 1, 1x BSA, 500 ng or 1000
ng of plasmid, 2 U Kpnl (NEB) and 2 U Ncol (NEB) to a final volume of 20 uL. Digestion was
run at 37°C for 1 h.

In order to isolte the desired plasmid fragments, the samples were run on a 1% agarose gel
(see sectior.1.4 at 90V for 55 min. 1.5 pug-Rog NEB ladder was used as standard. The
resulting 10500 bp band of the original plasmid and the 1580 bp band of tiezExblasmd

were excised from the gel and purified using the QIAquick Gel Extraction Kit (Qiagen)
according to the manufacturers protocol.

The plasmid fragments were ligated using T4 ligation (see se8tiof) and the resulting
ligation mix used to transform DB c el | s . Heat shock transform

growth and plasmid miniprep was performed as previously described (see 8¢cn

3.2.4 Verifying the insertion of zDJdcioea in the pBSISceltGFAP:eGFP2A-

Flag- zDJ1c106a plasmid by PCR scream
The correct reinsertion of the zdi0sa-harbouring fragment in the plasmid was verified by

PCR screening using primers whose ca. 1000 bp amplicon span theplaserid reinsertion
site. Samples were prepared with 1 pliref newly preparedBS-IScd-GFAP:eGFP2A-Flag
zDJ1c106a Miniprep or 1 pL of a 1:10 dilution of the same miniprep, 1x Green GbTaq
Reaction Buffer, 1.25 mM Mggl 0.2 mM dNTP, 0.5 uM of each of the primersl& D31
Seq and HO1_zDJC106A rev (see table 2.2) and 0.5 U of GATB&A Polymerase to a final
volume of 20 pL. Corresponding samples with the original 8&FGFAP:eGFP2A-Flag

zDJ 1wt plasmid were prepared accordingly as a positive control.
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The reaction was run on a DNAEngine RZQ0 rev thermal cycler using the followg

program:

Step Temp Time
Initial denaturation 95 °C 5%c
Denaturation 95 °C 35 ®cC

Annealing 56 °C 40 C 30 cycles
Extension 72 °C 1.5 mn

Final extension 72 °C 5 min

Hold 4°C b

Samples were subsequently run on a 1% agarose gel with -Lpg IREB ladder as standard

at 90V for 1 hour and subsequently imaged (see segtiod).

3.2.5 Injecting DJ1 KO zebrafish eggs with the pBSceltGFAP:eGFP2A-
Flag-zDJ1ci06a plasmid forlSceltbased transgenesis to produce the new mutant
line

DJ1 KO fish (park7") (REF-manuscript) were set up as described in sectib® 30 obtain

eggs. An injection mix was prepared from 100 ng of p8&FGFAP:eGFR2A-FlagzDJ

1ciosa plasmid, IXNEBuff e r -Bcelll pL I-Scel and 1 pL injection buffer to a final volume

of 10 pL and loaded into a glass capillary microinjection needle that was then mounted on a
Picospritzer IltIntracellular microinjection dispense system. Fertilized eggs were colleaded a
immobilized in the grooves of an injection gel, and immediately injected directly into the
cytoplasm at the-tell stage with ca. 1.8 nL of the injection mix. Successfully injected eggs

were incubated in E3 Blank at 28 °C until screening.

3.2.6 Screenig injected embryos for eGFP expression
Following injection, the larvae were screeneddohanced green fluorescent proteGEP

expression at 2dpf using a Lumar Zeizz fluorescence microscope. Larvae displaying clear
fluorescence in the head, eyes anohglthe spine were counted as positive, while larvae
displaying no fluorescence, only vague fluorescence in the yolk sac or throughout the body, or
single patches of fluorescence were counted as negative. Both mosaic and uniform expression

larvae were conibed and grown to adulthood to produce the FO generation.
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3.2.7 Screening the adult FO UiB2003 fish by mating with Spotty WT and

continuing the line
At 3-4 months old the adult FO fish were screened by individually mating each fish with Spotty

WT fish ard subsequently screening the progeny for fluorescence as described in the previous
section. Adult fish producing 180% positive embryos were combined as the UiB2003 FO
generation. The UiB2003 FO fish were then outcrossed with UiBZpatk7’) fish, the
progeny was screened for fluorescence and positive larvae grown to adulthood. Adult F1 fish
were again screened by Spotty Wikting as previously described. The resulting heterozygous
UiB2003 F1 fish were incrossed to yield F2 offspring which were screfengubsitives at 1

dpf or 2 dpf and used for rotenone experiments or for continuing the line.

3.3 Characterizing the UiB2003 zebrafish line

3.3.1 Effect of rotenonénduced oxidative stress

At 2 dpf, embryos were manually dechorinated using syringdesadd treated at 48 hpf with

either 30 nM rotenone at.4 110%% (v/v) DMSO as control. For a single desssponse
experiment, groups were treated with 20 nM, 30 nM, 40 nM rotenone or DMSO control. After
24 hours of exposure, the survival and number of larvae afflicted by pericardial and yolk sac
edema were detetined. Heart rates were measured using a mechanical counter by counting the
heart beats over 15 sec for 8 larvae per treatment group. Larvae were imaged at this point using
a LEICA M420 Macroscope or harvested for whole larvae protein lysates.

3.3.2 Prepaation of zebrafish whole larvae protein lysates by sonication
Larvae were resuspended in 150 pL homogenization buffer and sonicated on ice at 30%

amplitude, pulse at 1 sec on/1 sec off, for an effective sonication time of 4x5 sec using a
VibraCell VCX130,130 W ultrasonic processor with a 2 mm sonication probe. Samples were
incubated on ice for 15 min, subsequently centrifuged at 16000x g, 4 °C for 10 min, and the
supernatant then collected as the final protein lysate. The protein concentration was eétermin

using the NanodropNDR O OO E according to the manufacture

3.3.3 Sodium dodecyl sulphate polyacrylamide gel electrophoresis-EAIEE)
To separate proteins from zebrafish whole larvae lysates, samples were prepared with 40 pg

protein, 1x SDSsample buffer and MilQ to a final volume of 20 uL. The samples were
incubated at 95 °C for 5 min and loaded onto either a premade gel or homemade gel. Premade
NuPAGE® 4-12% BisTris gels were used to obtain good separation of high kDa target proteins
ard the gels run in system? At 150V for 1 hour followed by running at 180V.
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If homemade gels were used these were prepared as 1 mm thick 10% polyacrylamide running
gels using 375 mM Tri$iCl (pH 8.8), 0.1% SDS, 10% acrylamide, 0.05% (w/v) APS, 0.08%
(v/v) TEMED and Milli-Q to a final volume of 6 mL. The gel was immediately casted in the
Hoefer SE 260 systenand isopropanol layered on top to smooth out the gel border. A 4%
stacking gel solution was prepared using 125 mM-H@ (pH 6.8), 0.1% SDS, 4%
acrylamde, 0.1% (w/v) APS, 0.16% (v/v) TEMED and MilD to a final volume of 3 mL, and
immediately casted onto the solidified running gel after removing the isopropanol. Samples
were prepared as described above and run on homemade geldHioefeeSE 260 sysm

using 1x Running Buffer and run at 20 mA with runtime depending on the kDa of the proteins

to be visualised.

3.3.4 Western blotting
A PVDF blotting membrane was primed briefly in methanol, rinsed in deionised water and then

kept submerged in blottingufer until use. NUPAGE® Transfer Buffer was used for premade
gels and homemade blotting buffer for homemade gels. Blotting was run at 14V, 4°C O/N in a

XCel | |l 1E Bl ot Module using the aforementi on

Following blotting, membranes were incubateithwonceau S for 5 min, rinsed in deionized

water and subsequently imagedusinpe Chemi Doc E XRSMembranesgtd ng Sy
be probed with aniDJ-1 werethenincubated in 2)blocking solution while membranes to be

probed with antiNOS or antiTH were incubated in 1x blocking solution. Membranes were
subsequently incubated with primary antibody; @n#1 in 1% blocking solution for 1 hr at

RT, antiiNOS or antiTH in 0.5% blocking solution at 4 °C O/N. Membranes were then washed

4 x 5 min inPBS-T and incubated with secondary antibody, aatibit for D31 and antimouse

for INOS or TH, for 1 hr at RT in 0.5% blocking solution. Membranes were again washed 4 x

5 min in PBST. Imaging was done usitgh e Ch e mi Doc E XR Safterdoatimggi ng ¢
the membranes in freshly mixeu per Si gnal E West Pico PLUS Che

3.3.5 Complex | inrgel activity assay
Brain and muscle samples were harvested from male adult TAB and UiB2003 F1 fish (see

section 3L.5). Muscle samples were collected fraimgle fish while three brains were
combined for each brain sample. 150 ¢gdmplex | lomogenization buffer was added to each
sample and the samples homogenized by 80x punches wittpp@ndorfpellet pestle.
Additional 150 pLcomplex Ihomogenization buffewereadded and the samples centrifuged

at 600x g for 10 min at 4 °C. The supernatant was collected as total lysate and subsequently

centrifuged at 7000x g for 10 min at 4 °C. The supernatant was discarded, and the pellet
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resuspended in 150 pL homogeriiaa buffer before centrifuged at 7000x g for 10 min at 4

°C. The supernatant was again discarded, and the pellet resuspended in 30 pL homogenization
buffer to obtain the mitochondrial fraction lysate. The protein concentration was determined
using the Naadrop ND1 0 0 0 E

Lysate samples were prepangging21 pg protein, IxNativePAGE Sample Buffeand0.2%

Digitonin and subsequently incubated on ice for 20 min followed by centrifugation0&80X5

g for 15 min at 4 °C. The supernatant was collected, ad®0@250 Sample Additive added

fora final sample volume of 25 OL.-17%BsTrisampl es
Protein Gel in an XCel | wifhdxNetivePAGE RunBing®ufferr o p h o
on ice for 30 min at 150V followed by 60 min280V. NativeMark Unstained Protein Standard

was used as standard.

FreshComplex | substrate solution waseparedand the gel incubated in this solution for
approx. 15 min until bands were visiblEhe reaction was stopped with 10% acetic arid

theg¢ i maged using the Chemi DocE XRS+ | maging

3.4 Generating fusion constructs foetérmination of ultrastructural localization

of DJ1 using APEX2.

3.4.1 Generating hBdwr and hDJ1c;06ainserts for APEX2 plasmid

In order toprepareghe hDJ 1wt andhDJ1c106a ORFs forinserion into the pcDNA3 APEX?2

NES plasmid the desired modifications to the sequences were generated via PCR. Samples were
prepared with 1x PfuUltra Il reaction buffer, 0.25 mM dNTPs, 100 ng of the respective template
plasmids harboimg hDJlwr and hDJlcioen, 0.4 pM of the forward primer
HO02_hDJ1 Bspl120l_F and 0.4 uM of the reverse primer HO3_ hDJ1 Bsp120Il_R (see section
2.2) and 1 pL of PfuUltra 1l Fusion HotStart DNA Polymerase to a final volume of 25 pL. The
reaction was run on@ANAEngine PTG200 rev thermal cycler using the following program:

Step Temp Time
Initial denaturation 95 °C 2 min

Denaturation 95 °C 20 £C

Annealing 60 °C 20 £c 30 cycles
Extension 72 °C 15 =c

Final extension 72 °C 3 mn

Hold 4°C b
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Samples were subsequently analysed by agarose gel electrophoresis to verify the amplification
of the desired fragment. A Nan&20-stained 1% agarose gel was used with 10 pL Quick
Load® Purple 2.og DNA Ladder as standard and electrophoresisatutDOV for 1.5 hours

(see sectior8.1.4. An identical PCR was run, and the resulting samples purified using the

QIAquick® PCR Purification Kit (Qiagen) according to the manufacturers protocol.

3.4.2 Introducing hDdlyr and hDJ1cipsato the pcDNA3 APEX2NES plasmid

by restriction digestion and subsequent DNA ligation
Digestion reactions were prepared for each of the-hiaJand hDJlciosa purified PCR

products using 1 ug PCR product, 10 mM €l buffer (pH 7.55 at 37 °C), 10 mM Mg£;|

0.1 mg/mL BSA ad 10 U Bsp120I to a final volume of 50 yL. Digestions were incubated at

37 °C for 16 hours and then heat inactivated at 80 °C for 20 min. The digested samples were
then run on a 1 % agarose gel at 90V for 50 min (see s&fieh and the digested fragmisn
excised from the gel and purified using the QlAquick Gel Extraction Kit (Qiagen) according to

the manufacturers protocol.

A second digestion mix was prepared with 1x CutSHiawffer, 1 pug of pcDNA APEX2NES
plasmid and 10 U NotHF to a final volume 050 pL. This reaction was incubated for 15 min
at 37 °C and then heat inactivated at 65 °C for 20 min. 2.5 U of rSAP was then added to the

sample and incubated at 37 °C for 30 minutes before heat inactivation at 65 °C for 5 min.

The Bspl20digested hDdwr and hDJlcioea inserts were introduced to the Nalibested
and dephosphorylated pcDNA3 APESXEES plasmid using T4 ligation (se secti®d.l) with

an insert to vector molar ratio of 1:6.

The ligation mix was used to transfect DH5U

and following miniprep done as previously described (see setlod.

3.4.3 Screening minipreps for plasmids with correct insertion by restriction
analysis
Each of the pcDNA3 DJIWT-APEX2-NES and pcDNA3 DA C106AAPEX2-NES plasmid

mini preps were analysed by restriction digestion using N&khples were prepared with 1x
CutSmar® Buffer, 508600 ng of plasmid and 5 units of Ndel to a final volume of 25 pL and
subsequently incubated at 37°C for 40 min.

The digested samples were loaded onto a 1% agarose gel and run at 90V for approx. 2.5 hour
and imaged as described in sectioh.4 15 pL QuickLoad® Purple 2Log DNA Ladder was

used as standard.

43



3.4.4 Verificaion of the pcDNA3 Ddly-APEX2-NES and pcDNA3 Ddciosa

APEX2-NES fusion constructs by DNA sequencing
In order to verify the successful introduction of the Hind/c106a genes as well as the correct

orientation of the genes in the pcDNA3 APENXES plasmidvector, all plasmids screened
positive or ambiguous via restriction analysis were sequenced as described in sé@&ion 3.
using the forward sequencing primer HO4_EAREX2 F and the reverse primer HO5_BJ1
APEX2_R (see table 2.2).

3.5 Ultrastructural analys of DJ1,: and DJ1ci06a Cellular localization

3.5.1 Seeding

One day prior to transfection a-200% confluent 10 cm dish of SEIY5Y cells was removed

from the incubator and the medium gently removed by aspiration. The cells were rinsed with
1x PBS and # Trypsin solution added dropwise directly onto the cell layer and the cells
incubated for approx. 2 min in a 37°C, 5% Q@&ubator until detaching. The trypsination was
stopped by adding fresh DMEM complete at 10 times the volume of the 1x Trypsimsoluti
and the cell suspension was collected. The cells were pelleted by centrifugation af fb80 x

5 min, the medium discarded, and the pellet resuspended in 6 mL DMEM complete. To obtain
70-80 % confluence in each well of angll plate on the followingaly, 606700 uL of this cell
suspension was added to 1.5 mL DMEM complete per well. The appropriate cell suspension
volume for seeding was determined empirically for each cell batch prior to running the

experiment.

3.5.2 Transfection
24 h after seedinghe cells were ctransfected with 2 pg of pcDNA3 hBllyT-APEX2-NES

or pcDNA3 hDJ1c10eA-APEX2-NES and 2 pg of DsRed#lito-7 using Lipofectamine 1000
following the manufacturers protocol. The DMEM complete was replaced with antifsegic
serumfree DMEM prior to adding the transfection complexes and the cells were incubated in
this transfection medium for 6 h at 37 °C and 5 %, ®€fore replacing the medium with
DMEM complete and continuing the incubation O/N. A #icansfected control was prepared

accordngly.

3.5.3 Rotenone treatment
24 h after transfection the transfection medium was replaced with DMEM complete medium
containing 250 nM rotenone and 0.0011% (v/v) DMSO or 0.0011% (v/v) DMSO only. Cells

were exposed to the respective treatments for 24 h.
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3.5.4 Fixation and diaminobenzidirstaining
The cells were removed from the incubator and the cell medium replaced with 800 pL of 37 °C

prewarmed 2 % glutaraldehyde solution. The glutaraldehyde solution was immediately replaced
with 1.2 mL fresh 2 % glutatdehyde solution and the cells placed on ice. All following steps
were performed on ice. After 60 min of fixation, the glutaraldehyde solutiomesasved and

the cells were washed 5 x 2 min with 2 mL of 1x cacodylate buffer. The buffer was then replaced
with 2 mL of the 20 nM glycine quenching solution and the cells incubated on ice for 5 min
and again washed 5 x 2 min with 2 mL of 1x cacodylate buffer. The washing buffer was
removed and replaced with 3 mL of 1x DAB solution (10 mbDE) and the cells icubated

for ca. 10 min until the DAB reaction product could be visualized by light microscopy. Cells
were washed 5 x 2 min with 2 mL of 1x cacodylate buffer and subsequently imaged using a

light microscope.

3.5.5 Transmission electron microscopy
To preparghe DAB stained cells for transmission electron microscoplis were post fixed

with 1% osmium tetraoxide in 0.1 M sodium cacodylate buffer for 1 hour. Following post fix
cells were rinsed twice with 0.1 M sodium cacodylate buffer. The cells were ¢hgdrdted

by incubation in increasing concentrations of ethanol; 20 min in 35% ethanol, 20 min in 50%
ethanol, 20 min in 70% ethanol, 20 min in 96% ethanol and finally 3 x 20 min in 100% ethanol.
All steps up until dehydration with 70% ethanol were done&enThe cells were then set in a

1:1 mix of Agar 100 Resin and ethanol for 1 hour at 37 °C. The liquid was removed and
immediately replaced with a thin layer of 10@®gar 100 FResinand the samples incubated at
37°C O/IN. Gelatine capsules were then preas® the cell layer and the samples incubated at
60°C O/N. The capsules were filled with resin and left to polymerise at 60°C for 2 days. The
capsules were broken off the wells of thevéll cell plate and the cell monolayer cut into 60
nm thin sectionsising a Reichert Ultracut S Ultramicrotome. The sections were subsequently
stained20 minwith 2% uranylcetat and rinsed in MitQ. Leadcitrate staining solution was
prepared as described by ReyndBsynolds, 1963and sections stained for 10 mkinally,
imaging was done using a JEM230 Transmission Electron Microscope with an integrate
GATAN multi scan camera.
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4 Results

4.1.1 Verification of sitedirected mutagenesis
In order to create a plasmid vector g@nerating zebrafish with astroglial oxetpression of

mutant (C106A) D, a Cys106 to Alal06 mutation was introduced to thd @RF of the
pBsIScetgfap:eGFP2A-FlagzDJ1 plasmid by sitalirected mutagenesis (Fig.1). The
plasmid contains regulatory components of the glial fibrillary acidic protein (GFAP) promotor
which gives an astrogliapecific expression patter(frroyset et al., 2018, Bernardos and
Raymond, 2006)

300 320 340
| | |

- AGGAAGGGTCTGATCGCTGCAATCTGTIGCAGGCCCGACGGCACTGTTGGCT

R A A

- AGGAAGGGTCTGATCGCTGCAATCGCTGCAGGCCCGACGGCACTGTTGGCT

R K G L | A A | A A G P T A L L A
e LU WY AV ZMW\AMA{\/\/\NMM

Fig. 4.1 Sequencing alignment of zDJdwr and zDJ}1cio0ea. The introduction of a C106/
mutation to the DA ORF of the pB3Scelgfap:eGFR2A-FlagzDJ 1wt plasmid by die-
directed mutagenesis was verified by DNA sequencing. The site of the mutation is ini

ZDJ—1WT

by an orange box with the wild type variant TGT (Cys) shown in the upper sequence

mutated variant GCT (Ala) shown in the lower sequence.

4.12 Generaton of zebrafish with astroglial ovexpression of Ddcioea
In order to validate successful incorporation of gfap:e@BH-lagzDJ1c106a into the DJ1

knockout line Edson et al., 20)9arvae were screened for expression of the reporter protein
eGFP Due to the viral 2A segment between eGFP anddska, the two proteins are expressed
in equimolar amounts as two separate proteins. Thus, fluorescalit@ted expression of

eGFP is assumed to correspond to the expression patterrlefdon

Due to he possibility that FO fish screened positive at the larval stage are not able to transfer
the transgene to theaffspring either as a result of mosaicism or temporary expression of
plasmids not incorporated in the genome at the time of screening, dlieFadfish were
screened by Spotty WT mating (Fy2). The proportion of eGFPositive embryos produced

by each outcrossed fish varied greatly, with the majority of fish producing no positive offspring
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or very low levels of positive offspring {8%), indicating mosaic expression of the transgene.
Only a single male FO fish produced the 50% postiffepringexpected of mendelian single
gene inheritance from a heterozygous individual. At the F1 generation, however, all screened
park7", Tg@fap:egfp2A-flag-zDJ 1c106d (UiB2003) fish were positive and displaying the

expected mendelian inheritance.

UiB2003 F1 (1 dpf) UiB2003 F1 (2 dpf)

- 3

—
- “_.s_-s_._.(-__, -

A *

WHITE LIGHT

FLUORESCENCE

Fig. 4.2 Astroglial eGFP expression in park7’,Tg(gfap:egfp2A-flag-zDJ1c106s)

(UiB2003) larvae.UiB2003 F1 embryos at 1 dpf (A and C) and 2 dpf (B anddparing
eGFRpositive and negative embryos. The same embryos are imaged \BithwAite light
and CD: fluorescence images ofdpf (A and C) and 2 dpf (B and D) embryos. Panels sh
both eGFP positive and negatigenbryos. The2 dpf embryos were dectinated prior to
imaging. As seen in panet, eGFP expression is found in the head region and spinal

of positive embryo from 1 dpf. At 2 dpf eGFP is also visible in the retina (D).
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4.13 Verification of Flagtagged Ddlc106a €XpPression
Astroglial DJ-1c106a €xpression in the DI wild type null background was verified at the

protein level by Western blotting (Fig.3. The endogenous Ellprotein has an expected size
of approx. 20 kDa, while the size of Fltagged D4l is approx. 22 kDa. Figure3 shows that
UiB2003 expresses FlagJ-1 with no endogenous BlJ background. The figure also shows
endogenous D1 and FlagDJ1 expression in lysates frog(gfap:eGFP2A-Flag-zDJ1)
(UiB1001) and DJ1 KO (park7’) (UiB2000) for comparison.

UiB2003 hada higher expression of Flaggged zDdlciosa cOmpared to the Flaggged zDJ
1wt in the UiB1001 larvae. Flatagged zDdlwr level in isolated astroglial cells from UiB1001
has previously been shown to be approxtidf@s higher than the endogenous-Dlevel
(Froyset et al., 2018). Thus, it appears that the astroglialzigshlevel in the UiB2003 larvae
far exceeds the endogenous Dih astroglial cells.

N %) e}
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N QD .Q)q/ N
kDa S S 9
A
30—
25 =
—_— —> Flag-tagged DJ-1
- —> Endogenous DJ-1
15 =i
10 = anti-DJ-1
B 30—
25 =
15 =
10 = PonceauS

Figure 4.3 DJ-1 expression in transgenic larvae

A: Lysates from 3 dpf larvae were separate@bByPAGE and analysed by Western blotti
using a DJL antibody which detects both endogenous and-falgged DJl. Expression o
Flagtagged Ddlcioea (approx. 22 kDa), but not endogenous Ddapprox. 20 kDa), wa
observed in the UiB2003 larvae. The agtial DJ1 overexpression line UiB1001 was us
as areference as it possesses both the endogendwmidihe Flagagged DdL. B: Ponceau
S staining of the membrane. Ponceaw& used as a loading control.

48



4.2 Sensitivity of transgenic lines to dative stress

4.2.10xidative stress induced changes in gross anatomy and heart rate

To test if the established transgenic lines hadifferenttolerance for oxidative stress we
exposed larvae to the mitochondrial complex | inhibitor rotenone for 24drteg at 2 dpf.
Larvae from WT, DL KO (park7") (UiB2000), UiB2001(park7’, Tg(gfap:egfp2A-flag-zDJ

1)) andUiB2003 (park7”, Tg@@fap:egfp2A-flag-zDJ 1c1064) that were exposed to rotenone all
exhibited pericardial (P.E.) and yolk sac edema (Yakd pronounced development defects as
e.g. bent spines (Fig.4). These phenotypes were not observed in unexposed larvad.@-ig
A, C,E, and G).

Rotenone also affected survival rates of the embryos (FQ&w). Interestingly, only larvae
with astralial DJ-1wr or mutant DJ1 showed a significant decrease in survival rate, whereas
DJ-1 knockout larvae did not. Additionally, both these two lines showed more pronounced

rotenone induced edema compared tellkhockout larvae (Figurd.5B).
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30 nM rotenone

C: DJ-1 KO

G: UiB2003 H: UiB2003

Fig. 4.4 Phenotypic defects of rotenone exposur®echorinatedVT, DJ}1 KO (park7")

(UiB2000), UiB2001 (park7",Tg@fap:egfp2A-flag-zDJ1)) and UiB2003 (park7”

, To@fap:egfp2A-flag-zDJ 1c106n) larvae were treated with 30 nM rotenone (B, D, F anc
or DMSO control (A, C, E and G) at 2 dgfarvae were imaged 24 h afexposureDefects
such as pericardial (P.E.) and yolk sac edema (Y.E.), and a bent spine were found w
rotenonetreated groups. Examples of these defects are indicated in panelaBolns.
DMSO-treated control groups did not display rotenamgiuced phenotype#\ scalebar (0.t
mm) is indicated in each panel.
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Rotenone decreased the heart rate of the exposed larvae from both wild type and transgenic
animals (Figurel.5C). This effet was less pronounced in dknockout larvae compared to
wild type and larvae selectively expressingDDdr mutant D<L in astroglia (Figurd.5C).
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Fig. 4.5 Exposure to rotenone at the embryonic stage is detrimental to larve
development and suvival, with severity dependant on DJ1 expression Dechorinated
WT, DJ}1 KO (park7”) (UiB2000), UiB2001 (park7”, Tg@fap:egfp2A-flag-zDJ1)) and
UiB2003 (park7", Tg(gfap:egfp2A-flag-zDJ1ci06d) larvae were treated with 30 nl
rotenone or DMSO controat 2 dpf. After 24 h of exposurbeart rate (bpm)A),

developmental defects in the form of pericardial and yolk sac e@@mand survivalC)

was determined. Data on survival and edema is presented as mean pergcerztader
UiB2001 and rotenontreged UiB2003, andmean percentagén=3) + SEM for the
remaining groups, with databtainedfrom individual experiments with 180 larvae pel
treatment groupHeart rate data is presented as mean bpm (8416 SEM from the sam

experiments. P values watetermined by twaailedt-Test with p<0.05 (*), p<0.01 (**) ant
p<0.001 (***).
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4.2.3 Effect of oxidative stress on protein expression in transgenic lines
Following the determination of heart rate, survival gnaks anatomy after rotenone exposure

the survivinglarvae were harvested and whole larvae lysates prepared and analysed by Western
blotting (Fig. 4.6). The expression of tyrosine hydroxylase (TH), a marker protein of
dopaminergic neuronal health, and inducible nitric oxide (iNOS), a markentfacellular
oxidative stress, areexamined, quantified and normalised to the overall loaded protein amount
using Ponceau S bands. The nitric oxide synthase antibody used detects three different isoforms
of NOS nNOS, eNOS and iNQ®nly the inducible fan, INOS, is addressed in this study
(indicated by asteriskFigure4.6 panel Aand Bshows representative blots of rotenone effect

on TH and NOS expressiorespectivelywhile panel C and D show the corresponding
guantitation of Western blots probéat these proteinsAs seen irFig. 4.6 panel C, the WT

larvae showed a markedly lower TH level in rotentneated larvae compared to controls
(p<0.01) while the same effect could not be seen fel BID, UiB2001 or UiB2003 larvae.
DMSO-treated UiB2003 larvadowever, showed significantly lower (p<0.05) TH levels
compared tdMSO-treated WT larvadn the case of INOS expression (panel D), an elevated
level was observed in rotenottieated DJL KO larvae compared to the treated WT larvae
(p<0.05). Rotenontreaed UiB2003 larvae on the other hand had a significantly lower iINOS
level than theotenonetreated DJlL KO (p<0.05).
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Fig. 4.6 Effect of rotenone exposure on tyrosine hydroxylase and inducible nitric oxid
synthase WT, DJ1 KO (park7’) (UiB2000), UiB2001(park7", Tg@fap:egfp2A-flag-zDJ

1)) andUiB2003 (park7’, Tg(gfap:egfp2A-flag-zDJ 1c1064) larvae were exposed to 30 n
rotenone or vehicle from 2 to 3 dpf. Protein lysates from whole larvae were separe
SDSPAGE and analysed by Western hlogtusing antibodies towards tyrosine hydroxyl
(TH) and nitric oxide synthetase (NOS). The latter detects nNOS, eNOS, and iNOS (in
by asterisk). Panel A and B show representative blots of TH andré&p8at/ely, in which
PonceatS is used as laing control. Panel C and D shayuantitation ofWestern blots
probed with anttyrosine hydroxylase (C) and amitric oxide synthase (D)n which

Porceau Sstaining was used as a loading contita are thenean(n=2) for UiB2001 anc
rotenonetreated UiB2003, and mean (n=3) + SEM for the remaining grqups three
individual experiments with 30 larvae per treatment group.values were determined |
two-tailedt-Test with p<0.05 (*) and p<0.01 (**).
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