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Abstract

Parkinson’s disease (PD) is the second most common neurodegenerative disease, and is
associated with the degeneration of dopaminergic neurons in the substantia nigra (SN). One
of the most common genes causing early-onset PD is the mitochondrial serine/threonine
kinase PINK1 (PTEN-induced putative kinase 1). Neurotransmitter receptors, which are crucial
for cell-to-cell communication in the brain, were shown to be altered in several
neurodegenerative and psychiatric diseases and have been successful targets for therapeutic
intervention. Because the effects of Pink1-associated gene mutations on neurotransmitter
receptor expression are still largely unknown, the present study focused on Pink1 knockout
(Pink17") mice, a valuable mouse model for the prodromal phase of early-onset PD. Although
previous approaches have focused mainly on the dopaminergic system, there is also evidence
of non-dopaminergic receptor alterations in PD. We hypothesized that alterations in
neurotransmitter receptors, including non-dopaminergic receptors, are already present in the
prodromal phase of PD. Therefore, the present study aimed to investigate the density and
regional distribution of functionally highly important dopaminergic and non-dopaminergic
neurotransmitter receptors in the brains of Pink17- mice. Thereby, we focused on the motor
and limbic systems to identify and discuss possible correlations between receptor alterations
and functional or pathological changes. Quantitative in vitro receptor autoradiography of 19
receptor types of seven neurotransmitter systems was performed in 3-month-old Pink1”/- and
age-matched control mice, followed by densitometric analysis of receptor densities in
cytoarchitectonically-identified brain areas linked to the motor and limbic systems.
Histological staining techniques were performed to facilitate the identification of brain areas.
Immunohistochemistry experiments were performed to qualitatively analyze dopaminergic
and GABAergic neurons as well as astrocytic glutamate recycling. We demonstrated several
alterations in receptor densities between Pink17- and control mice. For instance, in the SN of
Pink17- mice, decreased kainate receptor densities were in contrast to increased mGluys
receptor densities, which may be a compensatory mechanism to attenuate
neurodegeneration. Whereas AMPA receptor densities were lower in the hippocampal CA1
region of Pink1”/- mice than in controls, GABAa receptor densities were higher, indicating an
imbalance in the glutamatergic and GABAergic systems, which may also be related to cognitive
impairments. The regional distribution in most neurotransmitter receptors examined was
altered between the two groups. There was no evidence of changes in dopaminergic neurons
between the two groups, but dopaminergic fibers tended to be thicker and were less dense in
control than in Pink17- mice. Taken together, the observed neurotransmitter receptor
alterations may be related to functional and pathological changes in Pink1”- mice. In addition,
novel data were presented highlighting the possible involvement of non-dopaminergic
receptors in the functional and pathological changes in the prodromal phase of PD.
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1. Introduction
1.1. Parkinson’s disease

In 1817, James Parkinson was the first to describe Parkinson's disease (PD) in "An Essay on the
Shaking Palsy”, which was known as shaking palsy until 1872. PD is the most common
neurodegenerative motor disease and the second most common neurodegenerative disease
after Alzheimer’s disease (AD). It affects more than 10 million people worldwide, of whom
about 5 to 10% suffer from a monogenic form with Mendelian inheritance (1). Although not
only aging but also environmental and genetic factors can influence the etiology of this
multifactorial disease, the prevalence is approximately 1% for those over 60 years of age and
4% for those over 85 years of age (1). Patients with disease onset between the ages of 20 and
50 are classified as “early-onset”, whereas patients with onset after the age of 50 are classified
as “late-onset”. Nevertheless, the cardinal motor symptoms of bradykinesia (slowness of
movement), rigidity (stiffness), postural instability, resting tremor, as well as non-motor
symptoms such as olfactory dysfunction are present in both onset subtypes (2). Motor-related
symptoms are associated with severe degeneration of dopaminergic neurons in the substantia
nigra (SN) of the mesencephalon, the neuropathological hallmark of PD (3). The SN belongs to
the basal ganglia circuit that supplies the striatum with dopamine and plays a key role in
modulating voluntary motor movements (4), thus dopamine levels in the striatum decrease
upon the neurodegeneration (3). Moreover, due to the neurodegeneration, the activity of
glutamate in the subthalamic nucleus increases, which exacerbates motor symptoms of PD

(5).

Currently, it is assumed that PD develops in three stages (6). During the preclinical phase, no
symptoms or signs of PD are recognized, although there is an onset of neurodegeneration. In
the prodromal phase, patients show early motor and non-motor signs, such as gait and
balance alterations (7), olfactory dysfunctions (8, 9), constipation, sleep disturbances, and
depression (10), but these still do not meet the diagnostic criteria for PD. Finally, the diagnostic
criteria in the clinical phase are reached when cardinal motor symptoms can be diagnosed
according to the International Parkinson and Movement Disorder Society (MDS-PD) criteria.
More specifically, the criteria are met when bradykinesia can be diagnosed in addition to
resting tremor and/or rigidity. However, these symptoms are not clinically recognized until at
least 60% of the dopaminergic neurons in the SN have degenerated (11), indicating a long
prodromal (or presymptomatic) phase (12).

Neurotransmitters and their receptors are crucial for cell-to-cell communication and are
known to be altered in various neurological and psychiatric diseases and their corresponding
animal models (13, 14). As they are pharmacologically well accessible, they have proven to be
successful targets for therapeutic applications. For instance, to compensate pharmacologically
for the decrease in dopaminergic neurotransmission, levodopa (or L-DOPA), a precursor of the
neurotransmitters dopamine, adrenaline (epinephrine), and noradrenaline (norepinephrine),
is the most effective treatment for PD, particularly improving patients” motor symptoms (3,



15). However, the treatment does not stop the dopaminergic degeneration (2), its long-term
use is associated with motor complications that can lead to involuntary movements known as
L-DOPA induced dyskinesia (15, 16), and it is ineffective in treating non-motor symptoms (3).
Non-motor symptoms, i.e. psychiatric disorders, fatigue, cognitive impairments, sleep
deprivation, and olfactory dysfunctions, affect all Parkinson’s patients, may contribute to
severe disability, and increase as the disease progresses (6). For instance, late-stage PD
patients suffer from about six to ten different non-motor symptoms (3), which represents an
enormous burden for the patient and underlines the urgent need for clinical resources. Thus,
to enhance the patient’s quality of life, the management of PD has to be optimized to include
both dopaminergic replacement therapy and treatment of non-motor symptoms. The latter
could encompass both pharmacological and physical intervention, but also nutritional
counseling, speech therapy, and psychotherapy for both the patient and closest relatives
and/or carer (16). However, to find new promising treatment targets for PD, the crucial
molecular mechanisms need to be understood.

1.2. PINK1 Parkinsonism

Approximately 15% of PD patients have a known family history of PD, and about 5 to 10%
suffer from a monogenic form (1). The most common autosomal-recessive mutations that
cause familial PD in descending order of frequency are parkin RBR E3 ubiquitin protein ligase
(PRKN), phosphatase and tensin homolog (PTEN)-induced putative kinase 1 (PINK1), and
Parkinsonism associated deglycase (PARK7) (17).

PINK1 is a mitochondrial serine/threonine kinase that plays a key role in at least three different
processes that ensure mitochondrial health (18). First, it is involved in the modulation of the
electron transport chain and thus in ATP production, as shown in a study in which complex |
deficiency was rescued by wild type PINK1 but not by PINK1 with clinical mutations (19).
Secondly, PINK1 regulates mitochondrial morphology and dynamics by affecting the fission
and fusion process, as it has been shown that overexpression of PINKI promotes fission,
whereas inhibition of PINK1 causes exorbitant fusion (20). Finally, PINK1 accumulates on
damaged mitochondria and recruits Parkin to induce mitophagy and thus mitochondrial
degradation (21), which is essential for neuroprotection against oxidative stress (22). In
contrast, mutations in PINK1 have been shown to impair mitophagy, leading to the
accumulation of damaged mitochondria and Ca?*, which in turn results in reactive oxygen
species production and apoptosis (23). These and other observations led to the suggestion
that mitochondrial dysfunction contributes to neurodegeneration in PD (19, 21) and that
dopaminergic neurons in the SN, in particular, are susceptible to imbalances in the
mitochondrial dysfunction. Since PINK1 is widely expressed in the brain, other non-
dopaminergic systems are also considered to be involved in PD progression.

To date, 23 loci (PARK1-PARK23) and 19 genes (including ten autosomal dominant and nine
autosomal recessive genes) have been identified for both early and late-onset PD (1). The
autosomal-recessive mutations corresponding to the PARK6 locus, chromosome 1p35-p36,



and includes the PINK1 gene (Pink1 in mus musculus). The PINK1 gene consists of eight exons
encoding 581 amino acid proteins and was first found in a large Sicilian family with early-onset
levodopa-responsive Parkinsonism (24). PINK1-related PD is characterized by an early onset
of disease with slow disease progression, high responsiveness to levodopa treatment, and
frequent psychiatric issues (24, 25). So far, there is no evidence for an accumulation of Lewy
bodies. Hyposmia, or olfactory dysfunction, and thus the impairment of the identification and
discrimination of odors is a common feature in patients with homozygous PINK1 Parkinsonism
and healthy individuals with heterozygous PINK1 mutations (25). Interestingly, alterations in
odor detection and distinction, but not in odor identification, were also observed in
asymptomatic heterogeneous carriers, which the authors suggested as a possible underlying
preclinical neurodegeneration (25).

1.3.  Pink1 knock-out mice

In the present study, we investigated the molecular changes in PINK1 Parkinsonism by using
homozygous Pink1 knockout (Pink1~/") mice. For this purpose, Pink1™~ mice were generated
by our cooperation partner at the ‘Institute of Developmental Genetics’ of the ‘Helmholtz
Zentrum Miinchen’ to analyze the underlying mechanisms of the disease development (26).
The phenotype of these Pink17~ mice showed that, although they did not show morphological
changes in the dopaminergic system and thus no major motor dysfunctions, they developed
visible gait alterations and olfactory dysfunctions (26). Since those are already present in the
prodromal phase of PD, the Pink1~ mice provide a valuable model for this early phase, in
which compensatory mechanisms, such as synaptic adaptions (27), may still hinder the onset
of neurodegeneration.

Concerning gait alterations, it was demonstrated that the base of support (BOS), i.e. the
average distance between the centers of mass of the footprints at maximal contact, was
significantly decreased in the hind paws of Pink1”/~ mice (26). This was consistent with the
narrowing BOS reported in PD patients (28). Moreover, Pink1”~ mice showed both reduced
hind paw print lengths and stand duration (26), which is in line with the shortened and
shuffling steps of PD patients. Finally, Pink1~”/~ mice showed altered levels of phase dispersion
(26), which measures inter-limb coordination, that correspond well with the limping and
decreased arm and leg swing during walking observed in the early stages of PD patients.
Interestingly, these mild gait changes in early PD patients are not improved by L-DOPA
treatment, suggesting that a neurotransmitter other than the dopaminergic system is
responsible for these symptoms.

In terms of olfactory dysfunctions, Pink1”~ mice showed reduced olfactory discrimination and
sensitivity between different odors (26), two crucial non-motor symptoms seen in PD patients
(8). These alterations were shown to be independent of the memory function of Pink1/~ mice,
coinciding with human PD studies, in which olfactory alterations were independent of
cognitive, perceptual-motor manifestations, and memory manifestations (29).



1.4. Neurotransmitter receptors and quantitative receptor autoradiography
1.4.1. Neurotransmitters and receptors

Neurons can communicate with each other by releasing individual neurotransmitters, a
process called synaptic transmission or neurotransmission. The neurotransmitters are
synthesized by the neuron (e.g. from amino acid precursors) and are released from the
synaptic vesicles of chemical synapses from the presynaptic neuron into the synaptic cleft
upon activation (Fig. 1). There, they are received by their respective neurotransmitter
receptor on the membrane of the postsynaptic neuron, causing either excitatory or inhibitory
transmission, and thus a transient depolarization or hyperpolarization of the membrane
potential, respectively. While depolarization results in a less negative or more positive charge
compared to the resting potential within the neuron, hyperpolarization results in a more
negative charge.

Presynaptic neuron

> Postsynaptic neuron

Synaptic vesicle +————— (8 . oo “‘
Neurotransmitter +————pe¢ %% o

6 L]
Synaptic cleft/v '*’\

\
Receptor

Fig. 1: Simplified scheme of neurotransmission.

Depending on the chemical structure of neurotransmitters, a distinction is made between
amino acids (e.g. glutamate, GABA), monoamines (e.g. dopamine, serotonin, adrenaline),
peptides (e.g. opioids), purines (e.g. adenosine), and acetylcholine. Moreover,
neurotransmitter receptors are subdivided into either ionotropic or metabotropic (Fig. 2).
lonotropic receptors, such as the GABAs, AMPA, kainate, and NMDA receptors, are also
referred to as ligand-gated ion channels and are activated by the binding of their specific
neurotransmitter (ligand) to a specific site on the channel, which then opens to the flow of
cations (K*, Na*, and Ca?*) and/or anions (Cl) across the cell membrane. This results in an
immediate de- or hyperpolarization. Metabotropic receptors (or G-protein coupled receptors)
such as the GABAg receptor do not form an ion channel pore itself but activate neighboring
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ion channels or other intracellular events through signal transduction mechanisms (e.g. by G
proteins) after a specific neurotransmitter binds to its respective binding site on the receptor.
While activation of ionotropic receptors mediates fast transmission, metabotropic receptors
produce much slower and long-lasting responses.

GABA, receptor GABA, receptor
GABA binding sites:

Extracellular side

Membrane

Cytoplasmatic side
G protein

cr Cell reaction

AMPA receptor Kainate receptor NMDA receptor

4 Glutamate binding sites

Extracellular side

AR, B

S EEEE Mg
e e e ey S

" Membrane

[ /
|

COECOEECOE0O0EE ‘
.

Cytoplasmatic side

y
Na™ Ca™ Na~ Ca” Na™ Ca™

Fig. 2: Schematic structure of ionotropic GABAs, AMPA, kainate, and NMDA receptor and metabotropic GABAs
receptor.

In the present study, we examined alterations in 19 receptor types of seven neurotransmitter
systems, i.e. GABA, glutamate, acetylcholine, adrenaline, dopamine, serotonin, and
adenosine, of Pink1”~ mice compared with control mice that may be associated with PD.

GABA is the most prominent inhibitory neurotransmitter in the central nervous system (CNS).
GABA receptors play an important role in brain physiology and can be divided into ionotropic
GABA,, including benzodiazepine (BZ) that binds to an allosteric binding site on the GABAa
receptor, and metabotropic GABAg receptors (30). A recent non-invasive magnetic resonance
spectroscopy study demonstrated increased GABA levels in the basal ganglia of PD patients
that correlated with gait alterations (31).

Glutamate is the most prominent excitatory neurotransmitter in the mouse brain. The
glutamate receptors can be divided into the ionotropic AMPA, kainate, and NMDA receptors,
and metabotropic receptors, which are classified into three groups: Group | (mGlul and 5),
Group Il (mGlu2 and 3), and Group lll (mGlu4, 6, 7, and 8) (32). They play an important role in
synaptic plasticity, which is the ability of synapses to change in strength, and are thus



associated with the modulation of memory and learning (32, 33). In PD, alterations in
neurotransmission within the basal ganglia were shown to affect glutamatergic receptors (34).

The neurotransmitter acetylcholine plays a crucial role in neurotransmission in both the CNS
and peripheral nervous system, which is mediated by two classes of receptors: ionotropic
nicotinic acetylcholine receptors and metabotropic muscarinic acetylcholine receptors (35). In
the CNS, the former consists of a combination of different subunits (a4, as, as, az, as, a1, and
B2), and for the latter, there are five subtypes (Mi-Ms). Early in the study of PD, it was
discovered that degeneration of dopaminergic neurons disturbs the balance between
dopamine and acetylcholine levels in the brain (15). Interestingly, the first drugs used in PD
therapy to restore this balance were antagonists of the cholinergic receptor (15), which are
now mainly replaced by L-DOPA therapy. Moreover, several motor and non-motor symptoms
of PD, e.g. gait alterations, cognitive impairments, psychosis, and olfactory dysfunctions, have
been associated with altered cholinergic levels or degeneration of cholinergic terminals (35).

The catecholamines adrenaline (epinephrine) and noradrenaline (norepinephrine) are
neurotransmitters in the CNS that activate the G-protein-coupled adrenergic receptors, which
are subdivided into a receptors (a1, 8, p) and aza-c)) and B receptors (B1-3) (36). They play an
important role in attention and stress response and may contribute to learning and memory
processes as well as motor control (37). In PD, neurodegeneration of the locus coeruleus
results in lower levels of noradrenaline that have been associated with various motor and non-
motor symptoms of PD (37, 38).

Dopamine is a neurotransmitter synthesized from the precursor L-DOPA in the SN and ventral
tegmental area. In the CNS, it plays a crucial role in motor control, cognitive processes, and
motivation (39). It activates G-protein-coupled dopamine receptors, which are divided into
two families: The D1-like family includes the D1 and Ds receptor subtypes that are excitatory,
and the D2-like family includes the D3, D3, and D4 receptor subtypes that are inhibitory (39).
PD is associated with the degeneration of dopaminergic neurons in the SN leading to a
deficiency of dopamine levels in the striatum (3).

The monoamine serotonin, also known as 5-hydroxytryptamine (5-HT), is a neurotransmitter
that is primarily synthesized in the CNS in the dorsal raphe nuclei of the brainstem (40). There
are seven 5-HT receptor families (5-HT1.7) including at least 15 receptor subtypes. Several non-
motor symptoms of PD such as depression, anxiety, and dementia, are associated with a
dysfunctional serotonergic system (40, 41).

Adenosine acts as a neuromodulator in the brain, where it activates G-protein-coupled
adenosine receptors, of which there are four subtypes: A1, Aza, Azs, and As. The adenosinergic
system influences various processes, such as control of sleep and motor function, and is
involved in PD (42).

In general, neurotransmitter receptors can be visualized, and their densities absolutely
quantified using the experimental method of quantitative in vitro receptor autoradiography,
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thus enabling comparisons between different experimental groups. Therefore, a
comprehensive study of the described neurotransmitter receptor systems using quantitative
in vitro receptor autoradiography may lead to a better understanding of the molecular
mechanisms underlying the clinical manifestations of Parkinson’s disease.

1.4.2. Quantitative in vitro receptor autoradiography

Quantitative in vitro receptor autoradiography is a method based on the principle that
radiolabeled ligands (in our case tritium [3H] is used as the radioactive agent) will bind to
specific receptor binding sites in unfixed brain sections, allowing quantification and
visualization of active neurotransmitter receptor binding sites. Furthermore, this enables the
analysis of regional and/or laminar distribution patterns of neurotransmitter receptor binding
sites (13, 14, 43, 44). Because pathological conditions are often associated with changes in
more than just one receptor type, a major advantage of this method is the possibility to
analyze multiple receptor subtypes (e.g. the glutamatergic AMPA, kainate, and NMDA
receptors) or different co-localized receptor systems (e.g. GABA, dopamine, and acetylcholine
receptors) simultaneously within the same brain tissue. In addition, various transmembrane
receptors for neurotransmitters and neuromodulators are located in only one neuron, and as
cyto- and receptor-based architectonic methods showed, receptors link the anatomical
structure and their function (45). From this, a conclusion may be drawn about functional
interactions or influences between different receptor systems. In PD, for example, a complex
interdependence between the adrenergic, cholinergic, and dopaminergic receptor systems
was previously indicated (46).

In our previous study that focused on Parkin and DJ-1 knockout mice, which are valuable
models for monogenic PD-causing genes, we already demonstrated by using in vitro receptor
autoradiography that non-dopaminergic receptors, such as the kainate and GABAg receptors,
were upregulated in several brain areas (14). Moreover, AMPA receptors in hippocampal
regions were downregulated in Parkin knockout mice (14). This provides further proof that
the dopaminergic system is not the only receptor system affected in PD. However, to our
knowledge, there is no previous comprehensive study focusing on neurotransmitter receptor
alterations in mouse models of PINK1 Parkinsonism and thus in the prodromal phase of PD.

1.5. Objectives and experimental approach

To find new therapeutic applications, especially for non-motor symptoms, it is crucial to
understand the relationship between PD, in our case PINK1 Parkinsonism, and the expression
of different neurotransmitter receptors. Since the consequences of PINK1 gene mutations on
the expression of neurotransmitter receptors are still unknown, we aimed to identify how the
expression of different neurotransmitter receptor binding sites, including non-dopaminergic
receptors, is altered in PINK1-related early-onset PD. We hypothesized that alterations of
neurotransmitter receptors in functional systems are already present in the prodromal phase
of PD. Thus, this study aimed to perform a comparative analysis of neurotransmitter receptor



densities and their regional distribution in Pink1”7~ mice and to discuss the possible link
between receptor alterations and functional or pathological changes.

Since it was previously shown that pathological states are often associated with changes in
more than just one receptor type, we analyzed 19 different receptor types of seven
functionally highly important neurotransmitter systems simultaneously and, importantly, in
the same brain tissue of ten Pink1™~ mice and ten control mice by using quantitative in vitro
receptor autoradiography. Specially, we focused on the following receptors: GABAergic
GABA,, GABAa-associated benzodiazepine (BZ) binding sites, and GABAs; glutamatergic
AMPA, kainate, NMDA, and mGluys, cholinergic M1, M2, M3, and nicotinic asf3;; adrenergic as;
dopaminergic D1, D2, and Dyy3; serotonergic 5-HT1a, and 5-HT»; and finally adenosinergic A,
Aza. We then qualitatively analyzed the regional distribution of neurotransmitter densities in
ten different brain areas associated with the olfactory, somatosensory, limbic, motor, and
visual systems. Because Pink1”/~ mice showed gait and olfactory changes in previous
behavioral studies, the receptor densities of these neurotransmitter receptors were
additionally quantitatively analyzed in seven different brain areas associated with the motor
and limbic systems (including the olfactory bulb for olfaction). To facilitate the localization and
analysis of the different brain regions, we also visualized the neuronal structure in adjacent
sections to those used for receptor autoradiography by using two different staining
techniques: Nissl staining with cresyl violet acetate and Nissl staining by Merker (47). In
addition, qualitative analysis of dopaminergic neurons, astrocytic glutamate recycling, and
GABAergic neurons was performed by immunohistochemistry experiments using primary
antibodies against tyrosine hydroxylase, glutamine synthetase, and GABA, respectively. With
this approach, we aimed to complement the currently predominant dopamine-related
approaches in Parkinson’s research and to present novel data concerning the role of non-
dopaminergic receptors in PD.



2. Material and Methods

2.1. Generation of Pink1 knock-out mice

Pink1~/- mice were generated by our cooperation partner at the Institute of Developmental
Genetics of the Helmholtz Center Munich (26). Briefly, the generation was based on the
deletion of exons 2 and 3 of the Pink1 locus. A more detailed overview of the genetic
background is given below.

First, a polymerase chain reaction was used to amplify 129/ola genomic DNA fragments, which
were subsequently inserted into the targeting Psk62-easyflox vector. The construct consisted
of a neomycin resistance cassette flanked by flip-recombinase target (FRT) sites inserted in
front of exon 2 (Fig. 3). Exons 2 and 3 and the FRT-flanked neomycin resistance cassette were
also flanked with locus of X-over P1 (loxP) sites. The vector was then electroporated into
embryonic stem cells, followed by injection of those cell clones into blastocysts of C57BL/6)
mice, which were transferred into pseudopregnant foster mothers. The male offspring were
then mated to female C57BL/6J mice, resulting in offspring that are conditionally floxed
(Pink1"+). Heterozygous Pink1 mice (Pink17*) were born after Cre deleter mice were mated to
the Pink1’* mice, resulting in Cre recombination, i.e. binding of Cre recombinase to loxP
targets on the chromosome, removing the FRT sites, the neomycin resistance cassette, and
both exons 2 and 3. The single active loxP site in between exons 1 and 4 generated a frameshift
in the Pink1 RNA coding sequence, which then created a stop codon shortly behind exon 1. At
the protein level, a truncated form of Pink1 is produced, consisting exclusively of those amino
acids encoded by the first of the eight exons. To generate complete Pink1 knockout mice
(Pink17"), heterozygous male Pink1”’* were crossed with female Cre deleter mice. Correct
insertions were verified as previously described (26).

Aexon[1 | EEAE 6] 7] | 8 | pink1”
B exon [T DOr=pIZ D a5 BT 8] pinkz
ceon[T] b o B[7] %] pinke”

Fig. 3: Generation of Pink1™~ mice (adapted from (26)). A: The exon of the Pink1 locus is shown. B: Neomycin
resistance cassette (orange box) was flanked by FRT sites (green triangle), while the neomycin resistance cassette
and both exons 2 and 3 were additionally flanked by loxP sites (violet triangle). C: After mating conditional Pink1
mice with Cre deleter mice, Cre recombination and the removal of FRT flanked neo, exons 2 and 3 occurred,
while the loxP site between exon 1 and 4 remained active, creating a stop codon behind exon 1 and finally to a
truncated protein form of Pink1. Heterozygous male Pink1™* mice were mated with female Cre deleter mice,
leading to complete Pink1 knockout (Pink1™) offspring. Abbreviations: FRT, flip-recombinase target; loxP, locus
of X-over P1; neo, neomycin resistance cassette



2.2.  Animals

Male, 12-week-old Pink17~ mice (C57BL/6J3-5CrePelk0) and age-matched control mice
(C57BL/6J) were kept under specific pathogen-free conditions with ad libitum access to food
and water at the Institute of Developmental Genetics (Helmholtz Center Munich, Germany).
They were generously provided by Prof. Dr. med. Wolfgang Wurst for autoradiographic,
histological, and immunohistochemical analyses. All experiments were performed according
to the German animal welfare act and approved by the responsible governmental agency,
LANUV NRW (Landesamt fir Natur, Umwelt und Verbraucherschutz NRW).

For the autoradiographic and histological analyses, ten male Pink1”~ mice and ten control
mice were sedated by carbon dioxide (CO;) inhalation and subsequently decapitated. The
brains were immediately removed and then deep-frozen in isopentane at -50°C for
approximately 2 min. Subsequently, they were placed and delivered on dry ice to the Research
Center Jilich, where they were finally stored at -80°C until further use.

For immunohistochemical analyses, five male Pink17~ mice and five control mice were deeply
anesthetized followed by intracardiac perfusion, first with phosphate-buffered saline (PBS) to
flush the vessels and then with 4% paraformaldehyde in PBS (PFA/PBS; pH 7.5). Brains were
immediately removed and post-fixed in 4% PFA/PBS for 24 h. Subsequently, all brains were
transferred to a 15% sucrose solution for cryoprotection and transported to the Research
Center Julich on refrigerated packs. Directly thereafter, they were transferred to a 25%
sucrose solution, frozen at -40°C in precooled isopentane, and stored at -80°C until further
use.

2.3.  Preparation of tissues and sections

For autoradiographic and histological analyses, tissue was taken from the -80°C storage and
acclimatized in the cryostat microtome (Leica CM3050, Leica Biosystems GmbH, Germany) for
at least 30 min at -14°C. Subsequently, the brains were fixed on a specimen holder by
embedding them in Tissue-Tek® (Sakura Finetek Germany GmbH, Germany), after which they
were serially sectioned (10 um section thickness) at -14°C in the coronal plane at five different
rostro-caudal levels encompassing the olfactory bulb, striatum, hippocampus, SN, and
cerebellum (Fig. 4) using the cryostat microtome. For each animal and region of interest (ROI),
three sections were prepared for total binding and one additional section for each animal at
the striatum level for unspecific binding. Each section was thaw-mounted on pre-cooled,
silanized glass slides (76x26 mm, Starfrost, Germany) and dried on a heating plate at 37°C for
at least 30 min. The sections were stored in plastic boxes at -80°C until they were used for
either receptor autoradiography experiments or histological staining.

For immunohistochemical analyses, brains were taken from the -80°C storage on the day of
sectioning and mounted on the pre-cooled sample holder (-35°C) of the Frigomobil (Leica
Biosystems GmbH, Germany) with Tissue-Tek®, covered with an aluminum cap. After
increasing the temperature to -16°C the whole setup was left for 15 min in order to adapt to
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the cutting temperature. The brains were serially sectioned (section thickness: 50 um; object
temperature: -16°C; knife temperature: RT) in the coronal plane at the same rostro-caudal
levels as mentioned above, and sections were collected in 0.1M PBS (pH 7.4).

3 .42

2

Fig. 4: Top left: Example of the five section planes: olfactory bulb (1), striatum (2), hippocampus (3), SN (4), and
cerebellum (5), that were sectioned for each brain. 1-5: The exemplary Nissl stained sections (by Merker)
correspond to the five section planes and show delineated ROIs that were analyzed either qualitatively and/or
quantitatively: olfactory bulb (OB), motor cortex (M1), somatosensory cortex (S1), striatum (CPu), hippocampal
regions CA1, CA2/3, and DG, visual cortex (V1), SN, and cerebellum (Cb).

2.4. Histological staining
2.4.1. Nissl staining

To identify cytoarchitectonic ROIls, two different staining procedures were performed
according to established protocols on sections adjacent to those used for receptor
autoradiography: Nissl staining by using cresyl violet acetate and Nissl staining by Merker (47).
The procedure for the Nissl staining using cresyl violet acetate is summarized in Table Al (see
Supplemental Material and Methods, Section 8.1.10.), while the procedure for the Nissl
staining by Merker is summarized in Table A2 (see Supplemental Material and Methods,
Section 8.1.10.). Nissl stained coverslipped sections were scanned and visualized using a Zeiss
AxioScan.Z1 scanning microscope (Carl Zeiss Microscopy GmbH, Germany) with a 20x
objective at a final resolution of 0.325um/pixel.

2.4.2. Immunohistochemical staining

To analyze tyrosine hydroxylase (TH) for the dopaminergic receptor system and astrocytic
glutamine synthetase (GS) for glutamate recycling, immunohistochemical experiments were
performed. 50um sections were rinsed 3 x 20 min under gentle 0.1M PBS (pH 7.4) to remove
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the fixative. Afterward, sections were incubated in 5% blocking serum (normal goat serum,
Vector Laboratories, USA) dissolved in 0.1M PBS containing 0.3% saponin (Sigma-Aldrich
Chemie GmbH, Germany) for 1h at RT. The sections were then incubated for 48h in primary
antibodies [anti-TH-chicken, Abcam, United Kingdom, #ab76442 (diluted 1:1000) and anti-GS-
rabbit, Sigma-Aldrich Chemie GmbH, Germany, #G2781 (diluted 1:500)] dissolved in 0.1M PBS
+ 0.1% saponin + 1% blocking serum at +4°C under gentle shaking. Sections were rinsed for
3 x 30min in 0.1M PBS at RT followed by an incubation with secondary antibodies [goat-anti-
chicken Alexa-Fluor 488, Jackson ImmunoResearch Laboratories, USA (diluted 1:200) and
goat-anti-rabbit-Cy-3 conjugated, Jackson ImmunoResearch Laboratories, USA, (diluted
1:200)] dissolved in 0.1M PBS + 0.1% saponin + 1% blocking serum for 48h at +4°C. Sections
were rinsed for 3 x 30 min in 0.1M PBS followed by incubation in DAPI - Hoechst (Thermo
Fisher Scientific GmbH, Germany, #33342 (diluted 1:2000)), rinsed for 3 times, mounted on
glass slides, and coverslipped with Fluoromount G (SouthernBiotec, USA).

For the co-localization of TH and GABA, the same immunohistochemical procedures were
performed as described above but with the primary antibody combination of anti-TH-chicken
and anti-GABA-rabbit [Sigma-Aldrich Chemie GmbH, Germany, #A2052 (diluted 1:500)] and
for anti-GABA-rabbit visualization goat-anti-rabbit-Cy3 conjugated second antibody was used
as described above.

For an overview, staining was visualized by scanning the section with a fluorescence Zeiss
AxioScan.Z1 scanning microscope (Carl Zeiss Microscopy GmbH, Germany) with a 20x
objective at a final resolution of 0.325um/pixel. For more detail, a confocal laser scanning
microscope Zeiss LSM 880 (Carl Zeiss, Germany) was used with an Plan-Apochromate 40x/1,4
Qil DIC oil-immersion objective and immersion oil type 518F/24°C (Carl Zeiss Microscopy
GmbH, Germany) with a final resolution of 0.221um/pixel. Images were acquired and
processed using ZEN 2.0 software (Carl Zeiss Microscopy GmbH, Germany).

2.5. Quantitative in vitro receptor autoradiography

To visualize and measure neurotransmitter receptor densities, quantitative in vitro receptor
autoradiography was performed for 19 different receptor binding sites from seven different
neurotransmitter systems. In detail, experiments were performed according to previously
described protocols (48-50) for the following receptors: GABAergic GABAa, GABAx-associated
BZ binding sites, and GABAg; glutamatergic AMPA, kainate, NMDA, and mGluys; cholinergic
M1, M2, M3, and nicotinic asf2; adrenergic ai; dopaminergic D1, Dy, and Dy/3; serotonergic
5-HT1a, and 5-HT,; adenosinergic Ai, Asa. All experimental protocols for receptor
autoradiography are summarized in Table A3 (see Supplemental Material and Methods,
Section 8.1.11.) and consisted of three main steps: a pre-incubation, a main incubation, and a
rinsing step.

In the pre-incubation, sections were incubated in a buffer solution that rehydrated the
sections, adapted the pH, and led to the washout of endogenous ligands. Two different
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protocols were used for the main incubation: one for identification of the total number of
binding sites, and one for the nonspecific binding. The main incubation protocol for total
binding involved the labeling of sections in a buffer solution with the respective [*H]-labeled
receptor ligand alone, whereas in the protocol for nonspecific binding, an at least 1000-fold
higher concentration of a specific nonradioactive displacer was also added. The high-affinity
displacer competes for the receptor binding site and displaces the [3H]ligand, representing the
nondisplaceable binding, which is usually less than 10% of the total binding. When the
nonspecific binding is greater than 10% of the total binding, the specific binding is calculated
as follows: total binding — nonspecific binding = specific binding

The final concentration of the [3H]ligand in buffer solution was calculated from the
measurements of triplicates of the respective sample in the Liquid Scintillation Counter Hidex
300 SL (Hidex, Finland). The main incubation lasted between 40 and 120 min, depending on
the [3H]ligand, and the sections were light protected throughout this step. Finally, during the
rinsing step, the binding process was stopped in buffer solution by removing the excess
[3H]ligands. Subsequently, the sections were rinsed in distilled water to wash out salts of the
buffer solutions, except for the AMPA and kainate receptor protocols, where the sections
were fixated in 2.5% glutaraldehyde/acetone. After the experiments, the sections were dried
under a fan and stored at RT until their exposure against B -sensitive films.

2.6.  Film exposition and development

To visualize and quantify the radiolabeled neurotransmitter receptor densities in brain
sections, all sections must first be prepared for film exposition. Thus, the dried sections were
trimmed and fixed on white paper sheets with double-sided adhesive tape. The sections were
exposed together with self-established microscales with known [3H]-concentrations against
B~-sensitive films (Carestream BioMax MR Film, Sigma-Aldrich Chemie GmbH, Germany). This
was performed in a photography laboratory under red light by placing sections and
microscales between plastic plates that were shut tightly with metal clips and then stored in
light-protected boxes for nine to 15 weeks. The exposure time for each [3H]ligand is
summarized in Table A4 (see Supplemental Material and Methods, Section 8.1.12.). After the
respective exposure time, B-sensitive films were developed in a photography laboratory
under red light by using [3H]-sensitive emulsion (GBX-Developer and DBX-Fixer, Sigma-Aldrich
Chemie GmbH, Germany) and a semi-automatic Hyperprocessor (Amersham Biosciences
Europe GmbH, Germany).

2.7.  Digitalization of autoradiographic films

To generate images of each radiolabeled brain section, the autoradiographic films were
digitalized using the high-end microscope camera AxioCam HRc (Carl Zeiss Microscopy GmbH,
Germany) that was connected to the AxioVision Rel. 4.8.2. software (Carl Zeiss Microscopy
GmbH, Germany). The digitalization was performed in darkness with a pre-warmed camera
(at least 20min before the start) and on a homogeneously illuminated light table. At first, a
shading correction was performed to ensure that the measured areas of the film had a
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homogeneous light intensity. For each film, gray values of the background were checked and,
if necessary, the brightness was then adjusted to a defined range. To guarantee that all images
(autoradiograms) were comparable, settings were not changed during the digitalization
process. All images were saved 8-bit coded in 256 gray values (O=black; 255=white) and a
spatial resolution of 4164x3120 pixel.

2.8.  Calibration and color coding

To visualize the regional distribution of neurotransmitter receptors in brain sections, all
radiolabeled brain sections were color-coded. First, non-linear transformation curves of co-
exposed microscales of each autoradiographic film were computed for calibration,
representing the correlation between [3H]-concentration in the tissue and gray values in the
digitalized autoradiogram (Fig. 5). By using MATLAB®-software (MathWorks, USA), gray values
of each pixel in the autoradiogram were converted into [*H]-concentrations and
corresponding receptor densities (fmol/mg protein), resulting in linearized autoradiograms.
The linearized autoradiograms, in which gray values correlate to receptor densities as a linear
function, were subsequently contrast-enhanced and color-coded for optimal visualization of
regional neurotransmitter receptor distribution. A color scale, which is equally spaced into
eleven density ranges, corresponds to the assigned 256 gray values of the linearized
autoradiogram. While red-colored pixels correspond to high receptor densities (fmol/mg
protein), the blue-colored pixels correspond to low receptor densities.
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Fig. 5: The original [3H]LY 341495 autoradiogram (A) was converted to a linearized image (C) using a non-linear
calibration curve (B) representing the correlation between gray values and [3H]-concentrations and
corresponding receptor densities (48). Neurotransmitter receptor distribution was then visualized in a color-
coded image (D).
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To allow direct comparison of the regional distribution pattern between Pink17~ and control
mice, all brain sections of a neurotransmitter receptor were color-coded with the same lower
limits (always 0) and upper limits (depending on the receptor). Because not all brain sections
can be displayed, one color-coded image per group (Pink1”- mice and control mice) and per
rostro-caudal level (olfactory bulb, striatum, hippocampus, SN, and cerebellum) was selected
as an example for each neurotransmitter receptor and are shown in Figs. 7-13 (see Results,
Sections 3.2.1.-3.2.7.). The qualitative analysis of the regional distribution of neurotransmitter
receptors focused on the olfactory bulb (OB), motor cortex (M1), somatosensory cortex (S1),
visual cortex (V1), hippocampal regions cornu ammonis (CA) CA1 and CA2/3, and dentate
gyrus (DG), SN, and cerebellum (CB) (Fig. 4). Thereby, low densities were described for
densities that were approximately in the blue to green range of the color scale, while
intermediate described the green to yellow range, and high described the yellow to red range.

2.9.  Densitometric analysis

To quantify the neurotransmitter receptor densities, densitometric analysis was performed
for each receptor binding site using the image analyzer software AxioVision 4.8.2. (Carl Zeiss
Microscopy GmbH, Germany) by delineating the ROls in both hemispheres and comparing the
delineation with the defined areas in “The Mouse Brain in Stereotaxic Coordinates” (51) and
with the histological staining. Thereby, the quantitative analysis focused on the following ROls:
OB, M1, CPu, hippocampal regions CA1, CA2/3, and DG, as well as SN (Fig. 4). Three sections
were delineated for each ROI, animal, and receptor binding site to determine the average of
receptor densities.

2.10. Statistical analysis

Mean receptor densities (MD) + standard deviation (SD) were calculated for each of the 19
different receptor binding sites of the seven neurotransmitter systems GABA, glutamate,
acetylcholine, dopamine, adrenaline, serotonin, and adenosine in Pink1”- and control mice
(each group represented with n=10) and brain areas of the limbic (OB, and hippocampal
regions CA1, CA2/3, and DG) and motor systems (M1, CPu, and SN) (see Supplemental Data,
Section 8.2.1., Tables A5 — A42). Interhemispheric differences in receptor densities were
tested by analysis of variance (ANOVA, linear mixed-effects models; R version 4.0.4). Because
they were not significantly different, data from the left and right hemispheres were pooled.
In the next step differences between control and Pink1”/~ mice were statistically determined
for each brain area using ANOVA, and if significant, a post hoc t-test was performed for each
neurotransmitter receptor to test for significant differences between control and Pink17/~
mice. The results are presented in bar charts that depict the MD % SD (expressed in fmol/mg
protein) of each receptor subtype in Pinki7- and control mice (see Figs. 14-19 and
Supplemental Data, Section 8.2.3., Figs. A5-A11). Significant changes between the two groups
are indicated with asterisks (*p<0.05 or **p<0.01).
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3. Results
3.1.  Immunohistochemical staining

So far, qualitative evaluation of the immunohistochemical localization of dopaminergic
neurons by TH within the SN and other cerebral regions showed no differences between the
3-month-old Pink17- and control mice (see Supplemental Data, Section 8.2.2., Fig. Al).
However, at higher magnification, changes were observed between Pink17- and control mice,
indicating differences in the distribution of TH-positive fibers and terminals in the striatum. In
particular, fibers in control mice tended to be thicker than in Pink17- mice, where they also
tended to be denser (Fig. 6). This observation deserves further evaluation with additional
antibody combinations towards target neurons and synaptic boutons (axon terminals) with
antibodies directed towards synaptic proteins. Regarding immunohistochemical localization
of GS, astrocytes within the SN and striatum indicated no signs of activation or other changes.
In contrast to GS, GABA immunoreactivity was clearly co-localized with TH-positive neurons
within the SN and other regions (see Supplemental Data, Section 8.2.2., Figs. A2-A3). Finally,
overall GABA staining intensity appeared to be slightly reduced in the striatum of Pink17-mice
compared with age-matched control mice (see Supplemental Data, Section 8.2.2., Fig. A4).

Fig. 6: Exemplary immunohistochemical staining against TH (green) and GS (red) in the striatum of control mice
(A) and Pink17-mice (B) indicating differences in the distribution of TH-positive fibers and terminals. The fibers
in control mice are thicker than in Pink17- mice, where they were also denser. Cell nuclei are stained blue.
Magnification: 40x objective at a final resolution of 0.221um/pixel. Scale bar = 50um
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3.2.  Regional distribution of neurotransmitter receptors
3.2.1. GABA receptors

GABAAa receptors

In both groups, low GABAa receptor densities were found in the CA2/3 region of the
hippocampus, striatum, and SN, whereas high densities were found in the olfactory bulb and
cerebellum (Fig. 7A). All other brain areas examined showed intermediate densities.
Comparing the two groups, Pink17- mice showed a tendency toward lower densities in the
olfactory bulb and cerebellum, whereas they tended to be higher in the motor,
somatosensory, and visual cortex, striatum, and hippocampus (CA1, CA2/3, and DG).

GABAAa-associated BZ binding sites

Compared with the other GABA receptor subtypes examined, BZ binding site densities were
generally highest (Fig. 7B). They were very low in the striatum, low in the cerebellum, and
intermediate in the CA2/3 region of the hippocampus, while in the other brain areas
examined, densities were high (Fig. 7B). Comparing the two groups, densities in Pink1”7- mice
tended to be higher in the motor cortex and lower in the visual cortex than in control mice.

GABAGg receptors

GABAg receptor densities were low in the olfactory bulb, striatum, and SN, whereas other ROls
showed intermediate to high densities (Fig. 7C). Between the two groups, in all brain regions,
GABAg receptor densities were higher in the control group than in Pink1”~ mice.
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Fig. 7: Color-coded images showing the distribution pattern of GABAergic receptor densities in different brain
regions of control and Pink1”- mice. Color scales code receptor densities in fmol/mg protein. A: Ligand:
[3H]Muscimol; B: Ligand: [*H]Flumazenil; C: Ligand: [?H]CGP 54626
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3.2.2. Glutamate receptors

AMPA receptors

The lowest AMPA receptor densities were found in the SN, followed by the olfactory bulb,
motor, somatosensory, and visual cortex, striatum, and cerebellum (Fig. 8A). While densities
were intermediate in the hippocampal regions CA2/3 and DG, they were highest in its CA1.
Comparing the densities between the two groups, control mice showed higher densities in the
hippocampus (CA1, CA2/3, and DG) and visual cortex than Pink1”- mice.

Kainate receptors

Kainate receptor densities were lowest compared with the other glutamate receptor subtypes
analyzed (Fig. 8B). In the hippocampal region CA1, SN, and cerebellum, densities were low,
whereas in the motor, somatosensory, and visual cortex, and in the hippocampal regions
CA2/3 and DG, densities were found to be intermediate. The highest densities were found in
the olfactory bulb and striatum. Pink17- mice showed a tendency toward lower kainate
receptor densities in the SN, whereas they were evenly distributed in all other ROls.

NMDA receptors

NMDA receptor densities were below the detection limit in the cerebellum (Fig. 8C). They
were very low in the SN, and low in the olfactory bulb and striatum. While intermediate
densities were found in the motor, somatosensory, and visual cortex, as well as in the
hippocampal CA2/3 region, densities were higher in the hippocampal DG region and
exceptionally high in its CA1 region. In the comparison between Pink17- and control mice,
NMDA receptor densities were homogeneously distributed.

mGluy,; receptors

Of all glutamate receptor subtypes analyzed in the present study, mGluys receptor densities
were highest (Fig. 8D). The densities were low in the olfactory bulb, CA1 and CA2/3 region of
the hippocampus, SN, and cerebellum. They were high in all cortical areas, in the striatum,
and the hippocampal region DG. Except for the cerebellum, where densities were
homogeneously distributed, all brain areas showed higher densities in Pink17- mice compared
to control mice.
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Fig. 8: Color-coded images showing the distribution pattern of glutamatergic receptor densities in different brain
regions of control and Pink1”- mice. Color scales code receptor densities in fmol/mg protein. A: Ligand:
[BHJAMPA; B: Ligand: [3H]Kainic acid; C: Ligand: [2H]MK-801; D: Ligand: [3H]LY 341495
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3.2.3. Acetylcholine receptors

M receptors

M1 receptor densities were below the detection limit in the cerebellum (Fig. 9A). They were
low in the olfactory bulb and especially in the SN, whereas intermediate densities were found
in the motor, somatosensory, and visual cortex, and in the CA2/3 region of the hippocampus.
The highest densities were found in the striatum and in the hippocampal regions CA1 and DG.
In general, M1 receptor densities were higher in control mice than in Pink1”- mice.

M: receptors

The muscarinic M2 receptor was the only cholinergic receptor subtype found in the
cerebellum, although densities were very low (Fig. 9B). Densities were low in all hippocampal
regions and in the SN, while they were intermediate in the motor, somatosensory, and visual
cortex, and highest in the olfactory bulb and striatum. Comparing both groups, M; receptor
densities were more or less homogeneously distributed.

Ms receptors

M3 receptor densities were below the detection limit in the cerebellum (Fig. 9C). In general,
the M3 receptors showed the highest densities of all cholinergic receptors and their regional
distribution was comparable to that of the M1 receptor subtype. Thus, the lowest densities
were found in the SN, followed by the olfactory bulb. The densities increased in the following
order: hippocampal CA2/3 region, motor cortex, somatosensory cortex, visual cortex,
hippocampal regions DG and then CA1, and finally striatum. In all ROls, M3 receptor density
distribution was similar when comparing the two groups.

Nicotinic a3 receptors

The nicotinic asP2 receptor densities were below the detection limit in the cerebellum (Fig.
9D). Densities were generally very low in both groups and showed the lowest densities of all
cholinergic receptor subtypes. Whereas very low densities were found in the olfactory bulb
and hippocampal regions CA1 and CA2/3, slightly higher densities were found in the SN and in
the DG region of the hippocampus. Intermediate densities were found in the motor,
somatosensory, and visual cortex, whereas the highest densities were found in the striatum.
In all brain regions examined, densities were slightly higher in control mice than in Pink17-
mice.
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Fig. 9: Color-coded images showing the regional distribution pattern of cholinergic receptor densities in different
brain regions of control and Pink1”7- mice. Color scales code receptor densities in fmol/mg protein. A: Ligand:
[3H]Pirenzepine; B: Ligand: [*H]Oxotremorine-M; C: Ligand: [3H]4-DAMP; D: Ligand: [3*H]Epibatidine
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3.2.4. Adrenaline receptors

o1 receptors

While a; receptor densities were low in the striatum, all hippocampal regions (CA1, CA2/3,
and DG), SN, and cerebellum, they were comparatively higher in the olfactory bulb, and in the
somatosensory and visual cortex (Fig. 10). The highest densities were found in the motor
cortex. The a1 receptor densities in Pink17- mice tended to be higher in the motor cortex and
slightly lower in the striatum compared with control mice. All other brain areas examined
appeared to show similar densities between the two groups.

a, receptors

control Pink1”

. [ B .
382 636 891 1145 1400
fmol/mg protein

Fig. 10: Color-coded images showing the distribution pattern of a1 receptor densities in different brain regions
of control and Pink17- mice. Color scale codes receptor densities in fmol/mg protein. Ligand: [*H]Prazosin
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3.2.5. Dopamine receptors

Di1 receptors

D1 receptor densities were below the detection limit in the hippocampus (Fig. 11A). Densities
in the striatum were much higher than in other brain areas examined and tended to be higher
in Pink17- than in control mice. The SN showed the second-highest D:1 receptor densities and
tended to be lower in Pink17- than in control mice. In the olfactory bulb, motor,
somatosensory, and visual cortex, and in the cerebellum, densities were very low and similar.

D2 receptors

Because the striatum was the only brain region in which D, receptor densities were
detectable, only exemplary color-coded images of the striatum are shown in Fig. 11B, where
densities were similar between the two groups.

Dy/3 receptors

The densities of the dopaminergic D3 receptor subtype were very low in the olfactory bulb,
motor cortex, and somatosensory cortex, while they were much higher in the striatum (Fig.
11C). The densities were below the detection limit in all other ROls. Dy/3 receptor densities
were comparable between Pink17- and control mice.

A D, receptors : D, receptors : C D, receptors

control Pink1" i control Pink1” control Pink1”

| ] (. . . [ [ . ' | B

95 286 477 668 859 1050. 98 295 491 687 884 1080 . 218 655 1091 1527 1964 2400

1000 3000 5000 7000 S000 11000: fmol/mg protein ; fmol/mg protein
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Fig. 11: Color-coded images showing the distribution pattern of dopaminergic receptor densities in different
brain regions of control and Pink1”7- mice. Color scales code receptor densities in fmol/mg protein. Note that in
A coding of color scales is shown separately for the striatum and SN (lower numbers) and other brain areas
(upper numbers) due to the large difference in regional densities. A: Ligand: [3H]SCH 23390; B: Ligand:
[*H]Raclopride; C: Ligand: [*H]Fallypride.
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3.2.6. Serotonin receptors

5-HT1a receptors

5-HT1a receptor densities were below the detection limit in the olfactory bulb and cerebellum.
The densities were generally very low, except in the CA1 region of the hippocampus, where
densities were much higher compared with the other ROIs (Fig. 12A). In all ROls, densities
tended to be higher in Pink17- than in corresponding control mice.

5-HT; receptors

As observed previously for the 5-HTia receptor, the densities were generally very low (Fig.
12B). Compared with the other ROIs, slightly higher densities were found in the motor cortex,
somatosensory cortex, and striatum. In all brain regions examined, there was a tendency
toward higher 5-HT> receptor densities in Pink1”- than in control mice.

A 5-HT,, receptors :B  5-HT, receptors

control Pink1" control Pink1”
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Fig. 12: Color-coded images showing the distribution pattern of serotonergic receptor densities in different brain
regions of control and Pink1”- mice. Color scales code receptor densities in fmol/mg protein. A: Ligand:
[3H]8-OH-DPAT; B: Ligand: [*H]Ketanserin
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3.2.7. Adenosine receptors

A1 receptors

Low adenosine A; receptor densities were found in the olfactory bulb, which tended to be
higher in Pink17- mice than control mice (Fig. 13A). In the motor cortex, striatum, hippocampal
DG region, visual cortex, and cerebellum, similar and intermediate densities were found in
both groups, whereas they were slightly higher in the somatosensory cortex. A receptor
densities in the SN were intermediate and tended to be lower in Pink17- mice. The highest
densities were found in hippocampal regions CA1 and CA2/3, where densities tended to be
higher in Pink17- than in control mice.

Aza receptors

Comparable to the previously described D, receptor, the only brain area where A;a receptors
were detectable was the striatum, where densities were slightly higher in Pink17- mice than in
control mice (Fig. 13B).

A A, receptors A, receptors

control Pink1" control Pink1”
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Fig. 13: Color-coded images showing the distribution pattern of adenosinergic receptor densities in different
brain regions of control and Pink1”7- mice. Color scales code receptor densities in fmol/mg protein. A: Ligand:
[*H]DPCPX; B: Ligand: [3H]ZM 241385

25



3.3.  Quantification of neurotransmitter receptor densities

The receptor densities, mean densities + standard deviations for each receptor subtype,
animal group, and brain area (in the left and right hemisphere) are presented in Tables A5 —
A42 (see Supplemental Data, Section 8.2.1.). The percentage differences that indicate
increases or decreases in receptor densities between Pink17-and control mice are shown in
Table 1.

Table 1: Percentage differences indicating a trend toward upregulated (positive percentages) or downregulated
(negative percentages) mean receptor densities in Pink1”~ mice compared to control mice. Significant changes
(p<0.05) are marked in green. Blank boxes (-) correspond to receptor densities that could not be evaluated in the
respective brain area because they were below the detection limit.

Brain areas
oB CA1 | CA2/3 DG M1 CPu SN
M1 -13.4% | -7.3% | -11.3% | -8.8% | -8.9% | -7.4% | -3.6%
M; 29% | -1.5% | 1.4% 1.0% | 44% | 2.8% | 6.6%
M; 0.5% | -0.2% | -1.2% | -1.2% | -2.4% | -1.4% | -4.8%
of2 -52% | -3.5% | -7.1% | -5.1% | -2.0% | -1.4% | -2.7%

A 72% | 13% | 3.0% | 1.0% | 2.8% | 1.4% | -4.8%
" Azn - - - - - 4.0% -
% a 1.8% | -2.1% | -2.7% | -2.6% | 4.9% | -5.4% | -2.3%
gg D1 1.7% - - - 0.2% | 5.0% | -13.8%
| D - - - - - | 1e% | -
=]
£ D2/3 -7.5% - - - 2.0% | 2.1% -
§ GABAx | -4.8% | 19.1% | 15.3% | 15.7% | 10.2% | 11.8% | 1.3%
g BZ 11% | 23% | 1.1% | 1.0% | 6.1% | 41% | 0.7%
é’, GABAs | -5.8% |-11.1% | -10.9% | -8.4% | -4.3% | -6.5% | -7.4%

AMPA -09% | -7.8% | -9.1% |-10.2% | 3.4% | 1.1% | -4.4%
Kainate | 3.2% | -1.1% | -2.3% 1.6% | -1.0% | -1.9% | -8.4%
NMDA 1.2% | -0.5% | -0.1% | 0.4% 1.9% | 43% | 2.1%
mGluzs | 12.8% | 16.3% | 12.9% | 10.3% | 2.7% | 6.6% | 16.2%
5-HT1a - 5.4% 4.5% 3.7% | 69% | 7.9% | 3.7%
5-HT: 10.7% | 6.6% 5.2% 0.8% | 46% | 52% | 3.0%

3.3.1. GABA receptors

GABAAa receptors

GABAA receptor densities varied from 832 fmol/mg protein (CA2/3, control) to 2640 fmol/mg
protein (OB, Pink1”"). Statistical tests revealed significantly higher densities in the
hippocampal CA1 region (19.1%; control: 1885 + 386 fmol/mg protein; Pink17": 2245 + 397
fmol/mg protein; p<0.05) of Pink17- mice compared to control mice. Although not statistically
significant, there was a tendency for upregulated densities in the striatum (11.8%), the motor
cortex (10.2%), and in the hippocampal regions CA2/3 (15.3%) and DG (15.7%) in Pink1”- mice.
Moreover, Pink17- mice exhibited a tendency of lower densities in the olfactory bulb (-4.8%).
The results are summarized in Fig. 14 and Table 1.
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Fig. 14: Bar charts of mean GABAa receptor densities (fmol/mg protein) including standard deviation in brain
regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control
(light gray) and Pink1”- mice (dark gray). Significant differences are indicated by asterisks (*p<0.05 or **p<0.01).
Ligand: [*H]Muscimol

GABAAa-associated BZ binding sites

Mean GABAa-associated BZ binding site densities ranged between 1006 fmol /mg protein
(CPu, control) and 4963 fmol/mg protein (CA1, Pink17-). No significant alterations in BZ binding
site densities were found between Pink17- and control mice. However, the mean densities in
the motor cortex tended to be upregulated by 6.1% in Pink1”- mice. The results are
summarized in Fig. A5A (see Supplemental Data, Section 8.2.3) and Table 1.

GABAg receptors

The mean GABAg receptor densities extended from 407 fmol/mg protein (OB, Pink17") to 1192
fmol/mg protein (DG, control). Statistical tests did not reveal significant alterations of GABAs
receptor densities between Pink1”~ and control mice, although, in all ROls, densities showed
a trend toward downregulated densities in Pink1”7- mice (from -4.3% in the motor cortex to -
11.1% in the hippocampal CA1 region). The results are summarized in Fig. A5B (see
Supplemental Data, Section 8.2.3) and Table 1.

3.3.2. Glutamate receptors

AMPA receptors

Mean AMPA receptor densities were the lowest in SN (control: 453 fmol/mg protein; Pink1”:
433 fmol/mg protein) and the highest in hippocampal region CA1 (control: 6034 fmol/mg
protein; Pink17-: 5564 fmol/mg protein). Pink17- mice exhibited a significant decrease in
receptor densities in the hippocampal region CA1 (-7.8%; control: 6034 + 991 fmol/mg protein;
Pink17-: 5564 + 805 fmol/mg protein; p<0.01) compared to control mice. Although not
significant, there was a trend toward downregulated densities in Pink17- mice in the
hippocampal regions CA2/3 (-9.1%) and DG (-10.2%). The results are summarized in Fig. 15
and Table 1.
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Fig. 15: Bar charts of mean AMPA receptor densities (fmol/mg protein) including standard deviation in brain
regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control
(light gray) and Pink17 mice (dark gray). Significant differences are indicated by asterisks (*p<0.05 or **p<0.01).
Ligand: [*HJAMPA

Kainate receptors

The range of kainate receptor densities extended from 299 fmol/mg protein (SN, Pink1”) to
1797 fmol/mg protein (OB, Pink1”"). Statistical tests revealed a significant decrease in the SN
(-8.4%; control: 3264 + 394 fmol/mg protein; Pink17: 2991 + 365 fmol/mg protein; p<0.01) of
Pink1”- mice compared to control mice. The results are summarized in Fig. 16 and Table 1.
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Fig. 16: Bar charts of mean kainate receptor densities (fmol/mg protein) including standard deviation in brain
regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control
(light gray) and Pink17 mice (dark gray). Significant differences are indicated by asterisks (*p<0.05 or **p<0.01).
Ligand: [3*H]Kainic acid

NMDA receptors
The lowest NMDA receptor densities were found in the SN (control: 291 fmol/mg protein;
Pink17-: 297 fmol/mg protein) and the highest in hippocampal region CA1 (control: 4229

28



fmol/mg protein; Pink1”: 4208 fmol/mg protein). There were no significant alterations
between the NMDA receptor densities of Pink17- mice and control mice. The results are
summarized in Fig. A6 (see Supplemental Data, Section 8.2.3) and Table 1.

mGluy/s receptors

Mean mGluy/; receptor densities varied from 2101 fmol/mg protein (CA2/3, control) to 9638
fmol/mg protein (M1, Pink17°). Statistical tests showed a significant increase of mGluy
receptor densities in Pink17- mice compared to the corresponding control mice in
hippocampal regions CA1 (16.3%; control: 3105 + 513 fmol/mg protein; Pink17-: 3611 + 551
fmol/mg protein; p<0.01) and DG (10.3%; control: 8583 + 959 fmol/mg protein; Pink17: 9468
+ 1019 fmol/mg protein; p<0.01), and in the SN (16.2%; control: 3525 + 580 fmol/mg protein;
Pink17-: 4096 + 587 fmol/mg protein; p<0.01). Although no statistical significances were found
in the other ROIs, all tended to be upregulated in Pink17- mice. The results are summarized in
Fig. 17 and Table 1.
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Fig. 17: Bar charts of mean mGluz/s receptor densities (fmol/mg protein) including standard deviation in brain
regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control
(light gray) and Pink1”- mice (dark gray). Significant differences are indicated by asterisks (*p<0.05 or **p<0.01).
Ligand: [*H]LY 341495

3.3.3. Acetylcholine receptors

M; receptors

Mean muscarinic M; receptor densities ranged from 358 fmol/mg protein (SN, Pink1”") to
5248 fmol/mg protein (DG, control). Significant decreases in receptor densities were found in
the hippocampal CA1 (-7.3%; control: 4698 + 1167 fmol/mg protein; Pink17": 4354 + 1458
fmol/mg protein; p<0.05) and DG (-8.8%; control: 5248 + 1295 fmol/mg protein; Pink1”/": 4789
+ 1636 fmol/mg protein; p<0.05) regions of Pink17- mice compared to control mice. In all
regions analyzed, M; receptor densities tended to be lower in Pink17- mice than in control
mice. The results are summarized in Fig. 18 and Table 1.
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Fig. 18: Bar charts of mean M1 receptor densities (fmol/mg protein) including standard deviation in brain regions
of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control (light
gray) and Pink17- mice (dark gray). Significant differences are indicated by asterisks (*p<0.05 or **p<0.01).
Ligand: [3H]Pirenzepine

M: receptors

The range of M3 receptor densities extended from 417 fmol/mg protein (DG, control) to 2804
fmol/mg protein (CPu, Pink17). Within the brain regions analyzed, densities were more or less
homogeneously distributed between the two groups. Thus, no significant alterations in M
receptor densities were found between Pink17- and control mice. The results are summarized
in Fig. A7A (see Supplemental Data, Section 8.2.3) and Table 1.

Ms receptors

M3 receptor densities ranged from 607 fmol/mg protein (SN, Pink17") to 8585 fmol/mg protein
(CPu, control). Statistical tests did not reveal significant differences between densities of
Pink17- and control mice in the investigated brain regions. The results are summarized in Fig.
A7B (see Supplemental Data, Section 8.2.3) and Table 1.

Nicotinic aspB2 receptors

The mean densities of the nicotinic asf, receptor ranged from 106 fmol/mg protein (CA2/3,
control) to 325 fmol/mg protein (CPu, control). In contrast to other cholinergic receptors,
nicotinic asfB2 receptor densities were generally low. In all ROls, the mean densities were lower
in Pink17-than in control mice. Nevertheless, statistical tests revealed no significant difference
between the two groups. The results are summarized in Fig. A7C (see Supplemental Data,
Section 8.2.3) and Table 1.

3.3.4. Adrenaline receptors

oy receptors

Mean a; receptor densities ranged from 122 fmol/mg protein (CA2/3, Pink1”") to 567 fmol/mg
protein (OB, Pink17"). No significant differences in a; receptor densities were observed in the
brain regions examined of Pink1”- mice compared to control mice. However, when comparing
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the two groups, a tendency for higher densities was found in the motor cortex (4.9%), while
they tended to be lower in the striatum (-5.4%) of Pink1”- mice. In all other ROIs, densities
were approximately equal. The results are summarized in Fig. A8 (see Supplemental Data,
Section 8.2.3) and Table 1.

3.3.5. Dopamine receptors

D1 receptors

D1 receptor densities were below the detection limit in the hippocampus. The mean densities
extended from 103 fmol/mg protein (OB, control) to 5994 fmol/mg protein (CPu, Pink17").
Statistical tests revealed a significant decrease of D1 receptor densities in the SN (-13.8%;
control: 2292 + 483 fmol/mg protein; Pink17-: 1976 + 344 fmol/mg protein; p<0.01) of
Pink17- mice compared to control mice. Although no other significant differences were found,
there was a trend toward higher densities in the striatum (5%) of Pink17- compared to control
mice. In general, densities in the striatum were up to 58 times higher than in other brain areas
examined. The results are summarized in Fig. 19 and Table 1.
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Fig. 19: Bar charts of mean D1 receptor densities (fmol/mg protein) including standard deviation in brain regions
of the limbic (OB) and motor systems (M1, CPu, SN) of control (light gray) and Pink1”- mice (dark gray). Significant
differences are indicated by asterisks (*p<0.05 or **p<0.01). Ligand: [3H]SCH 23390

D, receptors
D> receptor densities were only detectable in the striatum, where densities were similar
between Pink1”- mice (408 fmol/mg protein) and control mice (416 fmol/mg protein). Hence,
statistical tests revealed no significant differences in the D, receptor densities between the
two groups. The results are summarized in Fig. A9A (see Supplemental Data, Section 8.2.3)
and Table 1.

Dy/3 receptors

The D3 receptor densities were below the detection limit in the hippocampal regions CA1,
CA2/3, and DG, and in the SN. Mean densities were exceptionally higher in the striatum than
in the olfactory bulb and motor cortex. There was no significant difference in densities
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between Pink1”7- and control mice, although densities in the olfactory bulb tended to be
downregulated by -7.5% in Pink17- mice. D23 receptor densities in the striatum were up to 20
times higher compared with the other brain regions. The results are summarized in Fig. A9B
(see Supplemental Data, Section 8.2.3) and Table 1.

3.3.6. Serotonin receptors

5-HT1a receptors

5-HT1a receptor densities were below the detection limit in the olfactory bulb. Densities were
generally below 83 fmol/mg protein, except in the hippocampal region CA1 (control: 383
fmol/protein; Pink17-:403 fmol/mg protein). No significant differences were found in the brain
regions analyzed between Pink1”/- mice and control mice, although densities tended to be
slightly higher in Pink17- mice in all ROIls. The results are summarized in Fig. A10A (see
Supplemental Data, Section 8.2.3) and Table 1.

5-HT; receptors

The mean 5-HT, receptor densities extended from 157 fmol/mg protein (OB, control) to 570
fmol/mg protein (CPu, Pink177). In all brain areas analyzed, mean densities tended to be
slightly higher in Pink17-than in control mice, however, statistical tests revealed no significant
alterations. The results are summarized in Fig. A10B (see Supplemental Data, Section 8.2.3)
and Table 1.

3.3.7. Adenosine receptors

A1 receptors

The mean A;: receptor densities ranged from 976 fmol/mg protein (OB, control) to 7217
fmol/mg protein (CA1, Pink17"). Statistical tests revealed no significant differences in densities
between Pink17- and control mice in the brain regions examined. However, a tendency of
higher mean densities was found in the olfactory bulb (7.2%) of Pink17- mice, while they
tended to be lower in the SN (-4.8%). The results are summarized in Fig. A11A (see
Supplemental Data, Section 8.2.3) and Table 1.

Aza receptors

Regarding A;a receptors, all ROIls were below the detection limit, with the sole exception of
the striatum, where no significant alterations were observed between Pink17- mice and
control mice. However, there was a trend toward higher densities in Pink17- mice (4%; control:
2420 fmol/mg protein; Pink17-: 2517 fmol/mg protein). The results are summarized in Fig.
A11B (see Supplemental Data, Section 8.2.3) and Table 1.
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4, Discussion

The present study focused on the molecular mechanisms of PD by investigating alterations of
19 different receptor binding sites of seven neurotransmitter systems (GABA, glutamate,
acetylcholine, dopamine, serotonin, and adenosine) by means of quantitative in vitro receptor
autoradiography in an established mouse model of the prodromal phase of early-onset PD,
Pink17- mice, and in corresponding control mice. Several significant alterations or tendencies
for down- and upregulated receptors in different brain areas of the limbic (olfactory bulb,
hippocampal regions CA1, CA2/3, and DG) and motor systems (motor cortex, striatum, and
SN) were found in the neurotransmitter receptors investigated.

4.1. GABA receptors

GABAA receptor densities were significantly increased by 19.1% in the hippocampal CA1
region of Pink17- mice. The hippocampus is involved in episodic memory (the what, where,
and when memory) and possibly in their long-term storage, which is thought to be mediated
at least partly by synaptic plasticity (52). In general, GABAa receptors mediate fast
hyperpolarization by inhibition of neuronal excitability via their ClI" channels and are involved
in memory processes, anxiety, and induction of seizures (53). Recently, a magnetic resonance
spectroscopy study demonstrated a correlation between decreased GABA levels in the
hippocampus and cognitive impairments of patients with relapsing-remitting multiple
sclerosis (54). As cognitive impairments have also been observed in PD patients (55), which
affects approximately 20 to 50% of PD patients and varies from subtle cognitive changes to
dementia (55), there may be an association with the changes in GABA receptor densities
observed in the present study. Thus, we propose that the increased receptor densities in this
mouse model of the prodromal phase of PD may be a compensatory mechanism for
potentially decreased GABA levels. Therefore, it would be interesting for a future study to
analyze both GABA levels and active GABA receptors in 3-month-old but also in aged Pink1”-
mice, e.g. by microdialysis, a method to study extracellular neurotransmitter levels, and
receptor autoradiography, respectively, because reduced inhibition could enhance overall
excitability which goes along with increased oxidative stress and neuronal functional
impairment. In addition, behavioral tests should be considered to test correlations between
GABA levels and GABA receptor densities with memory impairments. Depending on the
modulation of GABA action, memory can be either impaired or improved (56). Thus, treatment
options that modulate GABA neurotransmission may be appropriate for cognitively impaired
PD patients.

GABAG: receptor densities using the antagonist [*H]CGP 54626 tended to be downregulated in
all ROIs (between -4.3% in the motor cortex and -11.1% in the hippocampal region CA1) of
Pink1”- mice. This is in contrast to our previous results in the PD models of Parkin, DJ-1, and
Pitx3° mice (13, 14), where significantly increased densities were found in several brain
regions. Although these decreased densities were not statistically significant, this may be an
indication that Pink1 and its loss or disturbance may affect GABAg receptors in a way that has
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not yet been described in the literature, but would be interesting to investigate in future
studies.

4.2. Glutamate receptors

AMPA receptor densities were significantly decreased in the CA1 region of the hippocampus
(-7.8%) of Pink17- mice and tended to be decreased in its CA2/3 (-9.1%) and DG region
(-10.2%). This is in accordance with our previous study, in which these brain regions were
significantly decreased in Parkin knockout mice (14). AMPA receptors mediate fast excitatory
neurotransmission in the CNS and are involved in synaptic plasticity, particularly in the long-
term potentiation that strengthens synapses (57). A balance between the most prominent
inhibitory neurotransmitter GABA and the most prominent excitatory neurotransmitter
glutamate is crucial for normal brain function (58). The decreased AMPA receptor densities
contrast with the described increased GABAa receptor densities in the hippocampus of
Pink17- mice, indicating an imbalance in the GABA-glutamate system. Therefore, we
hypothesize that similar to the increased GABAa receptor densities, the decreased AMPA
receptor densities might be related to the cognitive impairments of PD patients. In this case,
treatment of cognitively impaired PD patients with AMPA receptor potentiators that bind to
allosteric sites on AMPA receptors to slow the desensitization, which in turn increases AMPA
receptor signaling, may be beneficial. However, to restore the balance between GABA and
glutamate, new treatments must be found that take both systems into account.

Kainate receptor densities were significantly downregulated by -8.4% in the SN of Pink17- mice
compared to control mice. In contrast, in our previous study, Parkin and DJ-1 knockout mice
showed significantly increased kainate receptor densities in several cortical areas, which was
thought to reflect kainate-mediated excitotoxicity (14). However, kainate receptors promote
not only excitotoxicity but also microglial activation, synaptic stripping, and
neuroinflammation, all of which are known in PD to contribute to the progression of
neurodegeneration in the SN (4, 59). We hypothesize that the decreased kainate receptor
densities in Pink17- mice, as a model for the prodromal phase of PD in which
neurodegeneration in the SN may not yet be profound, is kept low here by compensatory
mechanisms, e.g. by upregulation of mGluy/s receptors (4). However, it is important to note
that kainate receptors differ functionally depending on whether they are located
presynaptically, postsynaptically, or at extrasynaptic sites. Whereas presynaptic kainate
receptors play a modulatory role in both excitatory and inhibitory neurotransmission,
postsynaptic ones play a role in excitatory neurotransmission, and extrasynaptic ones are
involved in determining the excitability of neurons (60). Because our chosen method, in vitro
receptor autoradiography, cannot distinguish between presynaptic, postsynaptic, and
extrasynaptic receptors, a different experimental approach, e.g. by electrophysiological
studies, must be performed in a future study to prove our hypothesis.

Pink17- mice exhibited significant increases in mGluy/s receptor densities in the hippocampal
CAland DGregions and in the SN. In general, mGluy/zreceptors are involved in spatial memory
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formation in the hippocampus by modulating synaptic plasticity, specifically by stimulating
long-term depression of excitatory synaptic transmission (33). They also play a key role in
reducing glutamate-mediated excitotoxicity by inhibiting glutamate release from axon
terminals (4). Therefore, the increase in mGluy/s receptor densities may reflect a mechanism
that attempts to reduce the activation of ionotropic glutamate receptors (i.e. AMPA, kainate,
and NMDA) and thereby reducing their excitotoxic effects. LY 341,495, which was used in the
present study, is a competitive mGluy/zreceptor antagonist that binds to the same binding site
as agonists without activating the receptor, thereby blocking the action of the agonist (61). As
previously shown, LY 341,495 can be displaced by the orthosteric agonist LY-354,740, both of
which bind with high affinity to the mGluy/s receptor (61). Recently, activation of the mGluyz
receptor with the agonist LY-354,740 (or eglumegad) was shown to reduce both L-DOPA-
induced dyskinesia and psychosis-like behaviors in an animal model of PD (62). This makes the
mGluy/3 receptor a promising target for novel therapeutic applications that may help alleviate
motor and non-motor symptoms in PD patients.

4.3.  Acetylcholine receptors

Lower densities of the nicotinic asB. receptor were previously found in the cortex,
hippocampus, SN, and striatum of PD patients using in vitro receptor autoradiography on
postmortem brain tissue (63, 64). It was hypothesized that decreased nicotinic receptors,
which are frequently found in PD patients with cognitive and depressive symptoms, correlate
with nigrostriatal neurodegeneration. For instance, it was demonstrated that smoking reduces
the risk of developing PD and that nicotine treatment has neuroprotective effects (65). In
addition, dopaminergic neurons in the putamen (part of the striatum) were demonstrated to
be partially activated by nicotinic cholinergic neurons via the B,-subunit of their receptor (10).
Thus, nicotinic acetylcholine receptors could be potential targets for new treatment strategies
of PD, for example, by investigating the therapeutic benefit of agonists of the B;-containing
nicotinic receptors. Because the present study found no statistically significant changes in
Pink17- mice, a mouse model known to lack neurodegeneration in SN, our results may further
support the aforementioned hypothesis.

Muscarinic M; receptors are highly expressed in the hippocampus and are crucial for neuronal
excitability, synaptic plasticity, and cognitive function (e.g. attention and information
processing) (66, 67). Consequently, M1 receptor dysfunction is associated with mild cognitive
impairments in PD patients and other neurodegenerative diseases such as Alzheimer’s (67).
Our results are consistent with these observations, as Pink17- mice exhibited a significant
decrease in M1 receptor densities in the hippocampal CA1 (-7.3%) and DG (-8.8%) regions. As
previously shown, activation of M1 receptors with the selective allosteric agonist GSK1034702
may improve memory encoding, presumably due to modulation of hippocampal function,
which may be a treatment strategy for cognitively impaired AD and PD patients (66, 68).
However, more studies are needed to confirm the benefit of M1 receptor activation. M1
receptor densities in the olfactory bulb of Pink17- mice, although not significantly altered,
tended to be downregulated by -13.4% (1021 + 238 fmol/mg protein in control mice versus
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884 + 251 fmol/mg protein in Pink17- mice). The olfactory bulb is a brain area potentially
involved in olfactory dysfunction, a non-motor symptom that was found in aged Pink17- mice
(26) and PD patients (9). Olfactory dysfunction is often the first (non-motor) feature of PD that
affects approximately 50 to 90% of patients and is associated with altered acetylcholine levels.
This in turn is related to the nucleus basalis of Meynert, which is usually rich in acetylcholine
but is affected by neurodegeneration in PD (9). Thus, the described tendency of
downregulated M1 receptor densities in the olfactory bulb may indicate an association with
olfactory dysfunction.

4.4,  Adrenaline receptors

The as receptor plays important roles in olfaction, cognitive functions (e.g. regulating synaptic
plasticity and memory), and in the regulation of dopaminergic neurotransmission (36).
Noradrenaline is mainly synthesized in the locus coeruleus, which is impaired by
neurodegeneration in PD patients, consequently leading to lower levels of noradrenaline (37,
38). This loss was associated with several motor and non-motor symptoms of PD. Interestingly,
a1 receptor densities tended to be slightly upregulated in the motor cortex (4.9%), whereas
they tended to be slightly downregulated in the striatum (-5.4%) of Pink1”- mice, although
statistical tests found no significances. Nevertheless, while the reduced expression of ai
receptors may be in line with depression, psychosis, and motor deficits in PD, the higher
expression may be a compensatory mechanism in this prodromal phase of PD for reduced
noradrenergic innervation in the motor cortex (69), a brain region involved in planning and
control of voluntary movements.

4.5. Dopamine receptors

D1 receptor densities were significantly decreased by -13.8% in the SN of Pink1”- mice. In
general, dopaminergic D; receptors are involved in locomotor activity, thus the motion and
movement needed to change places, and in learning and memory (39). One of the pathological
hallmarks of PD is the progressive degeneration of dopaminergic neurons in the SN, resulting
in decreased levels of dopamine in the striatum, which causes major motor symptoms (12).
However, dopamine levels in PD patients not only decrease in the striatum but also in the SN
as previously demonstrated by Groger et al. (2014), using magnetic resonance spectroscopy
(70), which also supports our findings of decreased Di receptor densities. By using
immunohistochemical staining for TH as a marker of dopaminergic neurons, a decrease of
25% and 50% was observed in the SN of 6- and 8-month-old Pink1 knockout rats, respectively,
which was accompanied by impairments in motor behavior (71). In contrast,
immunohistochemical staining for TH in the SN of Pink17- mice showed no differences in the
number of TH-positive neurons in 3-month-old (present study), as well as in 6- and 19-month-
old mice (26). It was hypothesized that rats with Pink1 deficiency are more susceptible to age-
related oxidative stress than mice as a result of impaired mitochondrial dynamics (71). Indeed,
the lack of significant degeneration of dopamine-producing neurons in our mouse model is in
line with other knockout mouse models of Pink1 (72, 73) and may also account for their lack
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of major motor symptoms, although subtle gait impairments were found in aged mice (26).
Even if neurodegeneration in Pink17- mice is not significant, the alterations in D1 receptor
densities highlight that the dopaminergic receptor system is already changing in the
prodromal phase of PD, independent of the extent of neurodegeneration.

4.6.  Serotonin receptors

In Pink1”- mice, both 5-HT1a receptor and 5-HT> receptor densities tended to be higher than
in control mice in all brain regions analyzed, however, statistical tests did not reveal any
significance. Both receptor subtypes are involved in the modulation of glutamatergic and
dopaminergic neurotransmission and are altered in various diseases such as anxiety,
depression, and schizophrenia (41). Regarding PD, both increased and decreased 5-HTia and
5-HT,receptor levels were found in PD patients, which also depended in part on whether they
were already treated, on their respective symptoms, and the brain areas analyzed (41).
Moreover, immunohistochemical staining showed that aged Pink1”7 mice (19 months) had
reduced density of serotonergic fibers in the glomerular layer of the olfactory bulb, which may
be related to the observed olfactory dysfunctions of aged Pink1”- mice (26). Taken together,
these data highlight a potentially important role of both receptor subtypes in PD and suggest
the possibility that their densities may change significantly in aged Pink1”- mice. Therefore,
the 3-month-old Pink1”- mice analyzed in the present study may have been too young to
develop significant alterations. Whether there is a link between altered serotonergic receptors
to olfactory dysfunction and mood changes, could be analyzed in aged Pink1” mice in a future
study.

4.7.  Adenosine receptors

Pink17- mice showed a tendency toward downregulated A; receptor densities in the SN
(-4.8%), although no significances were found (p=0.0733). Inhibitory A; receptors were
associated with neuroprotective effects, but their sustained activation is thought to promote
neurodegeneration by cross-talk with excitatory Aza receptors (42). Whether the decreased
densities in the SN are due to possible degenerations of adenosinergic neurons or due to
compensatory mechanisms to counteract neurodegeneration cannot be interpreted from the
present data but would be an interesting subject for a future study.
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5. Conclusion and Synthesis

Parkinson’s disease is the second most common neurodegenerative disease. The progression
of PD is linked to the ongoing degeneration of neurons and consequently with the continuing
loss of synapses and neurotransmitters (74). Neurodegeneration and some non-motor
symptoms occur before the onset of cardinal motor symptoms and thus before the clinical
diagnosis of PD. To date, no treatment is known to halt the progression of the disease, and
those that are available mostly alleviate the motor but not the non-motor symptoms. The
majority of studies in the past focused on alterations in the dopaminergic system, although
recent studies suggested an association between both motor and non-motor symptoms of PD
and alterations in non-dopaminergic systems. However, there is still a large gap of knowledge
in understanding the underlying mechanisms between non-dopaminergic receptor alterations
and the pathogenesis of PD.

Therefore, the present study aimed to perform a comparative analysis of neurotransmitter
receptor densities of seven neurotransmitter systems as well as their regional distribution in
an established mouse model of the prodromal phase of early-onset PD, Pink1”~ mice, and
corresponding control mice. We also aimed to discuss the possible link between receptor
alterations and functional or pathological changes. We hypothesized that alterations in
neurotransmitter receptors in functional systems are already present in the prodromal phase
of PD.

The present study found evidence for this hypothesis by describing alterations in both
dopaminergic and non-dopaminergic receptors in 3-month-old Pink1”~ mice compared to
corresponding control mice. Most notably, GABAax receptor densities were significantly
increased, whereas AMPA receptor densities were significantly decreased in the hippocampal
CA1l region. These changes may be associated with cognitive impairments seen in PD patients,
due to the role of the receptors in synaptic plasticity. The balance between GABA and
glutamate in the brain is crucial for normal brain functioning, and imbalances have been
reported for several neurological and psychiatric diseases (58). Therefore, new treatment
options need to be found to restore the balance between GABA and glutamate in PD.
Regarding the kainate receptor, densities were significantly downregulated in the SN of
Pink1~- mice, whereas mGluy/s receptor densities were significantly upregulated in this brain
area. It was suggested that compensatory mechanisms in the brain might protect from the
progression of neurodegenerative diseases, such as Alzheimer’s and Parkinson’s (75). Since
kainate receptors promote excitotoxicity, microglial activation, synaptic stripping, and
neuroinflammation (4), all of which contribute to the neurodegeneration in PD, we
hypothesize that in this early stage of PD, compensatory mechanisms such as the described
upregulation of mGluys receptors could attenuate kainate-mediated neurotoxic effects. The
present study also demonstrated that dopaminergic D1 receptor densities were significantly
reduced in the SN of Pink1”/~ mice, which is in line with decreased dopamine levels in the SN
of PD patients (70). Although immunohistochemical stainings showed no differences in TH-
positive neurons in both adult (present study) and aged (26) Pink1~”/~ mice, alterations in
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dopaminergic receptors highlight that the system is already changing in the absence of
apparent neurodegeneration. Taken together, these alterations in (non-) dopaminergic
receptors highlight the importance of further investigations in order to find new treatment
strategies for both non-motor and motor symptoms.

Neurotransmitter levels or densities of neurotransmitter receptors may alter differently
depending on the cause (in the case of Mendelian inherited forms), stressor, stage of disease,
age, and/or symptomatology of PD patients (13, 14, 31, 64, 74). In the case of Mendelian
inherited forms of PD, the function of disease-causing genes and their mutations need to be
investigated in physiological and pathological conditions. Moreover, ontogenetic studies of
already established or newly tested PD animal models, which would investigate receptor
alterations in the progression of PD, would be helpful in order to find new disease-halting
treatments, treatment options for non-motor symptoms, or even biomarkers for an early
diagnosis of PD. However, the challenge would be the translation of knowledge from these
studies into developing new treatment interventions or diagnostic tools. Therefore, a
collaboration between different departments such as animal science, neuroscience,
biochemistry, toxicology, and pharmacology would be important in order to find and test new
therapy targets as promising and fast as possible.
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6. Valorization

Parkinson’s disease is a complex, multifactorial disease in which age, environment, and
genetic factors may influence etiology. Treatment options remain limited, especially for the
non-motor symptoms of patients with PD, but these symptoms further limit patients' quality
of life. Because the present data will be made available to the scientific community through
an open-access publication and will also be presented at an international neuroscience
conference, our data can be applied to a broad range of interests, e.g. in neuroscience,
biochemistry, toxicology, and pharmacology communities. This provides an opportunity for
others, in addition to our laboratory, to develop new treatment strategies by identifying
and/or verifying appropriate agonists or antagonists of the respective neurotransmitter
receptors in animal models. In addition, our fundamental research on neurotransmitter
receptor alterations in mouse models of PD could lead to collaborations with biomedical and
neuroscience institutes or pharmacological companies to further investigate neurotransmitter
receptor alterations and potential treatment candidates. Together, this could lead to clinical
trials in which the new treatment options could be tested in PD patients, eventually leading
to patenting and commercialization of the respective treatment options. Ultimately, new
therapeutic interventions that are made available will benefit Parkinson’s patients and
significantly improve their quality of life, which will also benefit society.
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8. Supplemental Information

8.1.

8.1.1.

Supplemental Material and Methods
Preparation of sections

Cryostat Leica CM3050 (Leica Biosystems Vertrieb GmbH, Wetzlar, Germany)
Isopentane (Honeywell GmbH, Seelze, Germany)

Silan-coated glass slides (76x26 mm, Starfrost, Germany)

Tissue-Tek® (Sakura Finetek Germany GmbH, Staufen im Breisgau, Germany)

Receptor autoradiography: measurement of [*H] concentration

Liquid Scintillation Counter Hidex 300 SL (Hidex, Turku, Finland)
Liquid Scintillation Counter Cocktail AqualLight Beta (Hidex, Turku, Finland)

Receptor autoradiography: buffers and solutions

Adenosine deaminase (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Ascorbic acid (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Acetone (VWR International, Langenfeld, Germany)

Calcium acetate (Ca-acetate) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Calcium chloride dihydrate (CaCl,x 2 H,0) (Merck KGaA, Darmstadt, Germany)

Citric acid (VWR International, Langenfeld, Germany)

D-Glucose (VWR International, Langenfeld, Germany)

Ethylenediaminetetraacetic acid dihydrate (EDTA x 2 H,0) (Sigma-Aldrich Chemie
GmbH, Steinheim, Germany)

Glutamic acid (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Glutaraldehyde (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Glycine (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Guanosine 5'-[B,y-imido]triphosphate trisodium salt hydrate (Gpp(NH)p) (Sigma-
Aldrich Chemie GmbH, Steinheim, Germany)

HEPES (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Magnesium chloride hexahydrate (MgCl, x 6 H20) (VWR International, Langenfeld,
Germany)

Magnesium sulfate (MgS0a4) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Manganese(ll) chloride tetrahydrate (MnCl, x 4 H,0) (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany)

Mianserin (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Phenylmethanesulfonyl fluoride (PMSF) (Sigma-Aldrich Chemie GmbH, Steinheim,
Germany)

Potassium bromide (KBr) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Potassium chloride (KCl) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
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Potassium phosphate monobasic (KH2PO4) (VWR International, Langenfeld, Germany)
Potassium thiocyanate (KSCN) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Sodium bicarbonate (NaHCO3s) (VWR International, Langenfeld, Germany)

Sodium chloride (NaCl) (VWR International, Langenfeld, Germany)

Sodium phosphate dibasic dihydrate (Na;HPOs x 2 H,0) (VWR International,
Langenfeld, Germany)

Spermidine (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Tris (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Tris-acetate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Tris-HCI (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

Receptor autoradiography: [3H]ligands

AMPA (Perkin Elmer, Rodgau, Germany)

CGP 54626 (Biotrend Chemikalien GmbH, Kéln, Germany)
4-DAMP (Perkin Elmer, Rodgau, Germany)

DPCPX (Perkin Elmer, Rodgau, Germany)

Epibatidine (Perkin ElImer, Rodgau, Germany)

Fallypride (Institute for Nuclear Chemistry, Johannes Gutenberg Universitdt Mainz,
Mainz, Germany)

Flumazenil (Perkin Elmer, Rodgau, Germany)

Kainic acid (Perkin Elmer, Rodgau, Germany)

Ketanserin (Perkin ElImer, Rodgau, Germany)

LY 341495 (Biotrend Chemikalien GmbH, Kdln, Germany)
MK-801 (Perkin Elmer, Rodgau, Germany)

Muscimol (Perkin Elmer, Rodgau, Germany)

8-OH-DPAT (Perkin Elmer, Rodgau, Germany)
Oxotremorine-M (Perkin EImer, Rodgau, Germany)
Pirenzepine (Perkin ElImer, Rodgau, Germany)

Prazosin (Perkin ElImer, Rodgau, Germany)

Raclopride (Perkin Elmer, Rodgau, Germany)

SCH 23390 (Perkin Elmer, Rodgau, Germany)

ZM 241385 (Biotrend Chemikalien GmbH, K6ln, Germany)

Receptor autoradiography: displacers

Atropine sulphate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

(+)Butaclamol hydrochloride (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Carbamyolcholine chloride (Carbachol) (Sigma-Aldrich Chemie GmbH, Steinheim,
Germany)

CGP 55845 (Biotrend Chemikalien GmbH, KéIn, Germany)

2-Chloroadenosine (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
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8.1.7.

Clonazepam (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

GABA (Biotrend Chemikalien GmbH, K6In, Germany)

Haloperidol (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

L-Glutamic acid (Sigma-Aldrich Chemie, Steinheim, Germany)

Mianserin HCI (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

(+)MK 801 (Biotrend Chemikalien GmbH, K&ln, Germany)

Nicotine-di-d-tartrate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Phentolamine mesylate (Biotrend Chemikalien GmbH, Kéln, Germany)
Pirenzepine dihydrochloride (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
R-phenyl-iso-propyl-adenosine (R-(-)-PIA) (Sigma-Aldrich Chemie GmbH, Steinheim,
Germany)

Serotonin HCI (5-HT) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

SKF 83566 (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

SYM 2081 (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

(+)Quisqualate (Biotrend Chemikalien GmbH, Kdln, Germany)

Film exposition and development

BioMax MR Film (Carestream, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
GBX-Developer (Kodak, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

GBX-Fixer (Kodak, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Hyperprocessor SRX-101A (Amersham Biosciences, GE Healthcare Europe GmbH,
Freiburg im Breisgau, Germany)

Radioactive microscales (self-made in November 2011, Research Center lJiilich, Jilich,
Germany)

Digital processing of autoradiographic films

AxioVision image analyzing software Rel. 4.8.2 (Carl Zeiss Microscopy GmbH,
Oberkochen, Germany)
Digital camera AxioCam HRm (Carl Zeiss Microscopy GmbH, Oberkochen, Germany)

Histological staining: solutions

Acetic acid (CH3COOH) (VWR International, Langenfeld, Germany)

Ammonium nitrate (NHsNOs) (VWR International, Langenfeld, Germany)

Cresyl violet acetate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

DPX (dibutylphthalate polystyrene xylene) mountant for histology (Fluka, Sigma-
Aldrich Chemie GmbH, Steinheim, Germany)

4% Formaldehyde solution (w/v) (VWR International, Langenfeld, Germany)

Formic acid (VWR International, Langenfeld, Germany)

Hydrogen peroxide (H202) (VWR International, Langenfeld, Germany)

2-Propanol (VWR International, Langenfeld, Germany)
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e Sodium acetate (NaCH3COO) (VWR International, Langenfeld, Germany)
e Sodium carbonate (Na>COs) (VWR International, Langenfeld, Germany)
e Silver nitrate (AgNOs3) (VWR International, Langenfeld, Germany)

e Tungstosilicic acid hydrate (VWR International, Langenfeld, Germany)

e T-MAX (Kodak, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

e Xylene (VWR International, Langenfeld, Germany)

8.1.9. Immunohistochemical staining

e Antibodies & Fluorescent Dyes
o anti-GABA-rabbit (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
o anti-glutamine synthetase, rabbit (Sigma-Aldrich Chemie GmbH, Steinheim,
Germany)
anti-tyrosine hydroxylase, chicken (abcam, Cambridge, United Kingdom)
goat-anti-chicken Alexa-Fluor 488 (Jackson ImmunoResearch Laboratories,
West Grove, USA)
o goat-anti-rabbit-Cy-3 conjugated (Jackson ImmunoResearch Laboratories,
West Grove, USA)
o DAPI - Hoechst (Thermo Fisher Scientific GmbH, Dreieich, Germany)
e Solutions
o Fluoromount G (SouthernBiotec, Birmingham, USA)
Normal goat serum (Vector Laboratories, Burlingame, USA)
Phosphate-buffered saline (PBS) (VWR International, Langenfeld, Germany)
Saponin (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

O O O
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8.1.10. Standard protocols: histological staining

Table Al: Procedure of Nissl staining using cresyl violet acetate. The cresyl violet acetate solution was filtered
before use. It is long lasting if prepared in a tinted glass bottle and can be used multiple times.

Procedure Solution Preparation for 500ml: Conditions
Fixation 4% Formalin At least 30min
Rinsing Distilled water 15min

Staining (regressive)

Cresyl violet acetate

Cresyl violet acetate solution:
500ml Distilled water

+2.7g Sodium acetate
(CHsCOONa)

+4.7ml 100% Acetic acid

+ 0.5g Cresyl violet acetate

2—-12min;
depending on
the tissue

Rinse off excess dye with distilled water squeeze bottle.

Rinsing Distilled water Dip for approx.
5sec
Differentiation (1) 70% 2-Propanol 150ml 100% 2-Propanol 1min, 3 dips
+ 350ml Distilled water
Differentiation (2) 70% 2-Propanol see above 1min, 3 dips
Differentiation (3) 96% 2-Propanol 20ml 100% 2-Propanol 1—-20min;

+ 480ml Distilled water

check sections
regularly under
microscope

Dehydration (1)

100% 2-Propanol

Dehydration (2)

100% 2-Propanol

Intermedium

Xylene

At least 10min

Mounting

DPX

Table A2: Procedure of Nissl staining by Merker (47). All solutions were prepared the week before the
experiment. Performic acid and stock solution A were stored at 4°C, while the other solutions were stored at
22°C. All stock solutions (A, B, and C) were prepared in tinted glass bottles. The development solution was used
only once per batch and was always mixed immediately before the procedure. All other solutions were used for
every batch (6 in total).

Procedure Solution Preparation for 500ml: Conditions
Fixation 4% Formalin At least 30min
Rinsing Running 20 —-30min
demineralized water
Acid cleaning (1) 4% Formic acid 480ml Distilled water 20min;
+20ml 100% Formic acid protected from
light
Acid cleaning (2) Performic acid 350ml Distilled water 40min;
+112.5ml 30% Hydrogen peroxide protected from
+37.5ml 100% Formic acid light
Rinsing Running 20 —-30min
demineralized water
Incubation 1% Acetic acid 445m| Distilled water 2 x 5min
+5ml ~100% Acetic acid
Development A+B+C 250ml Stock solution A 10 - 30min; dip

+ 75ml Stock solution B
+ 175ml Stock solution C

For stock solution A:
500ml Distilled water
+25g Sodium carbonate (Na2COs)

every 30sec;
keep sections
under light
(lamp); as soon
as sections get
darker check

48



For stock solution B:

500ml Distilled water

+ 1g Ammonium nitrate (NHaNO3)
+ 1g Silver nitrate (AgNO3)

+ 5g Tungstosilicic acid hydrate
For stock solution C:

500m| Distilled water

+ 1g Ammonium nitrate (NHaNO3)
+ 1g Silver nitrate (AgNOs)

+ 5g Tungstosilicic acid hydrate
+3.65ml 37% Formaldehyde solution

them regularly
under
microscope

Stop of development (1)

1% Acetic acid

see above

1min, 5 dips

Stop of development (2)

1% Acetic acid

see above

4min

Rinsing

Running
demineralized water

5min

Fixation T-MAX 400ml Distilled water 2min; protected
+100mI T-MAX from light
Rinsing Running 5min
demineralized water
Dehydration (1) 70% 2-Propanol 150ml 100% 2-Propanol 5min
+ 350ml Distilled water
Dehydration (2) 96% 2-Propanol 20ml 100% 2-Propanol 5min
+480ml Distilled water
Dehydration (3) 100% 2-Propanol 5min
Intermedium Xylene 3 x 5min
Mounting DPX
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8.1.11. Standard protocols: receptor autoradiography

Table A3: Receptor binding protocols of [3H]ligands, displacers (marked with *), and incubation conditions.

Receptor subtype/ Procedure Incubation buffer Incubation conditions
[3H]ligand
AMPA Pre-incubation 50mM Tris-acetate (pH 7.2) 3 x 10min at 4°C
[BHJAMPA Main incubation 50mM Tris-acetate (pH 7.2) 45min at 4°C
+100mM KSCN
+10nM [*H]JAMPA
+ 10um Quisqualate*
1% rinsing 50mM Tris-acetate (pH 7.2) 4 x 4sec at 4°C
2" rinsing 2.5% Glutaraldehyde in acetone 2 x 2sec at 22°C
Kainate Pre-incubation 50mM Tris-citrate (pH 7.1) 3 x 10min at 4°C
[3H]Kainic acid Main incubation  50mM Tris-citrate (pH 7.1) 45min at 4°C

+ 10mM Calcium acetate
+9.4nM [3H]Kainic acid
+100uM SYM 2081*

1% rinsing 50mM Tris-citrate (pH 7.1) 3 x4sec at 4°C
2" rinsing 2.5% Glutaraldehyde in acetone 2 x 2sec at 22°C
NMDA Pre-incubation 50mM Tris-HCl (pH 7.2) 15min at 4°C
[H]MK-801 + 50uM Glutamate
Main incubation  50mM Tris-HCI (pH 7.2) 60min at 22°C
+ 50uM Glutamate
+ 30uM Glycine
+ 50uM Spermidine
+3.3nM [*H]MK-801
+100uM MK 801
1% rinsing 50mM Tris-HCl (pH 7.2) 2 x 5min at 4°C
+ 50uM Glutamate
2" rinsing Distilled water 1dip at4°C
mGlu2/3 Pre-incubation Phosphate buffer (pH 7.6) 2 x 5min at 22°C
[3H]LY 341495 (137mM NaCl; 2.7mM KCl;
4.3mM Na2HPOx2H20;
1.4mM KH2POa)
Main incubation Phosphate buffer (pH 7.6) 60min at 4°C
+100mM KBr
+1nM [BH]LY 341495
+1mM L-Glutamate*
1%t rinsing Phosphate buffer (pH 7.6) 2 x 5min at 4°C
2" rinsing Distilled water 1dip at4°C
GABAA Pre-incubation 50mM Tris-citrate (pH 7.0) 3 x5minat4°C
[3H]Muscimol Main incubation  50mM Tris-citrate (pH 7.0) 40min at 4°C
+7.7nM [3*H]Muscimol
+10uM GABA*
1%t rinsing 50mM Tris-citrate (pH 7.0) 3 x3secat4°C
2" rinsing Distilled water 1dip at4°C

GABAs
[*HICGP 54626

Pre-incubation

Main incubation

1%t rinsing

2" rinsing

50mM Tris-HCl (pH 7.2)
+2.5mM CaCl;

50mM Tris-HCl (pH 7.2)
+2.5mM CacCly

+2nM [*H]CGP 54626
+100uM CGP 55845*
50mM Tris-HCI (pH 7.2)
+2.5mM CaCl;
Distilled water

3 x5min at 4°C

60min at 4°C

3 x 2sec at 4°C

1dip at4°C
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BZ
[*H]Flumazenil

Pre-incubation
Main incubation

170mM Tris-HCI (pH 7.4)
170mM Tris-HCI (pH 7.4)
+ 1nM [3H]Flumazenil

+ 2uM Clonazepam*

15min at 4°C
60min at 4°C

1%t rinsing 170mM Tris-HCl (pH 7.4) 2 x Imin at 4°C
2" rinsing Distilled water 1dip at4°C
M Pre-incubation Modified Krebs buffer (pH 7.4) 15min at 4°C

[®H]Pirenzepine

Main incubation

1t rinsing
2" rinsing

(5.6mM KCI; 30.6mM NacCl;
1.2mM MgSO0a4; 1.4mM KH2PO4;

5.6mM D-Glucose; 5.2mM NaHCOs;

2.5mM CaCl2)

Modified Krebs buffer (pH 7.4)
+10nM [3H]Pirenzepine

+ 2uM Pirenzepine dihydrate*
Modified Krebs buffer (pH 7.4)
Distilled water

60min at 22°C

2 x Imin at 4°C
1dipat4°C

M2
[3H]Oxotremorine-M

Pre-incubation

Main incubation

1t rinsing

2" rinsing

20mM HEPES-Tris (pH 7.5)
+10mM MgCl,

20mM HEPES-Tris (pH 7.5)
+10mM MgCl>

+1.7nM [3H]Oxotremorine-M
+ 10uM Carbachol*

20mM HEPES-Tris (pH 7.5)
+10mM MgCl,

Distilled water

20min at 22°C

60min at 22°C

2 x2min at 4°C

1dipat4°C

Ms
[3H]4-DAMP

Pre-incubation

Main incubation

1%t rinsing

2" rinsing

50 mM Tris-HCI (pH 7.4)
+ 0.1 mM PMSF

+1 mM EDTA

50 mM Tris-HCI (pH 7.4)
+0.1 mM PMSF

+1 mM EDTA

+1nM [3H]4-DAMP

+ 10uM Atropine sulphate*
50 mM Tris-HCI (pH 7.4)
+0.1mM PMSF

+1mM EDTA

Distilled water

15min at 22°C

45min at 22°C

2 x 5min at 4°C

1dip at4°C

Nicotinic o2
[®H]Epibatidine

Pre-incubation

Main incubation

1% rinsing

2" rinsing

15mM HEPES (pH 7.5)
+120mM Nadcl,
+5.4mM KClI
+0.8mM MgCl,
+1.8mM CaCly

15mM HEPES (pH 7.5)
+120mM NacCl
+5.4mM KCI
+0.8mM MgCl>
+1.8mM CaCly
+0.11nM [*H]Epibatidine
+100uM Nicotine*
15mM HEPES (pH 7.5)
+120mM NacCl
+5.4mM KCI
+0.8mM MgCl>
+1.8mM CaCly
Distilled water

20min at 22°C

90min at 4°C

5min at 4°C

1dipat4°C
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a1
[3H]Prazosin

Pre-incubation
Main incubation

1t rinsing
2" rinsing

50mM Na/K-phosphate buffer (pH 7.4)
50mM Na/K-phosphate buffer (pH 7.4)
+0.09nM [3H]Prazosin

+ 10uM Phentolamine mesylate*
50mM Na/K-phosphate buffer (pH 7.4)
Distilled water

15min at 22°C
60min at 22°C

2 x 5min at 4°C
1dip at4°C

5-HTia
[H]8-OH-DPAT

Pre-incubation
Main incubation

170mM Tris-HCI (pH 7.7)
170mM Tris-HCl (pH 7.7)
+0.01% Ascorbate
+4mM CaCl,

+0.3nM [3H]8-OH-DPAT
+ 1uM 5-HT*

30min at 22°C
60min at 22°C

1t rinsing 170mM Tris-HCl (pH 7.7) 5min at 4°C
2" rinsing Distilled water 3 dipsat 4°C
5-HT: Pre-incubation 170mM Tris-HCI (pH 7.7) 30min at 22°C
Main incubation 170mM Tris-HCl (pH 7.7) 120min at 22°C
+1.14nM [3H]Ketanserin
+ 10uM Mianserin*
1% rinsing 170mM Tris-HCl (pH 7.7) 2 x 10min at 4°C
2" rinsing Distilled water 3 dipsat 4°C
D1 Pre-incubation 50mM Tris-HCI (pH 7.4) 20min at 22°C

[*H]ISCH 23390

Main incubation

1%t rinsing

2" rinsing

+120mM NacCl

+5mM KCI

+2mM CaClz

+ 1mM MgCl

50mM Tris-HCI (pH 7.4)
+120mM NaCl

+5mM KCl

+2mM CaClz

+1mM MgCl,

+ 1uM Mianserin
+1.67nM [3H]SCH 23390
+ 1uM SKF 83566*
50mM Tris-HCI (pH 7.4)
+120mM NacCl

+5mM KCl

+2mM CaClz

+1mM MgCl,

Distilled water

90min at 22°C

2 x 10min at 4°C

1dipat4°C

D2
[3H]Raclopride

Pre-incubation

Main incubation

15t rinsing

2" rinsing

50mM Tris-HCl (pH 7.4)
+ 150mM NaCl

+0.1% Ascorbate
50mM Tris-HCl (pH 7.4)
+150mM NacCl

+0.1% Ascorbate
+0.55nM [*H]Raclopride
+ 1uM Butaclamol*
50mM Tris-HCI (pH 7.4)
+ 150mM NacCl

+0.1% Ascorbate
Distilled water

20min at 22°C

45min at 22°C

6 x Imin at 4°C

1dip at4°C

D23
[*H]Fallypride

Pre-incubation

Main incubation

50mM Tris-HCl (pH 7.4)
+5mM KCI

+120mM NacCl

50mM Tris-HCI (pH 7.4)
+5mM KCI

+120mM NacCl

+4nM [3H]Fallypride

30min at 22°C

60min at 37°C
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+ 10uM Haloperidol*

1% rinsing 50mM Tris-HCI (pH 7.4) 2 x 2min at 4°C
+5mM KCI
+120mM NacCl
2" rinsing Distilled water 1dip at4°C
A1 Pre-incubation 170 mM Tris-HCI (pH 7.4) 15min at 4°C
[BH]DPCPX + 2 Units/L Adenosine Deaminase
Main incubation 170 mM Tris-HCI (pH 7.4) 120min at 22°C
+ 2 Units/L Adenosine Deaminase
+100uM Gpp(NH)p
+1nM [3H]DPCPX
+100uM R-PIA*
1t rinsing 170 mM Tris-HCI (pH 7.4) 2 x 5min at 4°C
+ 2 Units/L Adenosine Deaminase
2" rinsing Distilled water 1 dip at 4°C
Azn Pre-incubation 170mM Tris-HCI (pH 7.4) 30min at 37°C

[3H]Zzm 241385

1% rinsing

Main incubation

2" rinsing
3" rinsing

+1mM EDTA x 2 H.0

+ 2 Units/l Adenosine Deaminase
170mM Tris-HCl (pH 7.4)
+10mM MgCl2 x 6 H20

170mM Tris-HCl (pH 7.4)
+10mM MgCl2 x 6 H20

+ 2 Units/l Adenosine Deaminase
+0.42nM [3H]ZM 241385

+ 20uM 2-Chloro-Adenosine*
170mM Tris-HCI (pH 7.4)
Distilled water

2 x 10min at 22°C

120min at 22°C

2 X 5min at 4°C
1dipat4°C

8.1.12. Exposure time

Table A4: Exposure times for [3H]ligands.

[3H]ligand Exposure time (weeks)
[BH]JAMPA 15
[3H]CGP 54626 10
[3H]4-DAMP 9
[*H]DPCPX 10
[*H]Epibatidine 15
[®H]Fallypride 15
[*H]Flumazenil 9
[*H]Kainic acid 12
[®H]Ketanserin 15
[BH]LY 341495 10
[BH]MK-801 12
[BH]Muscimol 12
[3H]8-OH-DPAT 15
[3H]Oxotremorine-M 15
[H]Pirenzepine 12
[3H]Prazosin 15
[*H]Raclopride 15
[3H]SCH 23390 15
[3H]ZM 241385 15
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8.2.  Supplemental Data

8.2.1. Raw Data

Table A5: GABAA receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*H]Muscimol

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 2469 | 2294 | 2000 | 2480 | 1237 | 1534 | 1808 | 1849 | 818 716 | 1650 | 1613 | 803 700
30189372 | control | 2446 - 1646 | 1754 | 1036 | 1014 | 1216 | 1255 | 657 604 | 1402 | 1373 | 719 684
30189408 | control | 3620 | 3555 | 2189 | 2566 | 1359 | 1330 | 1837 | 1949 | 749 951 | 1599 | 1714 | 1029 | 1099
30189465 | control | 3329 | 2992 | 2110 | 2620 | 1345 | 1368 | 2232 | 2101 | 938 865 | 2089 | 2019 | 1173 | 879
30190808 | control | 3121 | 2919 | 2005 | 1926 | 1193 | 1230 | 1995 | 2056 | 808 877 | 1796 | 1866 | 1005 | 968
30190809 | control | 2773 | 2662 | 2137 | 1917 | 1042 | 1053 | 1991 | 1707 | 805 841 | 1562 | 1513 | 821 761
30190810 | control | 2446 | 2597 | 2637 | 2970 | 1422 | 1388 | 2379 | 2342 | 937 974 | 2214 | 2173 | 1293 | 1176
30190811 | control | 3234 | 3205 | 2371 | 2623 | 1129 | 1089 | 1438 | 1597 | 690 762 | 1490 | 1428 | 741 904
30190812 | control | 2392 | 2051 | 760 | 1500 | 1141 | 982 | 1293 | 1776 | 783 772 | 1510 | 1840 | 1025 | 932
30191181 | control | 2445 | 2131 | 2833 | 2220 | 1292 | 1113 | 2342 | 2529 | 1041 | 1050 | 2005 | 2183 | 1253 | 984

MD +SD | 27731471 2163 £ 517 1215+ 159 1885 + 386 8321123 1752 + 280 947 + 186

Table A6: GABAA receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of Pink17-mice. Ligand: [*H]Muscimol

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1™- | 2806 | 2975 | 2540 | 2422 | 1548 | 1453 | 1766 | 2129 | 859 925 | 1862 | 2004 | 726 641
30189373 | Pink1~/- | 1883 | 2024 | 1859 | 2064 | 1185 | 1273 | 2062 | 2005 | 902 842 | 1944 | 1944 | 974 | 1032
30189376 | Pink1™- | 3156 | 3541 | 2987 | 2552 | 1530 | 1578 - - - - - - 1173 | 1360
30189381 | Pink1~/- | 2612 | 3030 | 2079 | 1897 | 1116 | 1217 | 1592 | 1820 | 785 821 | 1526 | 1523 | 948 746
30189387 | Pink1- | 2557 | 2537 | 2908 | 2780 | 1538 | 1560 | 2116 | 2316 | 853 918 | 1824 | 1942 | 1190 | 1207
30189407 | Pink1~/- | 3213 | 3071 | 2774 | 2908 | 1465 | 1519 | 2564 | 2650 | 1138 | 1098 | 2359 | 2360 | 1045 | 895
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30189539 | Pink1~/- | 2153 | 2976 | 2214 | 2652 | 1195 | 1323 | 2493 | 2345 | 1133 | 1002 | 2109 | 1874 | 820 713
30189591 | Pink1™- | 1804 | 2211 | 2309 | 2027 | 1215 | 1098 | 2358 | 2208 | 978 867 | 1979 | 1902 | 1250 | 1083
30189592 | Pink1~/~ | 3023 | 3105 | 2654 | 2849 | 1701 | 1534 | 2837 | 3179 | 1247 | 1155 | 2724 | 2837 | 1053 | 1075
30190641 | Pink1™- | 2250 | 1864 | 1437 | 1758 | 1097 | 1032 | 2058 | 1915 | 956 784 | 1949 | 1832 | 774 493
MD +SD | 2640 +523 2384 + 447 1359+ 204 2245 + 397 959 + 140 2027 + 347 960 * 229

Table A7: BZ binding site densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of control mice.

Ligand: [*H]Flumazenil

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 5012 | 4973 | 3576 | 3990 | 920 | 1048 | 4859 | 5021 | 2471 | 2587 | 4138 | 4341 | 3058 | 3730
30189372 | control | 4687 - 3821 | 3814 | 969 | 915 | 4589 | 4493 | 2378 | 2144 | 3861 | 3863 | 3199 | 3284
30189408 | control | 4552 | 4731 | 3965 | 3718 | 1013 | 970 | 4562 | 4594 | 2203 | 2500 | 3776 | 3950 | 5288 | 5406
30189465 | control | 4860 | 4876 | 3806 | 3895 | 958 | 979 | 5245 | 5009 | 2508 | 2426 | 4360 | 4225 | 4460 | 4210
30190808 | control | 5045 | 5183 | 4206 | 4027 | 1130 | 1100 | 5008 | 4904 | 2837 | 2824 | 4517 | 4407 | 4796 | 4688
30190809 | control | 4954 | 4794 | 4289 | 4306 | 1097 | 1111 | 5326 | 5301 | 3085 | 3054 | 4663 | 4694 | 3949 | 4212
30190810 | control | 4460 | 4347 | 3964 | 3855 | 1045 | 960 | 4990 | 4862 | 2935 | 2745 | 4555 | 4533 | 4960 | 5084
30190811 | control | 4664 | 4762 | 3866 | 3799 | 961 | 986 | 4412 | 4403 | 2333 | 2426 | 4147 | 4081 | 5255 | 5192
30190812 | control | 3925 | 3987 | 3488 | 2943 | 963 | 941 | 4711 | 4567 | 2594 | 2416 | 4149 | 4225 | 4201 | 4095
30191181 | control | 4576 | 4664 | 3894 | 3599 | 1031 | 1014 | 5354 | 4836 | 2884 | 2341 | 4664 | 4475 | 5250 | 4835

MD +SD | 4687 +332 3841 + 301 1006 * 65 4852 + 306 2585 + 275 4281 + 285 4458 + 739

Table A8: BZ binding site densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of Pink17 mice.

Ligand: [*H]Flumazenil

OB M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1”/- | 4760 | 4931 | 4106 | 4023 | 1048 | 986 | 4751 | 5109 | 2362 | 2291 | 4190 | 4427 | 4256 | 4167
30189373 | Pink17- | 4404 | 4198 | 4058 | 4286 | 1061 | 1043 | 4765 | 4848 | 2464 | 2480 | 3983 | 4067 | 4565 | 4639
30189376 | Pink1~/- | 4298 | 4551 | 3923 | 3807 | 900 | 914 - - - - - - 3684 | 4105
30189381 | Pink1™- | 4475 | 4607 | 3972 | 3985 | 1008 | 952 | 5016 | 5225 | 2753 | 2825 | 4322 | 4404 | 4486 | 4850
30189387 | Pink1”/- | 4640 | 4542 | 4139 | 4236 | 1024 | 1002 | 5094 | 5112 | 2596 | 2618 | 4569 | 4527 | 5237 | 5058
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Table A9: GABAs receptor densities (fmol/mg protein) and mean (MD)

[*H]CGP 54626

30189407 | Pink1™~ | 4820 | 5022 | 4559 | 4429 | 1194 | 1193 | 4872 | 4964 | 2756 | 2650 | 4402 | 4285 | 5203 | 4638
30189539 | Pink1”/~ | 4543 | 4823 | 4311 | 4146 | 1156 | 1072 | 5328 | 5318 | 2831 | 2946 | 4885 | 4624 | 4149 | 4025
30189591 | Pink1™~ | 4551 | 4750 | 3986 | 4177 | 1053 | 1124 | 4994 | 4970 | 2698 | 2841 | 4383 | 4470 | 4593 | 4276
30189592 | Pink1”/~ | 4766 | 4850 | 3765 | 3828 | 1099 | 1094 | 4894 | 4659 | 2488 | 2501 | 4201 | 4009 | 5232 | 5007
30190641 | Pink1~ | 4489 | 4717 | 3868 | 3890 | 1001 | 1007 | 4830 | 4587 | 2544 | 2390 | 4102 | 3997 | 3717 | 3914
MD +SD | 4637 +211 4075+ 213 1047 + 82 4963 + 211 2613 + 187 4325 + 246 4490 * 495

standard deviation (SD) in

brain regions (left and right hemisphere) of control mice. Ligand:

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 531 | 490 | 1232 | 1253 | 544 | 652 | 1137 | 880 | 1470 | 1203 | 1416 | 1241 | 799 | 667
30189372 | control | 440 - 1299 | 1232 | 655 | 630 | 996 | 966 | 1213 | 1121 | 1353 | 1305 | 721 | 640
30189408 | control | 537 | 516 | 1060 | 1054 | 610 | 631 | 944 | 1068 | 1321 | 1363 | 1231 | 1262 | 763 | 808
30189465 | control | 448 | 493 | 1082 | 1073 | 570 | 563 | 886 | 843 | 1107 | 1016 | 1152 | 1074 | 623 | 744
30190808 | control | 478 | 498 | 1106 | 1213 | 640 | 665 | 1053 | 1061 | 1307 | 1362 | 1329 | 1273 | 807 | 727
30190809 | control | 407 | 445 | 1136 | 985 | 604 | 561 | 878 | 942 | 1140 | 1132 | 1004 | 1120 | 756 | 777
30190810 | control | 334 | 371 | 1060 | 1180 | 578 | 602 | 872 | 918 | 1132 | 1145 | 1121 | 1186 | 526 | 619
30190811 | control | 470 | 457 | 1293 | 1350 | 650 | 635 | 1101 | 992 | 1279 | 1233 | 1422 | 1326 | 668 | 723
30190812 | control | 368 | 325 | 1049 | 875 | 501 | 419 | 766 | 762 | 1090 | 1093 | 1072 | 959 | 532 | 399
30191181 | control | 304 | 299 | 972 | 1027 | 449 | 418 | 773 | 738 | 1013 | 990 | 1003 | 991 | 637 | 631

MD * SD 43277 1127 £ 125 57978 929+ 119 1186+ 130 1192 + 145 678 £ 107

Table A10: GABAs receptor densities (fmol/mg protein)

[*H]CGP 54626

and mean (MD) * standard deviation (SD) in brain regions

(left and right

hemisphere) of Pink1”- mice. Ligand:

OB M1 CPu CA1 CA2/3 DG SN
animal group left | right | left | right | left | right left |right| left | right | left | right | left | right
30189346 | Pink1- | 461 482 | 1270 | 1372 | 653 660 | 1006 | 917 | 1229 | 1068 | 1312 | 1299 | 647 658
30189373 | Pink1/- | 447 | 422 | 1289 | 1193 | 584 | 562 876 | 838 | 1187 | 1091 | 1209 | 1164 | 684 564

56



30189376 | Pink1”/~ | 388 386 | 1110 | 1030 | 542 547 - - - - - - 752 739
30189381 | Pink1/- | 421 437 | 1158 | 1116 | 665 650 842 857 | 1141 | 1074 | 989 | 1101 | 753 749
30189387 | Pink1/- | 453 463 | 1049 | 1033 | 573 523 940 909 | 1207 | 1185 | 1211 | 1183 | 748 648
30189407 | Pink1™~ | 480 456 920 | 1098 | 592 503 819 766 | 964 | 1016 | 1116 | 1053 | 641 612
30189539 | Pink1~/~ | 430 458 | 1153 | 1247 | 560 607 918 877 | 1109 | 1034 | 1214 | 1147 | 508 546
30189591 | Pink1- | 359 374 | 874 923 429 411 766 730 | 1075 | 891 | 1015 | 978 594 506
30189592 | Pink1~/- | 331 326 839 985 416 440 679 845 | 1020 | 1034 | 889 | 1022 | 544 572
30190641 | Pink1™- | 274 295 934 960 462 449 595 687 | 841 865 829 918 548 551
MD +SD 407 + 62 1078 + 149 541 + 85 826 + 105 1057 + 114 1092 + 139 628 + 86

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 1111 | 1166 | 1664 | 1856 | 1264 | 1362 | 5238 | 5255 | 3071 | 3246 | 3228 | 3157 | 350 | 404
30189372 | control | 1086 - 1953 | 1899 | 1698 | 1610 | 6011 | 5924 | 3115 | 3423 | 3891 | 3927 | 575 | 538
30189408 | control | 1160 | 1343 | 1882 | 2053 | 1651 | 1674 | 7334 | 6666 | 4701 | 3708 | 4690 | 3826 | 485 | 397
30189465 | control | 1207 | 1259 | 1432 | 1571 | 1177 | 1225 | 6319 | 6815 | 3326 | 3827 | 3759 | 4276 | 454 | 409
30190808 | control | 967 | 909 | 1161 | 1230 | 985 | 983 | 4711 | 4823 | 2651 | 2778 | 2949 | 2796 | 411 | 428
30190809 | control | 823 | 892 | 1304 | 1432 | 1116 | 1130 | 6360 | 5623 | 3540 | 3242 | 3529 | 3084 | 371 | 335
30190810 | control | 840 | 838 | 1230 | 1327 | 1017 | 1104 | 5844 | 6660 | 3808 | 3786 | 3347 | 3724 | 392 | 393
30190811 | control 912 1034 | 1650 | 1721 | 1285 | 1369 | 5140 | 4456 | 2584 | 2437 | 3174 | 2623 | 413 408
30190812 | control | 1404 | 1393 | 1740 | 1723 | 1571 | 1475 | 5858 | 5748 | 3331 | 3536 | 4082 | 4271 | 507 | 545
30191181 | control | 1279 | 1387 | 1853 | 2066 | 1567 | 1714 | 8009 | 7883 | 5488 | 5058 | 5372 | 5426 | 586 | 655

MDSD | 1106 %204 1637 + 286 1349 + 254 6034 + 991 3533 +790 3757 + 777 453 + 87

OB M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1~/- | 1332 | 1307 | 1813 | 1998 | 1364 | 1639 | 5431 | 5963 | 3298 | 3985 | 3372 | 3591 | 460 | 514

Table A11: AMPA receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*HJAMPA

Table A12: AMPA receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of Pink17 mice. Ligand: [*HJAMPA
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Table A13: Kainate receptor densities (fmol/mg protein) and mean (MD)

[*H]Kainic acid

30189373 | Pink1/~ | 967 994 | 1518 | 1660 | 1144 | 1330 | 4146 | 5312 | 2478 | 2878 | 2672 | 3494 | 428 455
30189376 | Pink1~ | 1660 | 1445 | 2110 | 1964 | 1620 | 1592 - - - - - - 309 392
30189381 | Pink1~/~ | 1190 | 1274 | 2141 | 2137 | 1721 | 1748 | 7906 | 6932 | 4115 | 3880 | 4835 | 4642 | 436 397
30189387 | Pink1™~ | 727 797 | 1269 | 1501 | 1138 | 1211 | 5184 | 5039 | 2805 | 2739 | 2877 | 2719 | 324 326
30189407 | Pink1™/- | 832 882 | 1459 | 1522 | 1051 | 1094 | 5066 | 4827 | 2680 | 2882 | 2613 | 2550 | 381 350
30189539 | Pink1/- | 881 | 1021 | 1570 | 1870 | 1141 | 1197 | 5619 | 5357 | 2964 | 2771 | 3134 | 2930 | 411 379
30189591 | Pink1/~ | 948 891 | 1305 | 1413 | 1069 | 1097 | 5315 | 5629 | 2596 | 3313 | 2882 | 3199 | 473 484
30189592 | Pink1™- | 1195 | 1029 | 1466 | 1738 | 1593 | 1643 | 5765 | 5658 | 3778 | 4101 | 4049 | 3816 | 571 616
30190641 | Pink1~/~ | 1253 | 1296 | 1678 | 1744 | 1444 | 1436 | 5615 | 5394 | 3338 | 3206 | 3826 | 3544 | 460 497
MD +£SD | 1096 + 245 1694 + 273 1364 + 245 5564 + 805 3211 £ 546 3375+670 433 +81

+ standard deviation (SD) in brain regions

(left and right

hemisphere) of control mice. Ligand:

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 1769 | 1767 | 1362 | 1356 | 1697 | 1665 | 527 535 1195 | 1143 | 1154 | 1132 | 374 377
30189372 | control | 1605 - 1289 | 1358 | 1589 | 1611 | 447 | 454 | 967 | 928 | 951 | 1019 | 303 | 262
30189408 | control | 1656 | 1717 | 1265 | 1299 | 1625 | 1541 | 534 | 480 | 1123 | 1098 | 1109 | 1093 | 378 | 373
30189465 | control | 1815 | 1892 | 1227 | 1287 | 1486 | 1523 | 443 | 421 | 1091 | 1045 | 1022 | 1040 | 315 | 283
30190808 | control | 1807 | 1811 | 1272 | 1309 | 1561 | 1596 | 484 | 492 | 1142 | 1054 | 1128 | 1122 | 291 | 320
30190809 | control | 1841 | 1946 | 1436 | 1389 | 1722 | 1714 | 560 | 577 | 1256 | 1198 | 1142 | 1235 | 335 | 274
30190810 | control | 1595 | 1615 | 1276 | 1244 | 1547 | 1517 | 435 420 | 1058 | 953 1003 | 1009 | 316 321
30190811 | control | 1908 | 2021 | 1552 | 1497 | 1796 | 1680 | 483 | 483 | 1151 | 1080 | 1109 | 1112 | 289 | 352
30190812 | control | 1401 | 1424 | 1368 | 1293 | 1547 | 1507 | 499 440 | 1062 | 1011 | 1048 | 1014 | 381 278
30191181 | control | 1750 | 1745 | 1453 | 1419 | 1711 | 1606 | 520 | 499 | 1192 | 1011 | 1116 | 1093 | 353 | 355

MD+SD | 1741 +163 1348 + 88 1612 + 86 487 + 46 1088 + 89 1083 + 67 326 £ 39
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Table A14: Kainate receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of Pink17 mice. Ligand:

[*H]Kainic acid

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1~/- | 2212 | 2256 | 1639 | 1718 | 2092 | 2011 | 598 | 619 | 1265 | 1322 | 1227 | 1200 | 357 | 359
30189373 | Pink17- | 1565 | 1593 | 1234 | 1223 | 1483 | 1487 | 482 | 470 | 1063 | 1071 | 1069 | 1045 | 275 | 253
30189376 | Pink1~- | 1435 | 1489 | 1235 | 1210 | 1405 | 1413 - - - - - - 279 349
30189381 | Pink17- | 1783 | 1788 | 1340 | 1326 | 1646 | 1580 | 462 | 450 | 1102 | 1073 | 1043 | 1065 | 334 | 284
30189387 | Pink1~/- | 1869 | 1870 | 1322 | 1253 | 1569 | 1652 | 488 | 459 | 1060 | 1079 | 1100 | 1137 | 315 | 299
30189407 | Pink1~- | 2141 | 2072 | 1527 | 1563 | 1694 | 1764 | 531 | 554 | 1185 | 1151 | 1290 | 1306 | 318 | 332
30189539 | Pink1~/- | 1554 | 1650 | 1242 | 1221 | 1435 | 1450 | 405 | 416 | 979 | 904 | 1010 | 996 | 243 | 233
30189591 | Pink1~- | 1535 | 1541 | 1085 | 1078 | 1299 | 1207 | 347 | 377 | 866 | 851 | 852 | 871 | 283 | 269
30189592 | Pink1~/- | 1893 | 2048 | 1575 | 1409 | 1903 | 1825 | 556 | 550 | 1193 | 1110 | 1284 | 1288 | 320 | 301
30190641 | Pink1~- | 1824 | 1825 | 1287 | 1190 | 1376 | 1323 | 467 | 435 | 947 | 913 | 1000 | 1009 | 303 | 277

MD+SD | 1797 £ 251 1334 +181 1581 + 242 481 £ 74 1063 +134 1100 £ 140 299 + 36

Table A15: NMDA receptor densities (fmol/mg protein)

[*H]MK-801

and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand:

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 872 867 | 1329 | 1388 | 907 888 | 4698 | 4808 | 1957 | 2231 | 3081 | 3289 | 263 301
30189372 | control | 855 - 1334 | 1310 | 843 781 | 4562 | 4845 | 2028 | 2022 | 3176 | 3167 | 273 301
30189408 | control | 612 600 | 1238 | 1247 | 726 694 | 3748 | 3729 | 1427 | 1478 | 2387 | 2220 | 175 183
30189465 | control | 548 527 | 1110 | 1016 | 642 568 | 3752 | 3625 | 1606 | 1559 | 2353 | 2355 | 129 146
30190808 | control | 620 626 | 1255 | 1239 | 721 689 | 4660 | 4515 | 2005 | 1830 | 2760 | 2705 | 190 228
30190809 | control | 902 897 | 1572 | 1633 | 1015 | 1033 | 4599 | 4790 | 2142 | 2207 | 2943 | 3051 | 383 363
30190810 | control | 743 730 | 1420 | 1414 | 994 | 942 | 4226 | 4153 | 1882 | 1728 | 2741 | 2739 | 365 325
30190811 | control | 950 | 960 | 1651 | 1566 | 1043 | 1019 | 4121 | 3637 | 1962 | 1723 | 2693 | 2459 | 332 368
30190812 | control | 837 | 837 | 1246 | 1308 | 888 843 | 3920 | 3751 | 1814 | 1781 | 2476 | 2439 | 371 381
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30191181

control

837 | 826

1549 | 1397

1006 | 961

4327 | 4120

2166 | 1851

2848 | 2661

354 | 389

MD £ SD

771+140

1361 + 169

860 + 146

4229 £ 432

1870 + 236

2727 £ 314

291 +87

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1- | 939 | 937 | 1654 | 1661 | 1074 | 1002 | 4693 | 4612 | 2358 | 2376 | 3133 | 3206 | 372 308
30189373 | Pink1~/- | 807 794 | 1513 | 1456 | 925 943 | 4193 | 4558 | 1946 | 1940 | 2924 | 3086 | 358 311
30189376 | Pink1/- | 747 743 | 1322 | 1415 | 881 875 - - - - - - 220 287
30189381 | Pink1~/- | 529 508 | 1004 | 1117 | 630 | 644 | 4001 | 3878 | 1625 | 1410 | 2393 | 2333 | 145 112
30189387 | Pink1- | 585 579 | 1154 | 1083 | 672 647 | 3867 | 3729 | 1553 | 1493 | 2442 | 2257 | 156 156
30189407 | Pink1”/- | 999 | 995 | 1649 | 1583 | 1084 | 1073 | 4478 | 4475 | 1959 | 2000 | 3014 | 3039 | 375 369
30189539 | Pink1/- | 714 788 | 1444 | 1376 | 978 926 | 4197 | 4056 | 1934 | 1937 | 2812 | 2759 | 345 350
30189591 | Pink1”/- | 826 | 837 | 1366 | 1338 | 982 934 | 4363 | 4362 | 1892 | 1930 | 2827 | 2863 | 362 342
30189592 | Pink1/- | 858 | 860 | 1391 | 1385 | 947 902 | 4166 | 4048 | 1809 | 1886 | 2680 | 2623 | 357 310
30190641 | Pink1™/- | 782 778 | 1397 | 1424 | 911 905 | 4090 | 3984 | 1799 | 1795 | 2491 | 2419 | 347 361

MD+SD | 7801142 1387 + 185 897 + 141 4208 £ 279 1869 + 251 2739 + 298 297 £ 88

OB M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control - - 11556 | 11900 - - - - - - - - - -
30189372 | control | 2956 - 9125 | 9151 | 8959 | 8245 | 2896 | 2959 | 2302 | 2200 | 8389 | 7897 | 4432 | 4433
30189408 | control | 2296 | 2154 | 10794 |10971|11110|10817 | 3755 | 3591 | 2214 | 2269 | 10180 | 10079 | 2986 | 2591
30189465 | control | 2436 | 2623 | 9522 | 9332 | 8275 | 8232 | 3459 | 3407 | 2020 | 2052 | 9127 | 8810 | 3459 | 3641
30190808 | control | 2773 | 2665 | 7349 | 8230 | 8061 | 7820 | 2850 | 2708 | 2288 | 2123 | 8477 | 8293 | 4367 | 4149
30190809 | control | 2806 | 2691 | 9488 | 8653 | 7763 | 7368 | 3680 | 3701 | 2080 | 2192 | 8156 | 8072 | 4037 | 3771
30190810 | control | 2794 | 2816 | 8648 | 8951 | 7823 | 7306 | 2401 | 2366 | 1610 | 1768 | 7390 | 7209 | 3070 | 3615

Table A16: NMDA receptor densities (fmol/mg protein) and mean (MD)  standard deviation (SD) in brain regions (left and right hemisphere) of Pink17-mice. Ligand: [*H]MK-801

Table A17: mGluzs receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand:
[BH]LY 341495
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30190811 | control | 3038 | 3197 | 8401 | 8969 | 8654 | 7952 | 3581 | 3345 | 2491 | 2547 | 10039 | 9697 | 2970 | 3187

30190812 | control | 2658 | 2669 | 10140 (10738 | 7237 | 7014 | 2256 | 2396 | 1622 | 1791 | 7736 | 7208 | 2838 | 2957

30191181 | control | 2687 | 2900 | 7965 | 8083 | 7423 | 7537 | 3369 | 3171 | 2076 | 2176 | 8869 | 8869 | 3344 | 3597
MD £SD | 2715 +255 9398 + 1250 | 8200 + 1126 3105 +513 2101 + 263 8583 + 959 3525+ 580

Table A18: mGluys receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions

[3H]LY 341495

(left and right hemisphere) of Pink17- mice. Ligand:

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1~/- - - 10224 | 9880 | 9276 | 8805 | 4280 | 4394 | 2764 | 2983 | 10443 |10233 | 5405 | 5130
30189373 | Pink17- | 3405 | 3616 | 8663 | 8908 | 8719 | 8620 | 3991 | 3801 | 2465 | 2507 | 10686 | 11185 | 4145 | 3592
30189376 | Pink1~/- | 3473 | 3426 | 9883 | 10009 | 9031 | 8412 - - - - - - 4287 | 4121
30189381 | Pink17- | 2958 | 2854 | 9761 | 10087 | 9055 | 8778 | 2937 | 2941 | 2235 | 2045 | 8811 | 8112 | 4020 | 4471
30189387 | Pink1~/- | 2667 | 2645 | 8361 | 8712 | 8466 | 8078 | 3546 | 3194 | 2312 | 2307 | 9356 | 9028 | 3561 | 3268
30189407 | Pink17- | 2904 | 2999 | 9599 | 9468 | 9404 | 8532 | 3146 | 3054 | 2203 | 2168 | 8579 | 9004 | 4133 | 4263
30189539 | Pink17/- | 2771 | 2962 | 8684 | 8178 | 8165 | 7655 | 3767 | 3544 | 2445 | 2361 | 9145 | 8814 | 4825 | 4787
30189591 | Pink17- | 2948 | 3105 |11180|10432| 8354 | 7578 | 2905 | 3093 | 2077 | 1999 | 7830 | 8007 | 3920 | 3564
30189592 | Pink1~/- | 3220 | 3324 | 8327 | 8553 | 8371 | 8341 | 4479 | 4459 | 2539 | 2618 | 10072 | 10418 | 3743 | 3601
30190641 | Pink17- | 2999 | 2856 |12540|11509 | 10610 | 10610 | 3831 | 3629 | 2315 | 2360 | 10433 | 10268 | 3441 | 3641

MD+SD | 3063+286 | 9648 +1163 8743 £ 791 3611 + 551 2372 +252 | 9468 +1019 | 4096 + 587

Table A19: M receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*H]Pirenzepine

OB M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 771 | 740 | 1917 | 1859 | 4056 | 3811 | 3973 | 3798 | 1884 | 2003 | 4199 | 4120 | 274 | 278
30189372 | control | 850 - 1713 | 1597 | 3348 | 2969 | 4090 | 3965 | 1882 | 1927 | 4503 | 4521 | 268 | 297
30189408 | control | 876 | 876 | 1866 | 1674 | 3612 | 3336 | 3515 | 3199 | 1713 | 1602 | 3908 | 3551 | 382 | 350
30189465 | control | 779 | 759 | 1214 | 1367 | 2613 | 2554 | 2930 | 2933 | 1515 | 1440 | 3432 | 3428 | 272 | 277
30190808 | control | 804 | 792 | 2162 | 1971 | 4333 | 4121 | 4753 | 4699 | 2234 | 2222 | 5179 | 5059 | 334 | 327
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30190809 | control | 1166 | 1106 | 2430 | 2381 | 4440 | 4124 | 4545 | 4473 | 2326 | 2269 | 5273 | 5019 | 403 312
30190810 | control | 1028 | 965 | 2568 | 2485 | 4608 | 4308 | 5338 | 4914 | 2740 | 2427 | 6142 | 5737 | 384 | 369
30190811 | control | 1451 | 1371 | 3465 | 3326 | 6562 | 6215 | 6710 | 6522 | 3438 | 3298 | 7334 | 7304 | 569 541
30190812 | control | 1265 | 1259 | 3445 | 3339 | 5586 | 5352 | 5868 | 5714 | 3258 | 3010 | 6076 | 6384 | 457 | 422
30191181 | control | 1283 | 1259 | 3112 | 3081 | 6163 | 5949 | 6044 | 5974 | 3162 | 3233 | 6913 | 6887 | 457 | 461
MD £SD | 1021 +238 2349+729 | 4403 +1213 | 4698 £+1167 | 2379+656 | 5248 +1295 372 £90

Table A20: M1 receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of Pink1”- mice. Ligand: [*H]Pirenzepine

Table A21: M: receptor densities (fmol/mg protein) and

[3H]Oxotremorine-M

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1/- | 821 826 | 1805 | 1789 | 3665 | 3432 | 2948 | 2937 | 1447 | 1520 | 3098 | 3032 | 291 299
30189373 | Pink1’/- | 639 614 | 1519 | 1533 | 2874 | 2810 | 2955 | 2880 | 1335 | 1317 | 3191 | 3144 | 283 297
30189376 | Pink1- | 562 524 | 1378 | 1600 | 2986 | 2911 - - - - - - 286 271
30189381 | Pink1~/- | 768 716 | 1587 | 1438 | 3051 | 2836 | 2906 | 2757 | 1411 | 1436 | 3092 | 3184 | 283 328
30189387 | Pink1- | 912 912 | 2119 | 2226 | 4406 | 4239 | 4284 | 4186 | 1909 | 1878 | 4537 | 4607 | 333 367
30189407 | Pink1~/- | 767 732 | 1710 | 1822 | 3564 | 3407 | 3485 | 3394 | 1720 | 1860 | 3664 | 3885 | 347 359
30189539 | Pink17- | 979 | 957 | 2652 | 2606 | 4875 | 4533 | 5260 | 5065 | 2533 | 2558 | 5866 | 5774 | 294 272
30189591 | Pink1~/- | 1022 | 962 | 2510 | 2333 | 4639 | 4309 | 5282 | 5129 | 2538 | 2462 | 5728 | 5964 | 437 381
30189592 | Pink1- | 1432 | 1486 | 3703 | 3728 | 7342 | 6909 | 7194 | 7449 | 3539 | 3641 | 7805 | 8163 | 621 612
30190641 | Pink1~/- | 1023 | 1025 | 2392 | 2334 | 4561 | 4239 | 5262 | 5005 | 2455 | 2438 | 5729 | 5734 | 397 | 413

MD+SD | 8841251 2139+676 | 407911252 | 4354+1458 | 2111+710 | 47891636 358 £ 101

mean (MD) #+ standard deviation (SD) in brain regions (left and right hemisphere) of

control mice. Ligand:

OB M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 1774 | 1607 | 781 | 800 | 1677 | 1630 | 538 | 545 | 456 | 492 | 364 | 387 | 261 | 269
30189372 | control | 2341 - 1136 | 1130 | 3004 | 2801 | 649 | 627 | 510 | 507 | 518 | 538 | 256 | 267
30189408 | control | 1787 | 1797 | 984 | 1000 | 2880 | 2633 | 579 | 560 | 515 | 480 | 419 | 392 | 269 | 298
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Table A22: M; receptor densities (fmol/mg protein) and

[3H]Oxotremorine-M

30189465 | control | 1204 | 1192 | 959 946 | 2569 | 2497 | 534 527 416 454 396 389 205 222
30190808 | control | 2234 | 2217 | 1115 | 1117 | 3491 | 3469 | 638 613 550 558 428 420 317 233
30190809 | control | 1468 | 1456 | 912 966 | 2804 | 2925 | 666 689 537 561 485 502 208 201
30190810 | control | 1725 | 1706 | 935 998 | 2322 | 2483 | 535 561 467 467 412 422 246 354
30190811 | control | 3082 | 3063 | 1328 | 1454 | 4516 | 4512 | 679 635 555 542 460 | 419 370 333
30190812 | control | 1027 | 1071 | 815 824 | 2235 | 2200 | 414 392 314 309 402 384 90 105
30191181 | control | 1482 | 1540 | 894 800 | 1914 | 1981 | 444 468 383 419 307 292 261 217
MD+SD | 1778 +586 995 +177 2727 £ 796 565 + 87 475+75 417 £ 62 249171

mean (MD) *

standard deviation (SD) in brain regions (left and right hemisphere) of Pink17- mice. Ligand:

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1~/- | 2125 | 2123 | 1210 | 1310 | 3518 | 3639 | 647 | 620 | 554 | 581 | 425 | 413 242 | 265
30189373 | Pink17- | 1756 | 1834 | 1025 | 1023 | 2807 | 2943 | 530 | 486 | 442 | 475 | 354 | 368 | 323 | 312
30189376 | Pink1~/- | 1006 | 1053 | 852 | 819 | 1500 | 1723 - - - - - - 259 | 275
30189381 | Pink17- | 1484 | 1508 | 901 | 938 | 2367 | 2523 | 623 | 602 | 483 | 487 | 513 | 523 249 | 242
30189387 | Pink1~/- | 2000 | 2173 | 917 | 950 | 2352 | 2686 | 454 | 483 | 377 | 422 | 326 | 335 | 314 | 325
30189407 | Pink1~- | 1884 | 1913 | 1063 | 1086 | 2696 | 2923 | 559 | 582 | 482 | 508 | 427 | 426 | 241 | 251
30189539 | Pink1~/- | 2076 | 2095 | 1199 | 1155 | 3222 | 3263 | 542 | 580 | 458 | 510 | 389 | 401 | 301 | 312
30189591 | Pink17- | 1658 | 1752 | 1019 | 1045 | 2710 | 2434 | 572 | 548 | 459 | 492 | 393 | 408 | 329 | 279
30189592 | Pink1~/- | 2435 | 2470 | 1372 | 1300 | 4204 | 4165 | 624 | 638 | 608 | 600 | 474 | 474 | 228 | 219
30190641 | Pink1™- | 1592 | 1632 | 782 | 797 | 2151 | 2249 | 453 | 471 | 352 | 367 | 452 | 475 170 177

MD +SD | 1828 £389 1038 £ 175 2804 £ 714 556 £ 65 481 £ 74 421 +£57 266 £ 47

Table A23: Ms receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*H]4-DAMP

OB M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 2488 | 2424 | 5314 | 5303 | 8227 | 8434 | 7738 | 8140 | 4244 | 4736 | 6418 | 6532 | 602 | 604
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30189372 | control | 2305 - 5265 | 5357 | 8249 | 8487 | 7358 | 7691 | 4151 | 4478 | 5986 | 6002 | 601 617
30189408 | control | 2108 | 2070 | 5173 | 5257 | 9356 | 8768 | 7712 | 7710 | 4158 | 4299 | 6704 | 6559 | 670 622
30189465 | control | 2625 | 2689 | 5267 | 5314 | 8685 | 8464 | 7493 | 7810 | 3972 | 3750 | 6316 | 6414 | 575 539
30190808 | control | 2420 | 2523 | 5520 | 5327 | 8271 | 8465 | 8005 | 8066 | 4423 | 4755 | 6337 | 6650 | 683 660
30190809 | control | 2525 | 2468 | 5332 | 5579 | 8498 | 8740 | 7574 | 7232 | 4390 | 4455 | 6037 | 6177 | 601 553
30190810 | control | 2299 | 2401 | 5601 | 5466 | 8552 | 8684 | 7999 | 7914 | 4587 | 4574 | 6491 | 6527 | 659 616
30190811 | control | 2512 | 2448 | 5319 | 5604 | 8270 | 8391 | 7764 | 7782 | 4335 | 4570 | 6192 | 6049 | 729 732
30190812 | control | 1888 | 1944 | 4222 | 4457 | 8578 | 8690 | 7868 | 7496 | 3808 | 3658 | 6514 | 6168 | 591 628
30191181 | control | 2215 | 2239 | 5491 | 5340 | 8802 | 9089 | 7425 | 7670 | 4094 | 4485 | 6394 | 6251 | 733 724
MD £SD | 2347 +222 5276 + 345 8585 + 284 7722 £ 242 4296 + 316 6336 + 220 637 £ 59

Table A24: Ms receptor densities (fmol/mg protein) and mean (MD) £ standard deviation (SD) in brain regions (left and right hemisphere)

of Pink1”-mice

. Ligand: [3H]4-DAMP

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink17- | 2306 | 2300 | 5241 | 5352 | 8186 | 8322 | 7646 | 7622 | 4414 | 4723 | 5939 | 6067 | 621 624
30189373 | Pink1~/- | 2117 | 2125 | 4698 | 4695 | 8179 | 8239 | 7282 | 7473 | 3744 | 4144 | 6048 | 6006 | 690 617
30189376 | Pink1™- | 2159 | 2291 | 5082 | 4934 | 8258 | 8168 - - - - - - 550 632
30189381 | Pink1/- | 2331 | 2344 | 4426 | 4704 | 7715 | 8113 | 7355 | 7557 | 3949 | 4390 | 5987 | 6124 | 592 643
30189387 | Pink17- | 2328 | 2336 | 5126 | 5390 | 8714 | 8832 | 8040 | 7581 | 4543 | 4200 | 6365 | 6322 | 646 639
30189407 | Pink1~/- | 2535 | 2494 | 5387 | 5439 | 9078 | 8944 | 7987 | 8146 | 4555 | 5103 | 6890 | 6905 | 620 532
30189539 | Pink1~- | 2425 | 2592 | 6051 | 5956 | 8589 | 8551 | 7871 | 8346 | 3915 | 4434 | 6407 | 6589 | 570 576
30189591 | Pink1~/- | 2540 | 2576 | 5711 | 5930 | 8938 | 8777 | 8202 | 8519 | 4406 | 4864 | 6601 | 6766 | 664 601
30189592 | Pink1~- | 2528 | 2571 | 5183 | 5190 | 9194 | 9129 | 7897 | 7693 | 4136 | 3976 | 6443 | 6295 | 653 633
30190641 | Pink1~/- | 2117 | 2163 | 4308 | 4202 | 7614 | 7690 | 6810 | 6747 | 3521 | 3377 | 5537 | 5380 | 518 509

MD +SD | 2359 £ 166 5150 + 535 8462 + 486 7710 £ 478 4244 + 451 6259 + 420 607 £ 50
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Table A25: Nicotinic asf2 receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand:

[H]Epibatidine

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 147 | 142 | 296 | 279 | 359 | 343 140 146 | 135 135 190 | 206 170 160
30189372 | control | 140 - 281 | 268 | 350 | 324 | 140 142 117 128 | 205 | 189 175 176
30189408 | control | 155 148 | 281 | 277 | 343 | 338 113 120 | 112 122 | 211 | 216 158 171
30189465 | control | 114 | 113 | 229 | 232 | 308 | 298 98 93 103 86 156 144 | 151 142
30190808 | control | 107 | 114 | 213 233 | 310 | 287 107 112 | 110 | 102 179 173 116 144
30190809 | control | 116 | 120 | 239 | 226 | 297 | 294 | 105 103 113 107 170 | 165 137 144
30190810 | control | 107 | 106 | 219 | 229 | 291 | 253 88 84 86 81 152 | 141 158 128
30190811 | control | 160 | 156 | 331 | 308 | 377 | 375 135 133 132 118 | 212 | 221 192 196
30190812 | control 127 124 251 245 338 321 117 124 121 125 183 195 160 173
30191181 | control | 131 130 | 241 | 279 | 336 | 350 | 121 110 | 124 | 118 | 214 | 217 | 209 162

MD + SD 129+18 258 +33 325+32 116 £ 19 114 £ 16 187 +26 161+ 23

Table A26: Nicotinic aup2 receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of Pink17 mice. Ligand:

[H]Epibatidine

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1”- | 139 139 297 305 386 373 145 132 128 125 207 213 196 192
30189373 | Pink1’/- | 139 137 278 271 359 350 145 137 111 118 210 197 183 149
30189376 | Pink1™- | 150 143 301 289 366 363 - - - - - - 172 162
30189381 | Pink1’/- | 109 105 231 252 301 303 97 105 105 95 172 144 146 131
30189387 | Pink17- | 101 98 197 207 271 261 93 96 88 85 150 140 172 126
30189407 | Pink1- | 123 124 251 257 310 304 116 114 112 97 183 164 162 136
30189539 | Pink17- | 104 100 194 198 281 264 82 84 86 87 142 143 127 126
30189591 | Pink1~/- | 104 101 195 199 263 262 94 86 88 84 156 147 120 140
30189592 | Pink1™- | 144 146 291 292 353 362 129 139 141 130 230 | 216 180 170
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30190641

Pink1-/-

124 | 120

279 | 268

333 | 335

115 | 114

120 | 103

187 | 191

168 | 179

MD + SD

123 +19

253 +41

320+43

112 +21

106 + 18

177 + 30

157 + 24

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control 515 493 746 | 741 115 109 103 100 89 84 135 133 130 101
30189372 | control 502 - 670 604 94 87 109 101 91 85 128 126 108 101
30189408 | control 635 612 723 723 188 174 175 173 162 164 216 209 212 192
30189465 control 605 601 753 742 171 167 158 149 143 147 181 178 176 175
30190808 | control 599 617 739 758 172 166 170 154 160 148 201 194 209 197
30190809 control 517 500 812 764 139 134 124 125 122 119 146 147 147 138
30190810 | control 565 537 802 791 119 114 124 127 125 111 165 161 167 126
30190811 control 651 628 966 937 152 149 157 147 143 128 184 184 146 162
30190812 | control 488 | 489 810 | 786 136 130 126 128 114 125 151 148 168 109
30191181 control 521 516 789 739 116 118 123 128 131 114 165 151 133 106

MD + SD 557 + 57 77079 137 +£29 135+24 125+ 25 165 + 27 150 £ 36

Table A28: a1 receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere of Pink17-mice. Ligand: [*H]Prazosin

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1/- | 821 793 | 1071 | 1147 | 142 134 140 126 128 115 175 153 154 129
30189373 | Pink1”/- | 484 | 474 | 733 668 101 98 104 103 94 87 121 122 121 100
30189376 | Pink1- | 396 386 575 604 90 95 - - - - - - 135 123
30189381 | Pink1’/- | 564 549 788 779 167 163 170 160 160 137 200 186 189 187
30189387 | Pink1/- | 637 632 | 828 832 170 171 157 160 163 145 189 196 212 194
30189407 | Pink1”/- | 553 573 831 862 134 127 126 130 123 123 170 163 159 145
30189539 | Pink1/- | 533 572 | 806 778 127 122 115 110 110 100 133 143 147 122
30189591 | Pink1”/- | 575 551 912 823 119 110 126 121 112 105 159 154 136 124

Table A27: a; receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [3*H]Prazosin

66



30189592 | Pink1”/~ | 569 618 712 686 138 144 136 139 116 130 164 161 158 140
30190641 | Pink1/- | 523 542 821 894 125 126 131 124 134 109 156 149 144 117
MD +SD | 567 +105 807 + 137 130+ 25 132+20 122 +21 161+ 23 147 £ 29

Table A29: D1 receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*H]SCH 23390

OB M1 CPu SN
animal group left | right | left | right | left | right | left | right
30189369 | control 98 93 186 183 | 5922 | 6143 | 2758 | 2970
30189372 | control 79 - 145 155 | 6135 | 5791 | 2037 | 2350
30189408 | control | 173 174 | 276 | 287 | 6936 | 6533 | 2353 | 2367
30189465 | control | 122 116 | 176 187 | 5153 | 4864 | 2030 | 1860
30190808 | control 115 118 209 214 | 5603 | 5374 | 2721 | 2711
30190809 | control | 109 | 103 188 196 | 5345 | 5038 | 2014 | 2011
30190810 | control | 104 | 101 | 213 218 | 6068 | 5710 | 1575 | 1342
30190811 | control 95 88 175 190 | 6296 | 5891 | 2039 | 2479
30190812 | control 58 63 136 138 | 4958 | 4837 | 2651 | 3383
30191181 | control 77 74 167 162 | 6053 | 5556 | 2104 | 2089
MD + SD 103+31 190 £ 40 5710 £ 576 2292 + 483

Table A30: D1 receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of Pink1”- mice. Ligand: [*H]SCH 23390

OB M1 CPu SN
animal group left | right | left | right | left | right | left | right
30189346 | Pink1”/- | 153 144 | 273 269 | 8957 | 8547 | 2383 | 2698
30189373 | Pink1”’- | 79 82 150 168 | 6353 | 6116 | 1889 | 2050
30189376 | Pink1~/- 69 71 119 125 | 5137 | 4987 | 1955 | 1984
30189381 | Pink1”- | 129 | 131 | 209 | 202 | 5235 | 5155 | 1761 | 1690
30189387 | Pink1/- | 124 | 117 | 211 | 231 | 5969 | 5561 | 2465 | 2385
30189407 | Pink1- | 122 121 | 185 186 | 5385 | 5431 | 1922 | 1784
30189539 | Pink17- | 92 96 196 199 | 5691 | 5708 | 1908 | 2092
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30189591 | Pink1”/- | 121 115 207 191 | 5728 | 5349 | 1797 | 1996

30189592 | Pink1”- | 86 83 208 193 | 6956 | 6817 | 1824 | 2234

30190641 | Pink1/- | 83 80 138 147 | 5345 | 5458 | 1514 | 1193
MD £ SD 105+ 26 190+ 41 5994 + 1084 1976 + 344

Table A31: D, receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [3H]Raclopride

CPu

animal group left | right
30189369 | control | 346 362
30189372 control | 403 402
30189408 | control | 433 427
30189465 control | 482 496
30190808 | control | 477 456
30190809 control | 432 421
30190810 | control | 367 370
30190811 control | 436 434
30190812 | control | 394 383
30191181 control | 406 385

MD +SD 416 £ 42

Table A32: D receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of Pink1”- mice. Ligand: [*H]Raclopride

CPu

animal group left | right
30189346 | Pink1”- | 432 | 414
30189373 | Pinki’- | 413 | 379
30189376 | Pink17- | 398 | 391
30189381 | Pinki/- | 402 | 388
30189387 | Pink17- | 414 | 472
30189407 | Pinki™- | 403 | 411
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30189539 | Pinki- | 361 | 347
30189591 | Pink17- | 389 | 402
30189592 | Pink1™- | 449 | 447
30190641 | Pink17- | 419 | 422
MD+SD| 408 +29

Table A33: D23 receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [3H]Fallypride

OB M1 CPu
animal group left | right | left | right | left | right
30189369 | control | 403 394 121 127 | 2534 | 2496
30189372 | control | 303 - 125 109 | 2279 | 2230
30189408 | control | 448 | 431 136 127 | 2705 | 2626
30189465 | control | 370 | 412 107 118 | 2375 | 2255
30190808 | control | 339 399 111 104 | 2549 | 2311
30190809 | control | 297 | 314 100 97 | 2351 | 2202
30190810 | control | 282 | 219 87 90 | 2133 | 1911
30190811 | control | 525 | 465 179 160 | 2841 | 2699
30190812 | control | 421 | 362 135 132 | 2174 | 2169
30191181 | control | 440 | 472 147 142 | 2755 | 2616
MD = SD 38477 123 +23 2411 £ 249

Table A34: Dy/3 receptor densities (fmol/mg protein) and mean (MD) # standard deviation (SD) in brain regions (left and right hemisphere) of Pink17-mice. Ligand: [*H]Fallypride

OB M1 S1 CPu
animal group left | right | left | right | left | right | left | right
30189346 | Pink1~/- | 387 | 453 146 152 142 131 | 2838 | 2505
30189373 | Pink1”- | 306 | 228 | 117 134 140 | 134 | 2518 | 2351
30189376 | Pink1”/- | 402 | 421 99 107 118 108 | 2447 | 2314
30189381 | Pink1- | 323 | 333 125 132 140 | 133 | 2511 | 2539
30189387 | Pink1/- | 373 | 348 96 104 122 107 | 2403 | 2225
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30189407 | Pink1™/- | 372 303 118 120 122 123 | 2750 | 2664
30189539 | Pink1/- | 373 277 83 86 97 85 2369 | 2211
30189591 | Pink1™/- | 321 337 90 92 105 93 2352 | 2305
30189592 | Pink1/- | 433 411 165 168 174 161 | 2742 | 2723
30190641 | Pink1”/~ | 370 337 134 135 142 154 | 2199 | 2272
MD + SD 355+55 120 £ 26 127 + 23 2462 + 196

Table A35: 5-HTia receptor densities (fmol/mg protein) and mean (MD) * standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand:

[3H]8-OH-DPAT

M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 86 83 39 37 | 388 | 401 | 69 84 77 76 38 48
30189372 | control | 87 88 38 38 | 436 | 412 | 67 77 77 76 39 46
30189408 | control | 65 64 30 29 | 308 | 301 | 60 70 59 58 32 34
30189465 | control | 61 58 25 24 | 320 | 326 | 66 61 58 54 26 25
30190808 | control | 59 66 25 23 | 345 | 337 | 58 54 61 59 20 23
30190809 | control | 88 88 39 35 | 386 | 374 | 108 | 115 | 85 82 35 36
30190810 | control | 76 79 35 33 | 436 | 423 | 75 85 76 75 36 38
30190811 | control | 93 90 42 40 | 434 | 413 | 69 71 72 73 40 43
30190812 | control | 70 72 33 34 | 385 | 367 | 66 62 70 72 36 32
30191181 | control | 90 94 33 33 | 421 | 440 | 104 | 95 90 92 37 35
MD = SD 78 £12 336 383146 76 £ 17 72+11 357

Table A36: 5-HTia receptor densities (fmol/mg protein) and mean (MD) * standard deviation

[3H]8-OH-DPAT

(SD) in brain regions (left and right hemisphere) of Pink1”- mice. Ligand:

M1 CPu CA1 CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1”- | 92 93 43 41 | 459 | 448 | 60 61 80 82 42 41
30189373 | Pink1/- | 87 87 37 39 | 369 | 359 | 57 65 82 71 36 42
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30189376 | Pink1”/~ | 92 93 41 42 - - - - - - 48 49
30189381 | Pink1”/- | 71 69 26 24 | 362 | 377 | 49 49 67 57 29 26
30189387 | Pink1”/~ | 65 55 27 27 | 265 | 269 55 58 46 45 27 28
30189407 | Pink1”- | 96 98 45 44 | 475 | 495 | 101 | 100 | 91 92 38 40
30189539 | Pink1”/~ | 75 72 36 33 | 428 | 443 79 67 80 83 39 35
30189591 | Pink1/- - - - - 434 | 420 | 107 | 112 75 74 34 34
30189592 | Pink1”/- | 103 | 102 38 36 | 513 | 549 | 120 | 122 85 94 36 34
30190641 | Pink1”- | 78 70 34 32 | 301 | 295 | 82 82 67 74 35 31
MD £ SD 83+14 36+7 403 + 84 79+ 25 75+14 36+6

Table A37: 5-HT: receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*H]Ketanserin

OB M1 CPu CAl CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 180 | 189 | 404 | 402 | 691 | 682 | 236 | 236 | 199 | 197 | 205 | 197 | 180 | 196
30189372 | control | 154 - 345 | 346 | 543 | 581 | 230 | 233 | 188 | 211 | 202 | 202 | 186 | 192
30189408 | control | 143 | 144 | 282 | 290 | 440 | 445 | 149 | 163 | 116 | 123 | 143 | 142 | 128 | 109
30189465 | control 99 103 241 274 | 408 376 140 145 115 134 140 138 115 106
30190808 | control | 115 | 116 | 256 | 282 | 446 | 444 | 152 | 163 | 140 | 143 | 138 | 139 | 123 | 122
30190809 | control | 225 | 228 | 429 | 473 | 572 | 625 | 295 | 297 | 254 | 271 | 291 | 272 | 213 | 220
30190810 | control | 233 | 227 | 468 | 463 | 721 | 759 | 302 | 297 | 256 | 259 | 280 | 281 | 289 | 302
30190811 | control | 170 | 163 | 415 | 428 | 608 | 627 | 189 | 207 | 172 | 172 | 184 | 198 | 175 | 162
30190812 | control | 114 | 120 | 233 | 235 | 404 | 428 | 138 | 140 | 128 | 126 | 136 | 139 | 135 | 125
30191181 | control | 129 | 135 | 329 | 337 | 502 | 533 | 163 | 161 | 128 | 145 | 165 | 163 | 162 | 146

MD+SD| 15745 347 + 83 542 +117 202 £59 174 +53 188 + 54 169 + 55

OB M1 CPu CAl CA2/3 DG SN
animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189346 | Pink1”/- | 220 | 221 | 490 | 518 | 768 | 759 | 232 | 241 | 215 | 238 | 223 | 212 | 196 | 189

Table A38: 5-HT: receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of Pink1”" mice. Ligand: [*H]Ketanserin
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30189373 | Pink1/- | 172 | 167 | 352 | 392 | 564 | 584 | 206 | 206 | 154 | 194 | 170 | 181 | 158 | 158
30189376 | Pink1/- | 154 | 164 | 347 | 356 | 535 | 529 - - - - - - 209 | 210
30189381 | Pink1/- | 117 | 117 | 233 | 231 | 325 | 323 | 146 | 171 | 135 | 119 | 120 | 139 | 100 | 109
30189387 | Pink1/- | 121 | 120 | 260 | 276 | 443 | 441 | 142 | 143 | 117 | 102 | 111 | 120 | 107 | 109
30189407 | Pink1™/- | 228 | 227 | 442 | 442 | 678 | 647 | 280 | 287 | 252 | 282 | 282 | 260 | 261 | 234
30189539 | Pink17/- | 206 | 213 | 402 | 446 | 744 | 766 | 291 | 306 | 210 | 240 | 257 | 269 | 230 | 231
30189591 | Pink1™/- | 234 | 244 | 455 | 468 | 655 | 643 | 274 | 286 | 236 | 234 | 242 | 261 | 253 | 225
30189592 | Pink17/- | 151 | 146 | 309 | 320 | 612 | 624 | 173 | 176 | 141 | 141 | 136 | 136 | 123 | 141
30190641 | Pink1/- | 129 | 127 | 257 | 253 | 364 | 395 | 152 | 158 | 137 | 149 | 148 | 140 | 126 | 119
MD £ SD 174 £ 46 362 +£92 570 +147 215+ 60 183 £ 56 189 +61 174 £55

Table A39: A: receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*H]DPCPX

OB M1 CPu CA1 CA2/3 DG SN

animal group left | right | left | right | left | right | left | right | left | right | left | right | left | right
30189369 | control | 1007 | 998 | 3141 | 3098 | 3351 | 3395 | 6319 | 6206 | 5127 | 5225 | 3923 | 3828 | 3145 | 3110
30189372 | control | 910 - 3111 | 3231 | 3196 | 3114 | 6654 | 6593 | 5479 | 5397 | 4114 | 4066 | 2848 | 2968
30189408 | control | 957 | 975 | 3813 | 3844 | 3901 | 3847 | 7501 | 7446 | 6118 | 5692 | 4853 | 4851 | 3562 | 3709
30189465 | control | 925 924 | 3774 | 3816 | 3916 | 4082 | 7319 | 7285 | 5794 | 5726 | 4655 | 4599 | 4389 | 4140
30190808 | control | 1064 | 1074 | 3413 | 3377 | 3675 | 3526 | 7831 | 7851 | 6218 | 6185 | 4664 | 4751 | 3765 | 3752
30190809 | control | 1008 | 1005 | 3686 | 3801 | 3828 | 3469 | 7341 | 7680 | 5946 | 5897 | 4815 | 4848 | 3246 | 2933
30190810 | control | 976 | 1015 | 3162 | 3586 | 3601 | 3709 | 6748 | 7148 | 6041 | 6008 | 4409 | 4425 | 3312 | 3179
30190811 | control | 831 899 | 3387 | 3498 | 3249 | 3354 | 6966 | 7121 | 5566 | 6112 | 4019 | 4367 | 3264 | 3331
30190812 | control | 997 | 1035 | 3610 | 3483 | 3683 | 3510 | 7817 | 7509 | 6203 | 6341 | 4390 | 4554 | 3725 | 4062
30191181 | control | 981 956 | 3432 | 3537 | 3673 | 3426 | 6490 | 6719 | 5476 | 5458 | 4596 | 4623 | 3602 | 3459
MD + SD 976 £ 59 3490+252 | 3575+262 | 7127 +516 | 5800+ 359 | 4468 +324 | 34751419

Table A40: A: receptor densities (fmol/mg protein) and mean (MD) # standard deviation (SD) in brain regions (left and right hemisphere) of Pink1”- mice. Ligand: [*H]DPCPX

oB

M1

CPu

CAl

CA2/3

DG

SN

animal

group

left | right

left | right

left | right

left | right

left | right

left | right

left | right
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30189346 | Pink1”/- | 994 | 1046 | 3444 | 3485 | 3369 | 3595 | 6933 | 6964 | 5995 | 5933 | 4259 | 4249 | 3329 | 3307
30189373 | Pink1™- | 909 965 | 3145 | 3122 | 3331 | 3328 | 6491 | 6577 | 5179 | 5691 | 4103 | 4124 | 3144 | 3156
30189376 | Pink1”/~ | 1011 | 1028 | 3821 | 3832 | 3735 | 3756 - - - - - - 3301 | 2815
30189381 | Pink1- | 1037 | 1088 | 3693 | 3418 | 3490 | 3281 | 6644 | 6603 | 5372 | 5398 | 4333 | 4124 | 3433 | 3265
30189387 | Pink1”/- | 1064 | 1106 | 3754 | 2970 | 3398 | 3390 | 6631 | 6865 | 5521 | 6290 | 4368 | 4310 | 3538 | 3637
30189407 | Pink1™- | 1114 | 1149 | 3676 | 4005 | 3828 | 4128 | 7450 | 7408 | 6477 | 6323 | 4864 | 4729 | 3545 | 3318
30189539 | Pink1”/~ | 1026 | 935 | 3398 | 3495 | 3522 | 3492 | 7793 | 7708 | 6331 | 6372 | 4569 | 4482 | 3126 | 2968
30189591 | Pink1™~ | 950 928 | 3464 | 3363 | 3535 | 3668 | 7355 | 7337 | 6380 | 5931 | 4344 | 4307 | 3062 | 3041
30189592 | Pink1~/~ | 1338 | 1334 | 4232 | 4297 | 4193 | 4143 | 8362 | 8474 | 6490 | 6252 | 5453 | 5344 | 4244 -
30190641 | Pink1/- | 945 955 | 3470 | 3683 | 3597 | 3734 | 7011 | 7303 | 5555 | 6018 | 4530 | 4689 | 3299 | 3323
MD +SD | 1046 +120 3588 +343 | 3626276 | 7217 +589 | 5973 +424 | 4510+387 | 3308 +306

Table A41: A;a receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of control mice. Ligand: [*H]ZM 241385

CPu

animal group left | right
30189369 | control | 2428 | 2371
30189372 | control | 1894 | 1872
30189408 | control | 2800 |2843
30189465 | control | 2422 | 2476
30190808 | control | 2786 | 2373
30190809 | control | 2366 |2428
30190810 | control | 2623 | 2409
30190811 | control | 2299 | 2431
30190812 | control | 2419 | 2340
30191181 | control | 2429 | 2384
MD £ SD | 2420+ 242
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Table A42: Axx receptor densities (fmol/mg protein) and mean (MD) + standard deviation (SD) in brain regions (left and right hemisphere) of Pink1”-mice. Ligand: [3H]ZM 241385

CPu
animal group left | right
30189346 | Pink17- | 2932 | 2413
30189373 | Pink1~/- | 2415 | 2436
30189376 | Pink17- | 2655 | 2848
30189381 | Pink1~/- | 2319 | 2289
30189387 | Pink1- | 2366 | 2407
30189407 | Pink1~/- | 2625 | 2615
30189539 | Pink1- | 2577 | 2310
30189591 | Pink1~/- | 2316 | 2350
30189592 | Pink1- | 2680 | 2735
30190641 | Pink1™/- | 2565 | 2493

MD +SD | 2517 + 187
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8.2.2. Immunohistochemical staining

Fig. A1: Exemplary immunohistochemical staining against TH (green) in the SN of control mice (A) and Pink1”
mice (B) indicating no differences in TH-positive neurons. Cell nuclei are stained blue. Magnification: 40x
objective at a final resolution of 0.221um/pixel. Scale bar = 50um

Fig. A2: Exemplary immunohistochemical staining against TH (A; green) and GS (B; red) of control mice indicating
that there is no co-localization of TH and GS in neurons of the SN. Arrows mark examples of TH-positive neurons
and GS-positive astrocytes. Cell nuclei are stained blue. Magnification: 40x objective at a final resolution of
0.221um/pixel. Scale bar = 50pum
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Fig. A3: Exemplary immunohistochemical staining against TH (A; green) and GABA (B; red) of control mice
indicating that GABA immunoreactivity was co-localized with TH-positive neurons in the SN. Note that the arrows
marks the same neuron with co-localized TH (A) and GABA (B). Cell nuclei are stained blue. Magnification: 40x
objective at a final resolution of 0.221pum/pixel. Scale bar = 50um

'S
-.

Fig. A4: Exemplary immunohistochemical staining against GABA (red) and TH (green) in the striatum of control

mice (A) and Pink17-mice (B) indicating that the staining intensity of GABA-positive neurons was slightly reduced
in Pink17 mice. Cell nuclei are stained blue. Left images indicate GABA, TH and cell nuclei staining. Middle images
indicate TH and cell nuclei staining. Right images indicate GABA and cell nuclei staining. Magnification: 40x
objective at a final resolution of 0.221um/pixel. Scale bar = 50um
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8.2.3. Quantification of neurotransmitter receptor densities
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Fig. A5: Bar charts of mean GABAergic receptor densities (fmol/mg protein) including standard deviation in brain
regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control
(light gray) and Pink1”- mice (dark gray). A: Ligand: [*H]Flumazenil; B: Ligand: [*H]CGP 54626
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Glutamate receptors
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Fig. A6: Bar charts of mean NMDA receptor densities (fmol/mg protein) including standard deviation in brain
regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control
(light gray) and Pink1”- mice (dark gray). Ligand: [*H]MK-801
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Acetylcholine receptors
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Fig. A7: Bar charts of mean cholinergic receptor densities (fmol/mg protein) including standard deviation in brain

regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control
(light gray) and Pink1”- mice (dark gray). A: Ligand: [*H]Oxotremorine-M; B: Ligand: [*H]4-DAMP; C: Ligand:

[H]Epibatidine
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Adrenaline receptors
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Fig. A8: Bar chart of mean a1 receptor densities (fmol/mg protein) including standard deviation in brain regions
of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of control (light
gray) and Pink1”- mice (dark gray). Ligand: [*H]Prazosin
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Dopamine receptors
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Fig. A9: Bar charts of mean dopaminergic receptor densities (fmol/mg protein) including standard deviation in
brain areas OB, CPu, and SN of control (light gray) and Pink1”" mice (dark gray). A: Ligand: [*H]Raclopride;

B: Ligand: [3H]Fallypride
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Serotonin receptors
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Fig. A10: Bar charts of mean serotonergic receptor densities (fmol/mg protein) including standard deviation in
brain regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of

control (light gray) and Pink1” mice (dark gray). A: Ligand: [*H]8-OH-DPAT; B: Ligand: [3*H]Ketanserin
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Adenosine receptors
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Fig. A11: Bar charts of mean adenosinergic receptor densities (fmol/mg protein) including standard deviation in
brain regions of the limbic (OB, hippocampal regions CA1, CA2/3, and DG) and motor systems (M1, CPu, SN) of
control (light gray) and Pink17 mice (dark gray). A: Ligand: [°*H]DPCPX; B: Ligand: [*H]ZM 241385
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