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Abbreviations

[*H] tritium

AMPA a-amino-3-hydroxy-5-methyl-4-isoxazol-propionic acid
BZ benzodiazepine

CA1l; CA2/3 cornu ammonis 1 and 2/3, hippocampus
CcAMP cyclic adenosine monophosphate

Cb cerebellum

COz2 carbon dioxide

CPu caudate putamen, striatum

Crybb2 BB2-crystallin gene

Crybb20377 the study relevant cataract mouse model
D23 dopamine receptor subtype 2/3

DG dentate gyrus, hippocampus

DPX dibutylphthalate polystyrene xylene
GABA y-aminobutyric acid

G-protein guanine nucleotide-binding protein
INM-1 Institute of Neuroscience and Medicine
M1 primary motor cortex

mGluzss metabotropic glutamate receptor subtype 2/3
NMDA N-methyl-D-aspartate

OB olfactory bulb

Puc p-valu€uncorrected

S1 somatosensory cortex

SD standard deviation

V1 primary visual cortex



Abstract

Abstract

Age-related cataract is one of the most common cause of vision decline and could be
associated to structural and functional impairments of the brain. The causal link
between the disease and mutations of crystalline genes as well as the resulting protein
structure changes is well known.

The aim of the present study was to investigate mean densities and distribution
patterns of eight neurotransmitter receptors (AMPA, kainate, NMDA, mGluzz, GABAA,
BZ, GABAs and Dz2s3) in the brains of Crybb29377 compared to control mice, by means
of quantitative in vitro receptor autoradiography.

Receptor distribution patterns were similar between cataract and wild type animals for
all receptor types and brain regions investigated. No significant changes between
receptor densities of both groups could be found based on statistics including
correction for multiple comparisons. However, differential nominally significant results

of changed densities for kainate, GABAA and GABABs receptors could be determined.

A tended increase of kainate as well as GABAs receptor densities were shown for the
visual cortex of cataract mice. This could indicate possible compensatory processes
for the maintenance of neuronal function and the synaptic plasticity in the potentially
affected visual cortex of Crybb20377 mice. Additionally, GABAAa receptors exhibited
tendencies of decreased densities in the olfactory bulb, the somatosensory cortex and
the hippocampal CA1 region of Crybb29377 mice. These receptor downregulations
could also represent compensatory mechanisms with respect to inhibitory chloride

currents in order to maintain excitability in cataract-affected neurons.

In sum, the results of the present study indicate differential trends of altered
neurotransmitter receptor densities in the brains of Crybb2°377 mice compared to
corresponding controls. These provided novel data for possible neurological
compensations due to cataract in early development. Thus, kainate, GABAa and
GABAB receptors as well as the respective neurotransmitter systems in general, have

been identified as interesting targets for future studies.



Introduction

1 Introduction

1.1. Age-related cataract

Age-related cataract is a vision-impairing disease that is characterized by progressive
clouding of the eye lens. According to an extrapolation of the “International Centre for
Eye Health”, age-related cataract will affect around 800 million people aged over 60
years in 2020 (Allen Foster, 2000). The rising tendency of cataract patients points out
the importance for a comprehensive understanding of the disease, ideally enabling

improved possibilities for diagnosis and therapy.

Age-related cataract occurs between an age of 45 and 60 years and the prevalence of
cataract appearance rises with age (Ueda et al., 2002). Major pathogenic factors for
the development of cataract are age-related changes and aggregation of lens proteins
(Lampi et al., 1998). The most abundant eye lens proteins are crystallins (Bateman et
al., 2003; Chen et al., 2013), which represent about 90 % of the vertebrate eye lens
content (Wistow and Piatigorsky, 1988; Chen et al., 2013). Crystallins can be
subdivided into three main classes, a- ,B- and y-crystallins, based on their
characteristic amino acid compositions and polypeptide chains (Brady et al., 1997).

The present study focused on the most prominent BB2-crystallins (Bax et al., 1990).

The most important feature of crystallins is the water-solubility, which is required for
permanent lens clarity and the high refraction index of the eye lens (Bateman et al.,
2003; Zhang et al., 2008). BB2-crystallins play an essential role in maintaining the
water-solubility because of extensive intramolecular protein interactions (Trinkl et al.,
1994). During aging as well as in the development of cataract, protein structures of
crystallins are altered by additional posttranslational protein modifications i.e.
phosphorylation and deamination (Lampi et al., 1998; Zhang et al., 2008).
Consequently, the interactions of the resulting modified protein structures are affected,
leading to the formation of insoluble crystallin aggregates (Chambers and Russell,
1991; Lampi et al., 2014). In particular, the aggregation and accumulation of disrupted
BB2-crystallins was described as one critical reason for the development of lens

opacity in age-related cataract (Ueda et al., 2002; Zhang et al., 2008).

Formation of insoluble crystallin aggregates results in the cataract phenotypic opacity,
mostly spreading from the center of the lens to the periphery (Ueda et al., 2002). Lens
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opacity reduces the refraction of incident light and affects light focusing onto the retina
(Lampi et al., 1998), which is a reason for light scattering and thus the visual

impairment of cataract patients (Brady et al., 1997).

Age-related cataract was described as major reason for visual impairment that could
be associated to cognitive decline and abnormal changes in the brain structure,
especially in the older population (Lin et al.,, 2018; Maharani et al., 2018).
Neurotransmitters as well as their respective receptors play a decisive role for the
function and thus also the structure of the brain. In the present study, three classical
neurotransmitter systems were investigated, regarding their regional localization as

well as quantitative presence in brains of cataract-affected and healthy mice.

1.2. Crybb2°%77 — A mouse model of cataract

BB2-crystallins are the most abundant as well as least modified crystallins and exhibit
extensive protein interactions (Trinkl et al., 1994). These two facts lead to the
assumption, that BB2-crystallins play a major role in maintaining the water-solubility
necessary for lens clarity (Zhang et al., 2008; Chen et al., 2013). The O377 mouse
model (Crybb20377) of age-related cataract is characterized by a point mutation in the
BB2-crystallin gene (Crybb2), which leads to the formation of insoluble BB2-crystallin
aggregates (Graw, 2009). Mutational-dependent, as well as cataract-associated
affected BB2-crystallin folding was described as a critical reason for the development

of lens opacity and cataract (Ueda et al., 2002).

The homozygous Crybb2°377 mice analyzed in the present study were established and
described by Graw et al., 2009 (Graw, 2009). In detail, the O377 cataract mutation is
based on a transversion from adenine to thymidine in a specific position of Crybb2,
which leads to the insertion of a 57 bp mMRNA sequence. This sequence forms an
additional peptide loop result in affected protein folding and the formation of insoluble
BB2-crystallin lens aggregates, which cause the cataract-phenotypic lens opacity
(Ganguly et al., 2008; Graw, 2009; Sun et al., 2013).

In Crybb2 knock out mice lens opacity starts after 6 to 8 weeks of age, continues
progressively with age, and is completely developed after 18 months (Zhang et al.,
2008). Additional to an assumed lens opacity, Crybb2°377 mice seemed to exhibit

2
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behavioral alterations i.e., spending more time in social investigations. Furthermore,

no olfactory deficits could be observed in Crybb29377 mice (Sun et al., 2013).

1.3. Receptor autoradiography & neurotransmitter systems

Neurotransmitters and their receptors are decisive elements of neuronal signal
transduction and thus play an important role for cognitive function. Previous studies
showed differential alterations of neurotransmitter systems in neurological and
psychiatric disorders of humans, as well as in corresponding animal models (Zilles et
al., 1999; Cremer et al., 2015a; Cremer et al., 2015b). Additionally, neurotransmitters
are clinically relevant, since their specific binding sites are frequently used as
pharmacological targets for the treatment of neurological and psychiatric disorders
(Sakurai et al., 1991; Corti et al., 2007).

The method of choice of the present study is the quantitative in vitro receptor
autoradiography that is based on a specific receptor binding procedure, using
tritium-labeled ligands to visualize and quantify neurotransmitter binding sites (Zilles et
al., 2002b; Zilles et al., 2002a). Differential alterations of neurotransmitter receptor
densities could be observed in ocular diseases (Boroojerdi et al., 2001; Moreno et al.,
2008) In the present study, glutamatergic (AMPA, kainate, NMDA, mGluzs),
GABAergic (GABAa, BZ, GABAB) and dopaminergic (Dzs3) receptors were investigated
regarding possible alterations of receptor densities as well as distribution patterns in
Crybb20377 mice compared to corresponding wild types.

Glutamate is the major excitatory neurotransmitter in the mammalian brain (Nusser et
al., 1994; Plested and Mayer, 2007). In the present study, we investigated ionotropic
AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazol-propionic acid), kainate and NMDA
(N-methyl-D-aspartate) receptors as well as the metabotropic glutamate receptor
subtype 2/3 (mGluz3) (Scheefhals and MacGillavry, 2018).

Activation of ionotropic glutamate receptors results in the opening of glutamate-gated
cation (i.e. sodium, calcium) channels (Plested and Mayer, 2007). The resulting
depolarization of the neurons initiates different excitatory pathways, e.g. in the context
of synaptic plasticity mechanisms (Traynelis et al., 2010), including the formation of

neuronal connections i.e., in the visual system (Hollmann and Heinemann, 1994;

3
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Kumar et al., 1994) or learning and memory processes (Kato et al., 2010). On the other
hand, metabotropic glutamate receptors are coupled to G-proteins and activation of
respective receptors results in different inhibitory effects, e.g. on adenylyl cyclase and
calcium channel activity (Chavis et al., 1994; Niswender and Conn, 2010). Inhibitory
effects are also involved in mechanisms of synaptic plasticity, amongst others in the
context of eye-specific neuronal connections (Reid et al., 1996; Cartmell and Schoepp,
2000).

In a pathologic condition, glutamate receptor overstimulation could lead to excitotoxic
calcium levels, which were mentioned in the context of neurological and psychiatric
disorders (Choi, 1988; Cartmell and Schoepp, 2000). Furthermore, glutamate
receptors are used as targets for pharmaceutical intervention in the treatment of

neurological and psychiatric disorders (Corti et al., 2007; De Filippis et al., 2015).

Y-Aminobutyric acid (GABA) is considered as the major inhibitory neurotransmitter
in the mammalian brain (Hand et al., 1997; Cancedda et al., 2007). In general, GABA
receptors include subgroups of ionotropic GABAA receptors and GABAa associated

benzodiazepine binding sites, as well as metabotropic GABAs receptors.

Binding of GABA to its ionotropic receptors triggers depolarization of the neurons and
mediates inhibitory signal transmission (Chen, 2014). The GABAergic system affects
cognitive processes which including e.g. visual perception (Iversen et al., 1971;
Cherubini and Conti, 2001). lonotropic GABAA receptors exhibit different subunit
compositions for the assembly of chloride permeable channels (Muller Herde et al.,
2017). Channel opening and the respective increase of chloride currents can inhibit
the firing of neuronal synapses (Cherubini et al., 1991). Under pathological conditions,
disrupted chloride channels seem to be involved in the development of opaque lenses
(i.e., in cataract) (Zhang et al., 1994). Benzodiazepine (BZ) binding to GABAAa receptors
results in an allosteric modulation of GABA-mediated chloride currents and therefore
changes in respective signal transmission (Sigel and Buhr, 1997).

GABAs coupled G-protein receptors modulate several neuronal processes mainly
through different inhibitory actions, e.g. on adenylyl cyclase activity and calcium
channels (Guyon and Leresche, 1995; Nishikawa et al., 1997). These effects of
metabotropic GABAs receptors regulate, amongst others, mechanisms of synaptic

plasticity, which is required for individual modulation of neuronal connections in several

4
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cognitive processes, including learning and memory as well as visual perception
(Boroojerdi et al., 2001; Chalifoux and Carter, 2010; Benke et al., 2012).

Dopamine receptors are G-protein coupled and predominantly located on striatal
neurons (Stoof, 1988; Boschen et al., 2011). Inhibitory effects, e.g. on adenylyl cyclase
and calcium channel activity and resulting neuronal responses, e.g. changed synaptic
plasticity of the dopamine receptor subtype 2/3 (D23) (Onali et al., 1985). To date, little

is known about the involvement of dopamine receptors in visual perception
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2 Aim of the study

The aim of the present study was to investigate alterations of neurotransmitter receptor
densities and distribution patterns in cataract-affected Crybb2°377 and corresponding
wild type mice, by means of quantitative in vitro receptor autoradiography. In detail,
densities and distribution patterns of eight receptor types of three neurotransmitter
systems (Glutamatergic: AMPA, kainate, NMDA, mGluz3; GABAergic: GABAa, BZ,
GABABg and Dopaminergic: D2/3) were investigated in nine brain regions (olfactory bulb,
motor and somatosensory cortex, striatum, visual cortex, hippocampal CA1, CA2/3,
DG and cerebellum) in order to obtain a comprehensive overview of neurotransmitter

receptor expression in this mouse model of cataract

Ocular diseases have been shown to contribute to cognitive decline and abnormal
changes in brain structure (Lin et al., 2018). The increasing prevalence of age-related
cataract (Allen Foster, 2000) along with the causal link to changes in BB2-crystallins
emphasizes the importance of a comprehensive understanding of the pathological
changes associated with the disease as well as the underlying mechanisms. This
knowledge could provide the foundation required for the improvement of both,
possibilities for diagnosis and therapy. The present study was focused on the analysis
of neurotransmitter receptors, thereby enabling a comprehensive overview of one

crucial aspect of neuronal signal transduction in an animal model of cataract.
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3 Materials and Methods

3.1. Animals

All experiments were performed in accordance to the German animal welfare act and
approved by the responsible governmental agency, LANUV NRW (Landesamt fur
Natur, Umwelt und Verbraucherschutz NRW).

Brains of 4-5 months old mice were generously provided by Prof. Dr. med. Jochen
Graw (Institute of Developmental Genetics, Helmholtz Center Munich, Germany). For
the autoradiographic investigations we used homozygous male Crybb209377 mice
(n=10) and corresponding male control mice (n=9). Brain sectioning and the
autoradiographic analysis of all 19 mice brains, were performed in the Institute of

Neuroscience and Medicine 1 (Forschungszentrum Jilich, Germany).

3.2. Preparation of tissue and slices

The mice were anesthetized using carbon dioxide (CO2) and subsequently
decapitated. After immediate dissection, the brains were frozen in isopentane at -
70 °C, stored on dry ice and delivered to Forschungszentrum Jilich. Subsequently, the

brains were stored at -80 °C.

The frozen and unfixed brains were embedded in Tissue Tec (Sakura, Finetek
Germany GmbH), and blocked on a specimen holder. Coronal serial slices (thickness
10 um) were prepared with a cryostat microtome (Leica Biosystems Vertrieb GmbH,
Mikroskopie und Histologie, Wetzlar, Germany) at -15 °C. The brain tissue slices were
thaw-mounted on silanized microscope glass slides (Starfrost, 76x26 mm, Germany),
dried on a heating plate, and stored in vacuum-sealed plastic boxes at -80 °C.
Alternating slices were used for histological staining (cresyl violet) or receptor

autoradiography, respectively.
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3.3. Receptor autoradiography

In the present study, receptor densities of three different neurotransmitter systems
were examined using quantitative in vitro receptor autoradiography (glutamatergic
receptors: AMPA, kainate, NMDA and mGluzs; GABAergic receptors: GABAa, GABAa
associated benzodiazepine binding sites and GABAs; dopaminergic receptor: Dz3)
(Zilles et al., 2002b; Zilles et al., 2002a).

In general, the autoradiographic labeling method consists of three steps. The
pre-incubation step, the main incubation with [3H]-labeled ligands and the washing
step. The receptor-specific autoradiography protocols are summarized in table 1,
including the [®*H]ligand work concentrations, the composition of the buffer solutions
and the duration of pre-/ main incubation as well as washing steps. The day before a
respective binding experiment, the frozen and unfixed tissue slices were pre- warmed
at room temperature and the buffers were prepared and stored at 4 °C.

The binding procedure started with the pre-incubation in buffer solution, which took
15 to 30 min. After this rehydrating step, endogenous receptor binding substances
were washed out. Thus, the binding sites were available for the receptor specific
[*H]-labeled ligands(Zilles et al., 2002a).

In the main incubation the sections were incubated in buffer solution containing
specific working concentrations of a respective [3H]ligand. The actual ligand working
concentration was controlled in the Liguid Scintillation Counter 300 SL (Hidex,
Finland). In a parallel approach of the main incubation a non-radioactive competitor
(about a thousand times higher concentrated) was added to some of the tissue slices
to measure unspecific receptor binding (Scheperjans et al., 2005). After a competition
for the receptor binding site, the highly affine competitor displaces the [*H]ligand (Zilles
et al., 1986). Thus, the nonspecific, and therefore non-displaceable binding can be
measured. The main incubation took either 60 or 90 min and meanwhile slices were
light-protected.

For stopping the binding reaction and elimination of remaining ligands and buffer salts,
the main incubation is followed by rinsing steps in ice-cold buffer solution or ice-cold

distilled water, respectively. Finally, slices were dried under a constant stream of air.
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Table 1 Binding protocols including the working concentrations of the [2H]ligands and competitors, the incubation steps and buffer compositions. * Chemicals

only added to the main incubation.

Receptor [3H]ligand Competitor Incubation Buffer Pre- Main Rinsing
[concentration  [concentration incubation incubation
in NnM] in uM]

AMPA AMPA Quisqualate 50 mM Tris-acetate (pH 7.2) 3x 10 min, 45 min, 4x 4 sec in buffer,
[9.62] [10] + 100 mM KSCN* 4°C 4°C 4°C;

2x2secin2.5%
Glutaraldehyde in

acetone
Kainate Kainate SYM2081 50 mM Tris-citrate (pH 7.1)  3x 10 min, 45 min, 3x 4 sec in buffer,
[9,41] [100] + 10 mM Ca-acetate x H20* 4°C 4°C 4°C;

2x2secin25%
Glutaraldehyde in

acetone
NMDA MK801 (+)MK801 50 mM Tris-HCI (pH 7.2) 15 min, 60 min, 2x 5 min in buffer,
[3.58] [100] + 50 uM Glutamate 4°C 22°C 4°C;
+ 50 uM Spermidine* 1 sec in distilled
+ 30 uM Glycine* water
mGluzz LY341,495 L-Glutamate 1x PBS (pH 7.4) 2X 5 min, 60 min, 2X 5 min in buffer,
[1.01] [1000] +137 mM NacCl 22°C 4°C 4°C;
+ 2,7 mM KCI 1 sec in distilled
+ 4,3 mM NazHPOs x 2 H20 water
+ 1,4 mM KH2PO4
+ 100 mM KBr*
GABAA Muscimol GABA 50 mM Tris-citrate (pH 7.0)  3x 5 min, 40 min, 3x 3 sec in buffer,
[7.42] [10] 4°C 4°C 4°C;
1 sec in distilled
water
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BZ Flumazenil Clonazepam 170 mM Tris-HCI (pH 7.4) 15 min, 60 min, 2x 1 min in buffer,
[1.07] [2] 4°C 4°C 4°C;
1 sec in distilled
water
GABAsB CGP54626 CGP55845 50 mM Tris-HCI (pH 7.2) 3x 5 min, 60 min, 3x 2 sec in buffer,
[2.11] [100] + 2.5 mM CaClz x 2 H20 4°C 4°C 4°C;
1 sec in distilled
water
D2s3 Fallypride Haloperidol 50 mM Tris-HCI (pH 7.4) 30 min, 60 min, 2X 2 min, 4°C;
[3.82] [10] + 120 mM NacCl 22°C 37°C 1 sec in distilled
+ 5 mM KClI water

10
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3.4. Film exposition and development

Radiolabeled brain slices and calibrated plastic standards with increasing concentrations

of radioactivity were

co-exposed. After drying, slices were fixed on white paper sheets

using double-sided adhesive tape, and tritium-sensitive film sheets (Carestream Biomax

MR-1, 24x30 cm, Sigma-Aldrich Chemie GmbH, Steinheim, Germany) were placed on top

of both. Film sheets and slices were fastened between two plastic plates, to prevent

slipping during the exposition, and finally stored into light-protected wooden boxes for

ligand-depended exposition times between 9 and 15 weeks (table 2).

Table 2 Film exposition times of the [*H]ligands examined in weeks.

Exposition time

[*H]ligand weeks]
AMPA 15
Kainate 12

MK 801 12
LY341,495 10
Muscimol 12
Flumazenil 9
CGP54626 10
Fallypride 15

After exposition, the

film sheets were photographically developed in total darkness by

using a tritium-sensitive emulsion (GBX-Developer & DBX-Fixer, Carestream Dental,

Atlanta, USA) and a Hyperprocessor (Amersham Biosciences Europe GmbH, Freiburg im

Breisgau, Germany).

11
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3.5. Digitalization and densitometric analysis

The exposed film sheets were digitized using the digital camera AxioCam HRc (Carl Zeiss
Mikro Imaging GmbH, Germany) connected to the AxioVision Rel. 4.8. Software (Carl
Zeiss, Gottingen, Germany). The camera was pre-warmed for 20 min before starting, and
the whole digitalization procedure was done in darkness on a homogenous illuminated
light table. First, a shading correction was carried out to obtain a homogenous light
intensity in the measuring area of the film sheets. Afterwards, the gray value of a
homogenous illuminated area of each digitized film-sheet was measured. The resulting
brightness was adjusted to a defined range and controlled for every film-sheet.
Preparatory settings were not varied during the process of digitalization to guarantee

comparable and reproducible images.

12
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1(

<
mGilu mGilu
213 213

Figure 1 Mouse brain coronal slices showing GABAa associated benzodiazepine binding sites
([BH]flumazenil) and mGlu2/3 receptors ([?H]LY341,495). Red circled brain regions: (1) olfactory bulb (OB);
(2) striatum (CPu), motor (M1) and somatosensory (S1) cortex; (3) hippocampal CA1, CA2/3, DG; (4) visual
cortex (V1); (5) cerebellum (Cb).

The autoradiograms were analyzed using the software AxioVision Rel. 4.8 (Zeiss, Carl
Zeiss Mikro Imaging GmbH, Germany) (Palacios et al., 1981; Quirion et al., 1981) and the
brain regions were delineated (see figure 1) in both hemispheres based on "The Mouse
Brain in Stereotaxic Coordinates” (Paxinos and Franklin, 2001). Examined brain regions
included the olfactory bulb (OB), the motor (M1) and the somatosensory cortex (S1), the
striatum (caudate putamen, CPu), the hippocampus including CA (cornu ammonis) 1 and

13
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CAZ2/3, and DG (dentate gyrus), as well as the visual cortex (V1) and the cerebellum (Cb).
For the densitometric measurement, three autoradiograms per mouse brain and

investigated region were averaged.

3.6. Calibration, color coding and data analysis

For calibration purposes, co-exposed standards with known concentrations of radioactivity
were used to compute non-linear transformation curves. Based on these transformation
curves, the gray values of each pixel of an autoradiographic image were converted into
concentration of radioactivity and corresponding receptor densities in fmol/ mg protein.
The linearized relationship between gray values and receptor densities allowed color-
coding of the gray values to visualize specific receptor distributions. Red-colored pixels

correspond to high receptor densities (fmol/ mg protein) and low receptor densities were

colored in dark blue (figure 2).

Figure 2 Procedure of color-coding after binding of mGluziz receptors with [3H]LY341,495 (A) Digitized

autoradiogram, (B) inverted image for densitometric evaluation and (C) converted color-coded image.

3.7. Histological staining

Brain slices were stained using cresyl violet, in accordance with established protocols, to
enable the cytoarchitectonic identification of the regions. Alternating slices were
formaldehyde fixated and stained using a 0.1 % cresyl violet acetate solution. In order to
achieve an optimal staining result, the brain slices were differentiated using 70 %

isopropanol. Afterwards, the slices were dehydrated in alcohol solutions of serially
14
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ascending concentrations and finally covered using DPX (dibutylphthalate polystyrene

xylene).

3.8. Statistical analysis

We first tested for interhemispheric differences in receptor densities. Global differences
for a given receptor type were statistically determined for each region individually by
means of an ANOVA (Systat® Version 13) with repeated measures. Bonferroni
corrections were applied and threshold was set at p < 0.05. Since the results of these tests
were not significant, data obtained from the left and right hemispheres were pooled for

further analyses, and mean and standard deviation of receptor densities were calculated.

Densities of AMPA, kainate, NMDA, mGluzi3, GABAa, and GABAB receptors were tested
separately for statistically significant differences between Crybb2°377 and wild type mice
using an ANOVA (Systat® Version 13) with repeated measures in which the animal groups

was treated as a between factor and region as within factor.

Since D23 receptor densities were below the detection level of in vitro receptor
autoradiography in all brain regions but the putamen, we applied an ANOVA with animal
groups as a between factor. Bonferroni corrections were applied and threshold was set at
p < 0.05. In the case of a significant result of the Omnibus test, pairwise comparisons

would be carried out for the receptor type in question by means of univariate f-tests.

In case of the visual cortex, receptor densities were analyzed by a MANOVA (Systat®
Version 13). The statistical analyses was applied with animal groups as independent
factor and neurotransmitter system as dependent factors. Bonferroni corrections were

applied and threshold was set at p < 0.05.
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4 Results

The receptor densities and distribution patterns of GABAergic (GABAa, BZ, GABAB),
glutamatergic (AMPA, kainate, NMDA, and mGluzz) and dopaminergic (D2s3)
neurotransmitter receptors were investigated in brains of Crybb2°377 mice and

corresponding control animals, by means of quantitative in vitro receptor autoradiography.

The results were tested for statistically significant differences of respective
neurotransmitter receptor densities. The statistical analysis indicated no significant
changes of neurotransmitter receptor densities in brains of Crybb2°377, compared to wild
type mice. However, results indicated differential tendencies of altered kainate, GABAAa
and GABAG& receptor densities in cataract-affected mice. Tendencies were defined by
nominally significant results, which could not be proven to be robust on a correction for

multiple comparisons.

4.1. Glutamate receptors

AMPA receptors

No significant differences in AMPA receptor densities could be observed in the examined
brain regions of Crybb2°377 compared to control mice. The color-coded images in figure 4
show the regional distribution pattern of AMPA receptor densities, which was similar in
the wild type and Crybb2°377 mice. AMPA receptor densities were low in the olfactory bulb,
the cortical areas M1, S1 and V1 as well as the striatum and the cerebellum. The
hippocampal regions CA1, CA2/3 and dentate gyrus exhibited higher AMPA receptor

densities.
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Figure 3 Bar charts showing mean densities (fmol/ mg protein) of AMPA receptors including standard
deviation in nine brain regions (OB, M1, S1, CPu, CAl, CA2/3, DG, V1 and Cb) of Crybb2°377 (0377; n = 10)

and corresponding wild type mice (wt; n = 9).
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Figure 4 Color-coded images representing the distribution pattern of AMPA receptors in Crybb29377 and

corresponding wild type mice (wt).

Kainate receptors

No significant differences of kainate receptor densities were determined between the

Crybb29377 and corresponding wild type mice. However, a tendency towards
18
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downregulated kainate receptor densities could be observed in the visual cortex
(puc = 0,01) of Crybb2°377 mice. This nominally significant result could not be proven to
robust based on a correction for multiple comparisons. Regional distribution patterns of
kainate receptors densities were similar between Crybb2°377 and corresponding wild type
mice (see figure 4). The lowest kainate receptor densities were found in the hippocampal
CAL region as well as the cerebellum and the highest in the olfactory bulb. In the other

brain regions analyzed kainate receptors were homogeneously distributed.
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Figure 5 Bar charts showing mean densities (fmol/ mg protein) of kainate receptors including standard
deviation in nine brain regions (OB, M1, S1, CPu, CA1, CA2/3, DG, V1 and Cb) of Crybb2°377 (0377; n = 10)
and corresponding wild type mice (wt; n = 9).
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Figure 6 Color-coded images representing the distribution patterns of kainate receptors in Crybb2°377 and

corresponding wild type mice (wt).
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NMDA receptors

[*H]MK801 specific NMDA receptors were investigated in all brain regions expect for the
cerebellum, where receptor densities were below the detection limit. No significant
alterations of NMDA receptor densities could be observed in the brains of Crybb2°377 mice
compared to controls. Figure 8 visualizes NMDA receptor densities, which were similar
distributed in the investigated brain regions of Crybb2©37’7 and wild type mice. Mean
densities of NMDA receptors were similar between most analyzed brain regions, except
for the CA1 region and the DG of the hippocampus, where receptor densities were

relatively high.
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Figure 7 Bar charts showing mean densities (fmol/ mg protein) of NMDA receptors including standard
deviation in eight brain regions (OB, M1, S1, CPu, CA1, CA2/3, DG and V1) of Crybb2°377 (0377; n = 10)

and corresponding wild type mice (wt; n = 9).
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Figure 8 Color-coded images representing the distribution patterns of NMDA receptors in Crybb2°377 and

corresponding wild type mice (wt).

mGluzs receptors

No significant metabotropic Gluzs receptor binding sites could be observed in brains of
Crybb20°377 mice compared to corresponding controls. In general, densities of mGluzz
receptors are distributed similarly between the investigated brain regions in both animal

groups (see figure 8). Low mean receptor densities could be found in the hippocampal
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CA1 and CA2/3 regions, as well as the cerebellum. High densities were observed in the

cortical areas M1, S1, V1 and the dentate gyrus.
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Figure 9 Bar charts showing mean densities (fmol/ mg protein) of mGluzs receptors including standard
deviation in nine brain regions (OB, M1, S1, CPu, CA1, CA2/3, DG, V1 and Cb) of Crybb2°377 (0377; n = 10)

and corresponding wild type mice (wt; n = 9).
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Figure 10 Color-coded images representing the distribution patterns of mGluzs receptors in Crybb29377 and

corresponding wild type mice (wt).
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4.2. GABA receptors

GABAA receptors

No significant differences of GABAAa receptor binding sites could be observed between
Crybb20377 and wild type mice using [*H]muscimol. However, nominally significant
p-values show a tendency of decreased GABAAa receptor densities in the olfactory bulb
(puc £ 0,05), the somatosensory cortex (puc <0,05) and the hippocampal CAl region
(puc < 0,05) in Crybb2©377 mice compared to corresponding controls. These nominally
significant results could not be proven to robust based on a correction for multiple
comparisons. Regional distribution patterns of GABAAa receptor densities are similar
between Crybb2°377 and control mice. Figure 10 indicates the highest GABAA receptor
densities in the cerebellum and a homogeneous distribution in the other brain regions,
expect for the striatum and the CA2/3 region of the hippocampus which exhibited lower

densities.
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Figure 11 Bar charts showing mean densities (fmol/ mg protein) of GABAa receptors including standard
deviation in nine brain regions (OB, M1, S1, CPu, CAl, CA2/3, DG, V1 and Cb) of Crybb2°3%77(0377; n = 10)

and corresponding wild type mice (wt; n = 9).
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Figure 12 Color-coded images representing distribution patterns of GABAa receptors in Crybb2°377 and

corresponding wild type mice (wt).
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GABAA associated benzodiazepine binding sites

BZ binding sites were investigated by means of [*H]flumazenil and no significant
differences could be found between Crybb2°9377 mice and corresponding control animals.
The regional distribution patterns of BZ binding sites were alike between mutated
Crybb20°377 mice and controls. The low densities of GABAa associated BZ binding sites
could be observed in the striatum and the cerebellum. In the other brain regions, analyzed
BZ binding site densities were Crybb2ogeneously distributed with slithly higher densities

in the olfactory bulb and lower ones in the CA2/3 region of the hippocampus.
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Figure 13 Bar charts showing mean densities (fmol/ mg protein) of benzodiazepine binding sites including
standard deviation in nine brain regions (OB, M1, S1, CPu, CA1, CA2/3, DG, V1 and Cb) of Crybb20377
(O377; n = 10) and corresponding wild type mice (wt; n = 9).
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Figure 14 Color-coded images representing the distribution patterns of benzodiazepine binding sites

Crybb2©377 and corresponding wild type mice (wt).
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GABAG& receptors

[BH]CGP54626 specific GABAB receptor binding sites did not differ significantly between
the two experimental animal groups. However, a nominally significant trend towards
increased GABA& receptor binding sites could be observed in the visual cortex (puc < 0,05)
of Crybb20377 mice compared to corresponding controls. These nominal significant result
could not be proven to be robust based on a correction for multiple comparisons. Mean
densities of GABABg receptors were comparatively low in the olfactory bulb and the striatum

of both groups and homogeneously distributed in the other brain regions examined.
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Figure 15 Bar charts showing mean densities (fmol/ mg protein) of GABAs including standard deviation in
nine brain regions (OB, M1, S1, CPu, CAl, CA2/3, DG, V1 and Cb) of Crybb29377 (0377; n = 10) and
corresponding wild type mice (wt; n = 9).
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Figure 16 Color-coded images representing the distribution patterns of GABAg receptors in Crybb2°377 and

corresponding wild type mice (wt).
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4.3. Dopaminess receptors

D23 receptors were revealed by [*H]fallypride and analyzed exclusively for the striatum,
since the expression level in the other brain regions was below the detection limit.
Compared to the wild type, no significant alterations of D23 receptor binding sites could
be found in Crybb29377 mice.
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Figure 17 Bar charts showing mean densities (fmol/ mg protein) of D23 including standard deviation in the
striatum (CPu) of Crybb2°377 (0377; n = 10) and corresponding wild type mice (wt; n = 9).
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Figure 18 Color-coded images representing the distribution patterns of D23 receptors in Crybb2°377 and

corresponding wild type mice (wt).
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5 Discussion

Age-related cataract is one of the commonest cause of blindness worldwide (Asbell et al.,
2005; Song et al., 2014) and the prevalence of cataract development increases with age
(Ueda et al., 2002). Extrapolations predicted a continuous increase of cataract patients in
the future (Allen Foster, 2000). That points out the importance for obtaining an extensive
knowledge of the disease as well as the underlying mechanisms, e.g. via the

establishment and comprehensive analysis of corresponding cataract animal models.

In order to obtain a comprehensive overview, quantitative in vitro receptor
autoradiography was used for the investigation of eight neurotransmitter receptors
(glutamatergic: AMPA, kainate, NMDA, mGluz3; GABAergic: GABAa, BZ, GABAg;
dopaminergic: D2s3) in the brains of Crybb2©377 and corresponding control mice. Regarding
neurotransmitter receptor densities, no significant alterations between both animal groups
could be found. However, differential tendencies of altered kainate, GABAA and GABAs
receptor densities could be observed in specific brain regions of Crybb2°377 mice (i.e.,
olfactory bulb, visual cortex). These nominally significant results could not be proven to

be robust based on a correction for multiple comparisons.

5.1. Glutamate receptors

Glutamate is the major excitatory neurotransmitter. In general, glutamate receptors can
be subdivided into ionotropic (AMPA, kainate and NMDA) and metabotropic (i.e., mGluzsz)
receptors. Under physiological conditions, excitatory neurotransmission plays an
important role in mechanisms of synaptic plasticity, e.g. in neurons of the visual system
(Kumar et al.,, 1994). On the other hand, excessive activation of glutamate receptors
seems to be involved in neuron damaging, which was described in association to

neurological disorders (Choi, 1988; Hollmann and Heinemann, 1994).

In the present study a tendency towards increased kainate receptor densities could be
observed in the visual cortex of Crybb20377 compared to corresponding wild type mice. In
general, ionotropic kainate receptors mediate fast excitatory signals to modulate neuronal

excitability as well as synaptic plasticity, which underly different cognitive functions, e.g.
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in the visual system (Kumar et al., 1994; Morimoto-Tomita et al., 2009; Contractor et al.,
2011). A cataract-related trend towards upregulated kainate receptor densities could be
an indication for an enhancement of kainate receptor expression rather than changes in
receptor affinities. In this case, the visual cortex would have an increased potential for
synaptic plasticity mechanisms (Hollmann and Heinemann, 1994; Kumar et al., 1994),
potentially being associated to compensatory mechanisms resulting from the visual
deficits of Crybb2°377 mice.

This would be in line with a study from Boroojerdi et al. (2001) which described that visual
deprivation induces a rapid increase of neuronal excitability in the visual cortex (Boroojerdi
et al., 2001). Therefore, the investigated trend of increased kainate receptors as well as
the resulting increased neuronal excitability, could be a mechanism to prevent cognitive
decline due to visual deprivation in cataract mice (Maharani et al., 2018). Further
investigations are needed to substantiate this thesis.

On the other hand, the trend of upregulated kainate receptors could be an indication for
overstimulated glutamate receptor transmission. Under pathological conditions, excessive
glutamate receptor activation can lead to excitotoxicity and subsequent

neurodegenerative processes (Choi, 1988).

5.2. GABA receptors

The majority of inhibitory signal transmission is mediated through GABA. Its receptors are
subdivided into ionotropic GABAA receptors, including a benzodiazepine binding site and
metabotropic GABAs receptors. Inhibitory GABAergic receptors constitute an important
part in the mechanisms of synaptic plasticity in the visual cortex, that are responsible for

visual perception and experience during the whole life (Boroojerdi et al., 2001).

In the present study, GABAAa receptors showed nominally significantly decreased
densities in the olfactory bulb, the somatosensory cortex and the hippocampal CA1 region
of Crybb209377 mice. Inhibitory GABAA receptors are pentameric assemblies with individual
subunit compositions dependent on their brain localization and developmental state
(Mller Herde et al., 2017). The high affinity ligand [*H]muscimol binds to all kinds of
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GABAA receptor assemblies (Chandra et al., 2010) and was therefore suitable for the
autoradiographic investigation of all GABAA receptors in the present study.

Under physiological conditions, activation of ionotropic GABAAa receptors opens chloride
channels and increases chloride conductance, thus resulting in the inhibition of neuronal
firing (Cherubini et al.,, 1991). As a possible compensatory mechanism, the trend to
GABAAa receptor downregulation could counteract increased hyperpolarizing chloride
currents, possibly leading to a maintenance of neuronal activity in the brain of Crybb20377
mice.

A previous study showed a significant decrease of GABAA receptors in rats after visual
deprivation (He et al., 2006). This is in line with the trend towards downregulated GABAAa
receptor densities observed in the present cataract-affected mice.

On the other hand, chloride channels seem to be involved in maintaining lens clarity. In
this case, channel disruptions could induce lens opacity consistent with cataract formation
(Zhang et al., 1994). Therefore, the tendency towards changed GABAA receptor densities
found in this study could be associated to alterations of chloride currents, which in turn

may have negative effects on the lens transparency.

Regarding GAB A& receptors, nominally significant increased densities could be observed
in the visual cortex of Crybb29377 mice compared to wild type animals, indicating a
possible enhancement of GABAB& receptor expression in the visual cortex of cataract mice.
In general, metabotropic GABAg receptors are involved in processes of synaptic plasticity,
e.g. in the visual system (Cartmell and Schoepp, 2000). Thus, the trend towards increased
GABABg receptor densities could be a stimulating process of synaptic plasticity-dependent
formation of eye-specific connections (Reid et al., 1996). Furthermore, mechanisms of the
synaptic plasticity could counteract the decline of visual function in cataract mice (Lin et
al., 2018).

Additionally, GABA& receptor activations reduces calcium currents due to the inhibition of
channel activity (Benke et al., 2012; Turecek et al., 2014). Increased calcium contents
may have toxic effects, which seemed to be closely correlated with neuronal degeneration
(Choi, 1988). In the case of the present study, the cataract-associated tendency of
increased GABAs receptor densities could have inhibitory effects on cytotoxic calcium

currents, thus counteracting possible neurodegenerative processes.
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5.3. Crybb2%377 — A mouse model of cataract

Nominally significant tendencies of differentially altered kainate, GABAa and GABAs
receptor densities could be observed in specific brain regions (i.e. visual cortex,
hippocampal CA1) of Crybb2°377 mice, but could not be proven to be statistically robust
based on a correction for multiple comparisons.

The study was designed using ten Crybb20377 and nine wild type mice brains. All mice
had the same gender and genetic background in order to ensure low interindividual
differences. Nevertheless, a higher sample size might optimize the results and further

reduce the standard deviation, thus changing the statistical power of the described results.

The Crybb2°377 mouse model is based on a mutation in the BB2-crystallin gene (Ganguly
et al., 2008). This crystallin subtype constitutes the major lens proteins and seems to be
essential for continuous lens clarity by maintaining the water-solubility (Trinkl et al., 1994).
Additionally, BB2-crystallins are the least modified proteins during aging, which indicates
their essential function (Chen et al., 2013). Thus, we are sure that the Crybb2°377 mouse
is a suitable model for investigations on cataract. However, some optimizing aspects i.e.,
the age of the Crybb209377 mice, are discussed in the following, additional to some
approaches for further research.

The nervous system is endowed with potent signaling systems to maintain stable
functionality, despite numerous changes during normal development as well as due to
neuropathological causes (Kiragasi et al., 2017). The robustness of baseline
neurotransmission underscores that changes of neurotransmitter systems mainly occur in
a more advanced disease condition (Kiragasi et al., 2017). This could be one reason for
the limited detection of changed neurotransmitter receptor densities in the present study.
Comparable to humans, Crybb20377 mice show an age-dependent development of the
cataract, i.e. in case of the mice, starting postnatal and progressing with age (Graw, 2009).
In a Crybb2 knock out mouse model, the complete opacity of the whole lens was observed
after 18 months of age (Zhang et al., 2008). For the present study, brains of 16 to 19
weeks (4-5 months) old Crybb2°377 mice were used. It could be possible, that the opacity
of the mouse lens and subsequent age-related cataract was not completely developed at

the time of 4-5 months of age. In this case, the neuronal alterations, e.g. changes in
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neurotransmitter receptor densities may also not have been fully developed and therefore
only limited detectable. Based on the age-dependency of cataract, nominally higher
alterations of neurotransmitter receptor densities, that could be proven to be robust via
statistical testing, could probably be determined in older Crybb2°377 mice (Zhang et al.,
2008). Further investigations comparing the present findings with those of older
Crybb2°377 mice as well as with data of age-related cataract in humans would be
interesting.

To date, little is known about the behavior of Crybb2©377 mice. However, a study from Sun
et al. (2013) described that Crybb2°377 mice spend more time with social investigations
(Sun et al.,, 2013). This could indicate a possible compensation for the assumed
cataract-dependent visual impairment, via an orientation mode using direct mice clan
contact. Mice were also shown to learn and recognize the external environment utilizing
non-visual information, i.e., sensory compensation (lura and Udo, 2014). Based on these
results, additional neurotransmitter systems that play an important role for social
interaction would be an interesting target for future studies, e.g. the serotonergic system
(Olivier et al., 1989; Bibancos et al., 2007).

In general, compensatory mechanisms are an opportunity of the brain to ensure proper
functioning of signal transduction in the case of pathological changes, e.g. by dynamic
modulation of neuronal synapses. Mechanisms of synaptic plasticity are mainly carried
out by neuronal signal mediation i.e., due to glutamatergic and GABAergic transmitter
systems (Kumar et al., 1994; Cartmell and Schoepp, 2000). Based on this, it is possible,
that neurotransmitter receptors in Crybb2°3’7 mice are adjusted with respect to their
distribution as well as their densities, thus not exhibiting detectable alterations. In this case
again, it would be interesting to analyze older animals to find out, whether changes occur
after a certain time point at which the compensatory mechanisms are no longer able to
ensure proper functioning. Furthermore, it could be analyzed whether changes in
neurotransmitter receptor densities potentially occurring in older mice coincide with

behavioral changes or if one effect precedes the other.
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7 Appendix

Chemicals and technical equipment

Preparation of slices:

Cryostat Leica CM3050 (Leica Biosystems Vertrieb GmbH, Wetzlar, Germany)
Ethanol (Merck KGaA, Darmstadt, Germany)

Isopentane (Honeywell GmbH, Seelze, Germany)

Paraformaldehyde (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Phosphate buffered saline (PBS) (Invitrogen Life Technologies GmbH,
Darmstadt, Germany)

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

Tissue Tec (Sakura Finetek Germany GmbH)

Receptor autoradiography

Buffers and solutions:

Acetone (VWR International, Langenfeld, Germany)

Calcium acetate dihydrate (Ca-acetate * H20) (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany)

Calcium chloride dihydrate (CaClz x 2 H20) (VWR International, Langenfeld,
Germany)

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

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

Glutamate (Sigma-Aldrich Chemie, Steinheim, Germany)

Potassium bromide (KBr) (VWR International, Langenfeld, Germany)
Potassium chloride (KCIl) (VWR International, Langenfeld, Germany)
Potassium phosphate monobasic (KH2PO4) (VWR International, Langenfeld,
Germany)

Potassium thiocyanate (KSCN) (Sigma-Aldrich Chemie, Steinheim, Germany)
Sodium chloride (NaCl) (VWR International, Langenfeld, Germany)
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e Sodium phosphate dibasic dihydrate (Na2zHPO4 * 2 H20) (Merck KGaA,
Darmstadt, Germany)

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

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

e Tris-citrate (Sigma-Aldrich Chemie, Steinheim, Germany)

e Tris hydrochloride (HCI) (Sigma-Aldrich Chemie, Steinheim, Germany)

[*H]ligands:

e AMPA (PerkinElmer, Rodgau, Germany)

e CGP 54626 (PerkinElmer, Rodgau, Germany)

e Fallypride (Institute of Nuclear Chemistry, Johannes Gutenberg University Mainz,
Germany)

e Flumazenil (PerkinElmer, Rodgau, Germany)

e Kainate (PerkinElmer, Rodgau, Germany)

e LY 341,495 (PerkinElmer, Rodgau, Germany)

e MK 801 (PerkinElmer, Rodgau, Germany)

e Muscimol (PerkinElmer, Rodgau, Germany)

Competitors:

e (+)MK 801 (Biotrend Chemikalien GmbH, Cologne, Germany)

e Clonazepam (solution 1mg/ml) (Sigma-Aldrich Chemie, Steinheim, Germany)
e GABA (Biotrend Chemikalien GmbH, Cologne, Germany)

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

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

e Quisqualate (Biotrend Chemikalien GmbH, Cologne, Germany)

e SYM 2081 (Sigma-Aldrich Chemie, Steinheim, Germany)
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Film exposition and development

GE Healthcare Amersham Hyperfilm (Carestream Biomax MR-1, 24x30 cm,
Sigma-Aldrich Chemie GmbH, Steinheim, Germany)

GBX-Developer (Carestream Dental, Atlanta, USA)

GBX-Fixer (Carestream Dental, Atlanta, USA)

Hyperprocessor SRX-101A (Amersham Biosciences Europe GmbH, Freiburg im
Breisgau, Germany)

Digital processing

AxioVision Image Analyzer Rel. 4. 8. (Carl Zeiss Mikroimaging GmbH, Gottingen,
Germany)
Digital camera AxioCam HRc (Carl Zeiss Mikroimaging GmbH, Goéttingen,

Germany)

Histological staining

Acetic acid (Merck KGaA, Darmstadt, Germany)

Cresyl violet (Merck KGaA, Darmstadt, Germany)

DPX mountant (Fluka, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
Formaldehyde solution (Merck KGaA, Darmstadt, Germany)

2-Propanol (Merck KGaA, Darmstadt, Germany)

Sodium acetate (Merck KGaA, Darmstadt, Germany)

Sodium phosphate dibasic (Merck KGaA, Darmstadt, Germany)

Sodium phosphate monobasic monohydrate (Merck KGaA, Darmstadt, Germany)

XEM 200 (DiaTec, Diagnostische Systemtechnik, Bamberg Germany)
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8 Raw data

Raw data

Table 3 Quantitative receptor densities of ampa [fmol/ mg protein] in brain regions of wild type mice (wt) (I=left and r=right hemisphere). Mean * standard deviation

calculated.
AMPA Animal 11 12 18 22 23 27 28 33 39 Mesag i
Group wit wit wit wit wit wit wit wit wit
OB I 754 670 831 580 715 835 1128 935 847 804 + 161
r 782 637 733 607 629 873 1126 963 832
M1 | 794 737 631 643 672 825 982 1142 1069 815 + 175
r 810 696 649 597 633 794 960 1048 998
s1 | 771 752 637 652 680 872 890 1006 1027 708 + 139
r 764 767 707 571 654 782 866 939 1021
CPu | 504 514 542 462 432 664 659 930 603 582 + 138
r 528 518 538 428 449 595 663 873 576
| 2209 3212 2466 2883 2602 2822 2653 5719 3085 2694 +
CA1l 362
r 2076 3190 2463 2628 2285 2761 2518 5748 3245
| 1095 1906 1396 1236 1312 1667 1399 3116 1632 1645 +
CA2/3 573
r 1220 1891 1387 1397 1234 1452 1416 3056 1795
| 1516 2311 1734 1914 1728 1917 1800 3846 2063 2062 +
DG 664
r 1416 2304 1658 1763 1588 1922 1728 3641 2274
| 778 905 883 732 789 1116 1092 2136 1264 1099 +
Vi 443
r 828 1075 748 659 782 1198 1139 2179 1475
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Cb

527

603

548

Raw data

389 421

689

583

694

685

583

629

616

410 421

708

526

726

689

580 = 112

Table 4 Quantitative receptor densities of ampa [fmol/ mg protein] in brain regions of Crybb2 mutants (I=left and r=right hemisphere). Mean * standard deviation

calculated.
AMPA Animal 1 10 13 29 32 34 36 37 40 41 Mesag i
Group Crybb2 Crybb2 Crybb?2 Crybb?2 Crybb?2 Crybb2 Crybb2 Crybb2 Crybb?2 Crybb?2
OB | 792 661 731 652 684 793 755 806 1112 799 768 + 151
r 774 542 661 671 655 701 730 775 1181 889
M1 | 995 755 631 743 704 741 889 832 1068 953 826 + 143
r 1084 729 671 693 713 739 862 733 1033 956
s1 | 906 661 767 692 764 921 852 778 1113 1071 849 + 151
r 962 642 867 661 777 745 891 752 1048 1116
CPu I 780 555 663 538 640 653 550 604 737 786 648 + 92
r 737 538 677 531 633 663 529 609 716 812
| 2709 1981 2297 1960 2487 2868 3709 3696 3638 4097 2896 +
CAl 720
r 2496 2046 2894 1639 2548 2840 3894 3296 3374 3459
| 1552 1150 1413 1160 1338 1462 2076 1956 2148 2258 1619 +
CA2/3 388
r 1583 1138 1789 858 1525 1420 2127 1760 1798 1879
DG | 1922 1369 1745 1256 1634 1872 2381 2526 2573 3033 2014 +
535
r 1726 1409 2092 1124 1676 1903 2783 2460 2400 2405
Vi | 1142 753 1025 672 986 911 864 1056 1845 g50 [EEEEEE
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Raw data

r 1074 688 793 603 989 886 886 1031 1790 1005
I 542 460 516 492 688 578 740 463 803 622

Cb 480 + 116
r 535 405 479 449 617 699 616 496 779 620

Table 5 Quantitative receptor densities of kainate [fmol/ mg protein] in brain regions of wild type mice (wt) (I=left and r=right hemisphere). Mean + standard deviation

calculated.
. Animal 11 12 18 22 23 27 28 33 39 Mean *
Kainate )
Group wit wit wit wit wit wit wit wit wit
| 2803 2916 1931 2527 2527 2819 2498 2717 2467 2634 +
OB 302
r 3082 2961 2032 2628 2518 2929 2665 2863 2532
M1 | 1568 2102 1102 1761 1940 2125 2012 1812 1866 1803 +
305
r 1672 2000 1083 1682 1811 2184 1970 1866 1896
s1 | 1519 1738 1016 1586 1692 1803 1473 1627 1558 1530 +
221
r 1493 1593 1014 1485 1397 1810 1599 1679 1458
| 1855 2257 1361 2161 2049 2079 1825 2069 1835 1906 +
CPu 244
r 1812 2133 1354 1987 1883 2106 1861 1923 1760
CAL | 523 569 324 608 1375 640 528 588 527 585 + 217
r 532 558 315 619 602 647 488 574 506
| 1323 1385 943 1499 1373 1594 1264 1236 1264 1295 +
CA2/3 170
r 1262 1438 940 1392 1301 1420 1227 1353 1107
| 1483 1613 1017 1562 1384 1673 1440 1518 1316 1444 +
DG 203
r 1427 1595 1016 1536 1437 1753 1275 1636 1309
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Raw data

V1 I 1732 2249 1595 2030 1886 2269 1777 2196 1810 1900 +
229
r 1734 1854 1433 1973 1776 2132 1804 2119 1832
cb I 770 663 605 790 930 912 775 877 802 701 + 101
r 814 662 650 765 929 897 752 888 756

Table 6 Quantitative receptor densities of kainate [fmol/ mg protein] in brain regions of Crybb2 mutants (I=left and r=right hemisphere). Mean * standard deviation

calculated.
. Animal 1 10 13 29 32 34 36 37 40 41 Mean +
Kainate SD
Group Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb?2 Crybb2 Crybb2 Crybb2 Crybb2
OB I 2564 2731 2161 2929 2547 3408 2893 2867 2743 2788 2763
309
r 2562 2771 2146 2683 2591 3351 2923 3010 2764 2835
M1 I 2202 1834 1547 1864 1902 1997 2201 2301 2319 2148 2012 +
252
r 2102 1764 1474 1756 1980 1989 2260 2359 2236 2009
s1 I 1834 1665 1246 1659 1617 1641 1754 1743 1904 1715 1667 +
196
r 1837 1522 1185 1497 1619 1685 1796 1800 1985 1632
I 2236 2081 1692 2416 1860 2055 2191 2304 2291 2193 2097 +
CPu 299
r 2190 1942 1655 2024 1808 2024 2257 2339 2380 2004
CA1 I 625 596 334 543 608 609 601 726 670 485 577 + 103
r 621 593 321 535 616 575 627 696 644 513
I 1375 1482 991 1339 1522 1452 1420 1475 1464 1252 1355 +
CA2/3 153
r 1248 1464 950 1299 1379 1390 1501 1374 1415 1314
DG I 1669 1666 1077 1343 1617 1533 1750 1973 1694 1376
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Raw data

1571 +
r 1643 1673 1013 1355 1653 1585 1825 1809 1742 1425 242
V1 I 2658 2174 1576 2297 2482 2308 2310 3083 2699 2561 2351 +
384
r 2340 2147 1399 2409 2239 2071 2392 2848 2487 2547
cb I 893 909 534 869 785 810 925 1001 918 912 856 + 133
r 869 918 503 861 777 807 939 1038 952 891

Table 7 Quantitative receptor densities of NMDA [fmol/ mg protein] in brain regions of wild type mice (wt) (I=left and r=right hemisphere). Mean + standard deviation

calculated.
NMDA Animal 11 12 18 22 23 27 28 33 39 M%ag +
Group wt wt wit wi wi wit wit wit wt
OB | 897 1204 947 923 786 778 658 877 666 862 + 170
r 863 1250 958 930 785 778 650 906 655
M1 | 1548 1920 1615 1590 1447 1431 1209 1497 1112 1473 +
222
r 1481 1805 1506 1580 1442 1355 1245 1668 1067
s1 | 1517 1910 1520 1601 1390 1445 1182 1547 1180 1461 +
210
r 1493 1815 1509 1486 1367 1379 1127 1625 1196
CPu | 969 1089 1038 1015 807 892 740 1111 710 913 + 143
r 943 1040 941 949 800 893 702 1114 687
| 3903 4831 4331 3963 3651 3514 2910 4191 3203 3877 +
CAl 602
r 4241 5052 4174 3908 3950 3680 2957 4287 3035
CA2/3 | 1834 2458 2065 1858 1880 1722 1410 1949 1497
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Raw data

1889 +
r 1997 2471 1961 1877 1950 1741 1535 2227 1574 197
] 3118 3759 3394 3314 3336 2933 2397 3278 2441 3093
DG 432
r 3224 3691 3305 3234 3421 2827 2365 3184 2457
Vi I 1610 2220 1770 1654 1626 1707 1336 1669 1354 166 + 234
r 1738 2073 1791 1723 1651 1655 1367 1670 1324

Table 8 Quantitative receptor densities of NMDA [fmol/ mg protein] in brain regions of Crybb2 mutants (I=left and r=right hemisphere). Mean + standard deviation

calculated.
NMDA Animal 1 10 13 29 32 34 36 37 40 41 Mesa[; i
Group Crybb?2 Crybb?2 Crybb2 Crybb2 Crybb?2 Crybb2 Crybb?2 Crybb?2 Crybb?2 Crybb2
OB | 974 898 863 962 634 793 850 816 1000 883 864 + 106
r 973 879 918 969 628 783 813 803 990 860
M1 | 1834 1461 1814 1660 1179 1415 1393 1523 1843 1635 1543 +
199
r 1620 1444 1716 1682 1259 1272 1320 1482 1706 1599
s1 I 1701 1495 1885 1707 1156 1477 1355 1530 1868 1599 1556 +
208
r 1590 1502 1712 1753 1118 1451 1374 1472 1785 1587
CPU | 1024 993 1096 1072 718 834 861 922 1239 979 967 + 132
r 989 974 1020 1032 718 898 857 949 1183 981
| 4359 4016 4561 4395 3116 4065 3420 4207 4341 4125 4037 *
CAl 412
r 4239 3897 4250 4310 3233 4083 3496 4150 4511 3970
CA2/3 | 2226 2164 2133 2185 1430 1992 1577 2130 2261 2195
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Raw data

r 2234 1941 1918 2211 1575 2006 1826 2141 2517 2150 Z%Lé]% -
DG I 3669 3184 3363 3608 2534 3256 2791 3163 3561 3598 3%6569 *
r 3480 3173 3328 3724 2570 3317 2767 3199 3679 3357
Vi I 2085 1708 2155 1904 1401 1710 1634 1927 1973 1832 182%)86 *
r 1992 1751 2118 1796 1498 1647 1607 1963 1967 1884

Table 9 Quantitative receptor densities of mGluzsz [fmol/ mg protein] in brain regions of wild type mice (wt) (I=left and r=right hemisphere). Mean + standard deviation

calculated.
Animal 11 12 18 22 23 27 28 33 39 Mean +
mGluzs sD
Group wit wit wit wit wit wit wit wit wit
OB I 3422 3534 3985 3876 3613 3510 4391 3652 4507 3812 +
387
r 3352 3399 3822 3744 3660 3633 4414 3607 4491
M1 I 5303 6949 5737 4730 5510 4177 5581 4788 5629 5391 +
802
r 5396 7324 5486 4936 5576 4219 5704 4661 5338
s1 I 5424 6582 6420 5414 6311 4390 5614 5161 5388 5631 +
708
r 5430 6969 5356 5460 5885 4461 6576 5045 5478
I 3877 5047 4373 3453 3707 2939 3971 3565 3813 3824 +
CPu 538
r 3888 4817 4044 3671 3769 2903 3876 3403 3720
I 1681 2295 2156 2854 2389 1547 3398 3154 1999 2343 +
CAl 508
r 1760 2037 1993 2612 2699 1486 3382 2722 2011
I 1438 1497 1642 1986 1775 1449 2799 2021 1607 1728 +
CA2/3 385
r 1283 1312 1638 1686 1741 1323 2368 1858 1680
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Raw data

| 4098 6138 5253 5855 6269 4326 7438 5359 4114 5365 +
DG 1076
r 3824 5787 5128 5687 6148 4415 7395 4937 4401
v ! 6856 6685 6931 6463 7089 5523 7620 5167 4931 6405 +
912
r 6311 7150 6517 6910 6740 5229 8141 5859 5171
b | 1708 1894 1899 2317 1858 1648 2664 1932 2354 2000 +
311
r 1761 1855 1862 2043 1826 1657 2621 1837 2257

Table 10 Quantitative receptor densities of mGluzs [fmol/ mg protein] in brain regions of Crybb2 mutants (I=left and r=right hemisphere). Mean + standard deviation

calculated.
Animal 1 10 13 29 32 34 36 37 40 41 Mean =
mGIu2/3 sD
Group Crybb2 Crybb2 Crybb?2 Crybb?2 Crybb?2 Crybb2 Crybb2 Crybb2 Crybb?2 Crybb?2
OB | 2957 3807 3962 3980 4424 3966 4503 4029 4436 3850 3978 +
447
r 2889 3868 4217 4040 4675 3749 4219 4109 4210 3666
M1 | 5926 6567 5930 5972 6536 5691 4220 5285 7215 5794 5932 +
802
r 6259 6463 6329 6462 6351 5453 4199 4886 6933 6164
s1 | 5553 6671 6218 5787 6830 6096 4810 5019 7468 5844 5901 +
729
r 5657 6318 6418 6275 6472 5406 4812 4714 5569 6084
| 4371 4281 4343 4460 4741 3933 3400 3566 5415 4021 4185 +
CPu 549
r 4439 4323 4423 4427 4318 3925 3135 3291 4859 4031
| 2457 2879 2609 2409 3540 2707 2244 2363 3911 2327 2737 +
CAl 519
r 2584 2840 2518 2422 3597 2556 2294 2501 3688 2283
CA2/3 | 1897 2047 2089 1875 2678 1810 1813 1708 2698 2036
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Raw data

r 1809 1795 2065 2002 2933 1805 1952 1730 2487 2133 2%%% -

DG I 5706 6046 5706 5338 5918 5905 5528 4580 6165 5003 5553;%i
r 5496 6363 5635 4875 5998 5862 5549 4423 5660 4855

V1 I 7271 6815 6740 6608 6649 6943 6435 5154 7794 5278 6%%5; *
r 6858 7369 7095 5497 8090 6256 6574 5539 7682 5339

cb I 1869 1826 2125 2205 2637 1691 1865 1570 2502 1949 2%%971
r 1641 2005 2007 1980 2702 1664 1931 1608 2442 1951

Table 11 Quantitative receptor densities of GABAA [fmol/ mg protein] in brain regions of wild type mice (wt) (I=left and r=right hemisphere). Mean + standard deviation

calculated.
GABAA Animal 11 12 18 22 23 27 28 33 39 Mean + SD
Group wit wit wit wit wit wt wt wt wit
o8 | 2308 4122 3020 2785 2201 2629 2851 3994 2987 | ooco s 600
r 2268 4142 2680 2735 2330 2567 2779 3831 3084
" | 1684 2888 2169 1697 1814 2233 2219 2342 1941 | oot aoe
r 1693 2747 2451 1533 1816 2353 2814 2596 2090
o1 | 1854 3350 2556 2688 2722 2673 2723 3304 2468 | oo aun
r 2167 3146 2621 2271 2481 2994 2710 3362 3146
Py | 615 1212 898 946 778 910 1165 1119 923 084 5 154
r 637 926 828 912 768 951 1253 1187 973
CAl | 2241 2255 1945 2976 2282 1832 2641 2315 | 2296%349
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r 2056 2156 1890 2637 2591 1686 2518 2256
CA2/3 I 906 936 906 1052 889 847 1170 831 962 + 162
r 1314 898 890 880 951 801 996 956
DG I 1947 2167 1864 2402 2038 1491 2471 2238 1999 + 307
r 1721 2017 1868 2104 2159 1458 2277 2083
Vi I 1711 3315 3092 2337 2658 3368 2909 3166 3692 3040 + 412
r 2105 2815 3249 2360 2894 3331 2647 3706 3108
cb | 3836 5941 4971 5431 3686 4413 3438 5090 5389 4861 + 831
r 2948 6126 4588 5530 4243 4643 3520 5492 5274

Table 12 Quantitative receptor densities of GABAA [fmol/ mg protein] in brain regions of Crybb2 mutants (I=left and r=right hemisphere). Mean + standard deviation

calculated.
GABA, | Animal 1 10 13 29 32 34 36 37 40 41 Mesag 5
Group Crybb?2 Crybb?2 Crybb2 Crybb2 Crybb?2 Crybb2 Crybb?2 Crybb?2 Crybb?2 Crybb2

o8 | 2221 1936 2426 2304 2419 2117 2679 2590 3095 2845 4?3%11 +

r 2006 1971 2270 2173 2364 2129 2498 2681 3244 3212
" | 1678 1553 2396 1686 2405 1584 2038 1867 2892 2348 2%(; +

r 1793 1581 2417 1696 2413 1401 1731 1835 3076 2409
o1 | 1746 1904 2875 2263 2342 2304 2639 2471 3337 2689 23;1?398 i

r 2381 1812 2611 2140 2336 2213 2426 2175 3260 1454

CPu | 613 513 1149 715 1036 562 852 882 1238 g9 | 836232
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Raw data

r 720 516 1026 698 1039 510 765 812 1198 870
I 1731 1197 2050 1801 1646 1965 1763 1936 2431 2128 1832
CAl 330
r 1670 1233 1812 1720 1604 1997 1731 2004 2490 1961
CA2/3 I 963 432 970 765 662 873 813 1276 1036 1028 848 + 223
r 761 446 1304 787 639 865 812 914 924 843
DG I 1581 1086 1970 1609 1655 2036 1902 2052 2207 2003 1806 *
357
r 1579 1135 2059 1566 1576 2153 1790 2145 2436 1775
Vi | 1946 3497 2634 2697 2070 2500 2560 2509 3918 2685 2839 +
619
r 2434 4167 2848 2748 1863 3264 3175 2578 3720 2911
cb I 5070 4166 6099 4885 3481 5367 5335 4165 4676 3727 4715 +
752
r 4815 4133 5906 5428 3759 5537 5106 4278 4762 3892

Table 13 Quantitative receptor densities of BZ binding sites [fmol/ mg protein] in brain regions of wild type mice (wt) (I=left and r=right hemisphere). Mean + standard

deviation calculated.

B7 Animal 11 12 18 22 23 27 28 33 39 Mean + SD
Group wi wi wi wi wi wt wt wt wit

OB I 7207 8072 6541 6227 5527 6060 6689 7408 5792 6590 + 733
r 6759 7909 6468 6156 5845 6122 6699 7253 5893

M1 I 5142 4423 5435 4614 4494 5179 5266 4017 4843 + 509
r 5041 4515 5649 4827 4502 5363 5107 3910

s1 I 5874 6591 5186 6008 5115 5186 5145 5686 4390 5446 + 591
r 5608 6583 5184 5855 5032 5121 4900 5749 4815
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Raw data

CPu I 1432 1249 1691 1416 1265 1302 1556 892 1331 + 224
r 1387 1180 1655 1422 1256 1260 1437 895

CA1 I 6859 7233 5368 7042 5885 6045 5340 6191 4997 6082 + 888
r 6676 7808 4944 7118 5919 6199 5082 5901 4865

CA2/3 I 4152 5174 3533 3930 3721 3695 3357 4044 3004 3786 + 594
r 4039 4842 3204 4308 3606 3892 2999 3542 3108

DG I 5937 7104 4711 5950 4757 4613 4334 5174 4207 5170 + 997
r 5998 7168 4528 6304 4610 4708 3911 4926 4126

V1 I 5259 5402 5028 5812 6237 5780 6705 6137 4122 5636 + 667
r 5546 5744 5524 5797 5918 6129 6372 5707 4236

chb I 2378 2130 2304 2388 2436 2157 2222 2671 1959 2306 + 190
r 2433 2162 2373 2462 2493 2151 2175 2557 2053

Table 14 Quantitative receptor densities of BZ binding sites [fmol/ mg protein] in brain regions of Crybb2 mutants (I=left and r=right hemisphere). Mean + standard

deviation calculated.

Animal 1 10 13 29 32 34 36 37 40 41 Mean +
BZ SD
Group Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2
OB I 7437 6741 6684 8272 8445 6271 6159 5944 5067 6685 6660 *
973
r 7273 6556 6412 7851 7905 6150 6019 5756 4864 6712
M1 I 5117 4917 5072 6655 6487 5499 4490 5213 2981 5693 5218 +
967
r 5380 4858 5072 6828 5848 5479 4768 5131 3123 5755
S1 I 6393 5213 5884 6375 6554 5692 5181 5356 3518 6042
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Raw data

5566 *
r 5886 5369 5418 6704 6036 5862 5009 5434 3529 5870 843
I 1736 1400 1688 2085 2073 1598 1482 1549 902 1822 1607 +
CPu 334
r 1616 1299 1572 2225 1858 1655 1403 1482 954 1737
| 6736 5081 6018 5288 6664 6062 5060 6953 4702 6450 5833 +
CA1l 799
r 6621 5141 5924 5716 6458 6020 4843 6716 4155 6062
I 4412 3045 3898 3467 4638 3810 3588 4410 2910 4384 3831 +
CA2/3 649
r 5156 3315 3764 3718 4425 3843 3251 3922 2472 4196
DG I 6708 4968 5850 5079 5862 5493 4849 6147 3901 5991 5444 +
828
r 6916 5049 5788 5057 5791 5156 4776 6045 3593 5862
Vi I 6227 5745 4959 6351 5981 6128 5728 6279 3576 5470 5677 *
815
r 6169 5387 5101 6388 6280 6243 5766 6684 3919 5162
Cb I 2244 1855 2231 2396 26380 2384 2184 2535 1428 2092 2192 +
350
r 2102 2132 2062 2293 2714 2368 2243 2591 1432 1881

Table 15 Quantitative receptor densities of GABAs [fmol/ mg protein] in brain regions of wild type mice (wt) (I=left and r=right hemisphere). Mean + standard deviation

calculated.
GABAs Animal 11 12 18 22 23 27 28 33 39 Mesa[? +
Group wt wt wit wi wi wit wit wit wt
OB | 806 633 592 805 610 571 469 732 491 629 + 107
r 708 661 561 772 605 606 459 683 558
M1 | 1491 1393 1379 1471 1535 1407 1122 1917 1244 1462 +
219
r 1505 1426 1258 1479 1517 1478 1212 2019 1466

59



Raw data

s1 ] 1439 1215 1236 1436 1345 1202 1090 1657 1175 1308 +
184
r 1313 1311 1221 1505 1211 1217 1050 1735 1183
CPu I 953 715 718 922 821 654 677 922 636 778 + 119
r 899 819 675 882 821 678 637 935 648
I 1418 1269 1123 976 1028 1054 868 1455 1127 1171
CAl 179
r 1339 1253 1088 1270 1178 1045 942 1490 1154
] 1681 1411 1416 1774 1492 1434 1177 1792 1406 1502 +
CA2/3 200
r 1682 1472 1311 1703 1569 1364 1117 1765 1476
I 1665 1546 1280 1745 1414 1281 1129 1745 1436 1470
DG 205
r 1591 1533 1249 1690 1469 1286 1189 1777 1424
Vi ] 1573 1511 1553 1746 1426 1482 1396 1904 1322 1524 +
179
r 1544 1376 1469 1714 1445 1324 1258 1839 1558
cb I 1527 1598 1362 1843 1268 1435 1413 1735 1445 1518 +
164
r 1473 1484 1580 1823 1358 1472 1374 1700 1439

Table 16 Quantitative receptor densities of GABAs [fmol/ mg protein] in brain regions of Crybb2 mutants (I=left and r=right hemisphere). Mean + standard deviation

calculated.
GABAg Animal 1 10 13 29 32 34 36 37 40 41 MeSaDn ik
Group Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2
OB I 731 803 554 749 484 771 512 621 771 565 660 + 120
r 759 783 574 738 478 810 536 609 797 562
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Raw data

M1 I 1608 951 1459 1418 1628 1766 1343 1429 1988 1835 1550
272
r 1587 1121 1442 1385 1402 1832 1479 1470 2007 1845
s1 I 1462 1185 1302 1281 1304 1594 1137 1278 1669 1476 1368
170
r 1404 1174 1279 1329 1286 1570 1153 1283 1706 1481
CPU I 896 644 797 813 728 891 685 752 983 860 804 + 104
r 873 697 752 766 678 990 712 744 945 872
I 1409 1298 977 1231 1086 1382 1066 1226 1536 1320 1264 =
CAl 160
r 1416 1208 1322 1133 1151 1412 1020 1243 1537 1301
| 1680 1606 1646 1534 1489 1782 1354 1570 2144 1701 1633
CA2/3 197
r 1733 1487 1649 1539 1524 1810 1263 1624 1964 1568
DG I 1685 1569 1605 1519 1452 1761 1302 1538 1876 1617 1583 =
172
r 1680 1437 1601 1396 1500 1777 1250 1519 1895 1682
Vi I 1785 1492 1400 1949 1761 1971 1555 1691 1954 1854 1741 +
172
r 1756 1633 1569 1902 1728 1951 1519 1672 1778 1902
chb I 1111 1437 1300 1594 1503 1729 1512 1458 1449 1470 1465 +
157
r 1456 1478 1166 1698 1444 1713 1479 1428 1522 1349

Table 17 Quantitative receptor densities of D2z [fmol/ mg protein] in striatum of wild type mice (wt) (I=left and r=right hemisphere). Mean + standard deviation

calculated.

Das3

Animal
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39

Group

wit

wit

wit

wit

wit

wit

wit

wit
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Mean +
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CPu

3129

3442

2677

Raw data

2688

3076

3058

3366

3838

2899

3229

3275

2689

2636

2881

3043

3148

3680

2965

3095 +
340

Table 18 Quantitative receptor densities of Dzss [fmol/ mg protein] in striatum of Crybb2 mutants (I=left and r=right hemisphere). Mean * standard deviation calculated.

Animal 1 10 13 29 32 34 36 37 40 41 Mean +
D23 SD
Group Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2 Crybb2
I 3368 3057 3153 2832 3830 2913 3307 3445 4431 3940 3414 +
CPu 509
r 3505 3119 3070 2780 3911 2680 3311 3313 4395 3920
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