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Abstract

In the nervous system Pannexinl channels are major ATP and glutamate release sites.
The channels are implicated in neurodegenerative disorders including Parkinson’s disease, but
the underlying mechanisms remain unclear. Here, an interdisciplinary approach tested roles of
the mammalian Pannexinl ortholog Pannexinla in a zebrafish model of MPTP-induced early
stages of Parkinson’s disease at molecular, systems, and behavioral levels. The short-term
treatment of wild-type TL and gene-edited Panx1a-KO larvae caused metabolic stress, regulated
inflammatory pathways, and reduced ATP production. Local field potentials recorded from three
regions of the ascending visual pathway showed complex changes in the beta- and gamma-band
power and in the coherence between these regions. MPTP treatment produced significantly
impaired movements which were partially rescued by targeting the NLRP3 inflammasome. The
main findings of this research provide evidence that Panx1a serves a neuroprotective role in an

acute MPTP model of Parkinson's disease.
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1. Introduction
1.1 Pannexinl: Discovery, structure, and localization

Pannexin 1 (Panx1) is an integral membrane protein that is part of the vertebrate
pannexin glycoprotein family (Jin et al., 2021), which includes three members (Panx1, 2, and 3).
Panx1 was first identified by Panchin et al. (2000) in the early 2000s via a BLAST search of the
GenBank. The discovery was more of an accident as they initially tried to compare innexin
homology between mollusks and flatworms. Innexins are gap junction proteins found exclusively
in invertebrates. The gap junction forming proteins of vertebrates are called connexins. Panchin
et al. (2000) named the new family of proteins pannexins, for 'pan,' which is Latin for ‘all, and

nexus’ in analogy to them forming gap junction connections between cells.

Following the initial discovery of pannexins, several groups conducted further research
on their structure and localization. Researchers demonstrated that pannexins were present in
mammalian genomes, including humans (Baranova et al., 2004). The human Panx1 gene, which
contains five exons and four introns, was found on chromosome 11g14.3 (Baranova et al., 2004).

Panx1 genes have been identified in all vertebrates, from fish to humans (Wang et al., 2009).

Like innexins and connexins, pannexins contain four transmembrane regions, two
extracellular loops, one intracellular loop, and intracellular N and C termini (Figure 1). Different
from innexins and connexins, all pannexin proteins are glycosylated (Penuela et al., 2009). The
formation of large glycosylated structures prevents docking of pannexin channels and gap

junction formation (Whyte-Fagundes & Zoidl, 2018). Today, the pannexins primarily act as



channel proteins and not gap junction proteins, although a few exceptions are known (Bruzzone

et al., 2003; Dahl & Locovei, 2006; Lai et al., 2007; Sahu et al., 2014).

Connexin Innexin Pannexin

EL1 EL2 EL1 EL2 EL1 EL2

Extracellular

Membrane

Intracellular

Figure 1. Structure of connexins, innexins, and pannexins. The three gene families share tetra-span
transmembrane domains (M1-M4). Amino-terminal (N) and carboxy-terminal (C) ends are located in the
cytoplasm. Innexins and pannexins lack the third conserved cysteine motifs (C) required for docking of
connexins when forming gap junctions. Pannexins differ from connexins and innexins by N-glycosylation
motifs (Figure created by Photoshop).

Initially, Panx1 was predicted to form a hexameric channel based on single-channel
recordings, size exclusion tomography, and negative stain electron microscopy (Boassa et al.,
2007; Chiu et al., 2017; Wang et al., 2014). More recently, the cryo-EM structure of human and
frog Panx1 revealed a heptameric structure about 105A long and 100A wide (Jin et al., 2020;
Michalski et al., 2020; Mou et al., 2020). Both hexameric and heptameric forms may exist since
Panx1 channels can form two types of channels; highly selective chloride channels (<100pS) and

large pore ATP-release channels (300-500pS) (Mim et al., 2021).

In rodents Panx1 is ubiquitously expressed in many different systems and cell types.

Panx1 is expressed in the central nervous system, skeletal muscle, heart, cochlea, skin, cartilage,



spleen, kidney, reproductive systems, prostate, and small intestine (Baranova et al., 2004;
Bruzzone et al., 2003; Penuela et al., 2007, 2008; Ray et al., 2005, 2006; Wang et al., 2009).
Panx1 expression has also been localized to neuronal cells, astrocytes, and microglia (Mousseau
et al., 2018; Ray et al., 2005; Suadicani et al., 2012). In the nervous system, Panx1 is localized at
the postsynaptic density in proximity to N-methyl-D-aspartate (NMDA) receptors (Zoidl et al.,
2007). While ubiquitously expressed throughout the central nervous system some regions
express Panx1 strongly. In adult mice expression was especially high in the motoneurons of the

hindbrain, the hippocampus, the amygdala, and the deep cerebellar nuclei (Ray et al., 2005).

1.2 Panx1 function in vivo

Panx1 channels are activated by several stimuli, including voltage, mechanical stimuli,
and small molecules such as potassium and calcium (Michalski et al., 2018; Whyte-Fagundes &
Zoidl, 2018). Panx1 can also be activated by interaction with ionotropic purinergic receptors
such as P2X7 or G-protein coupled receptors of the P2Y family (Locovei et al., 2006; Pelegrin et
al., 2008). Other channels in the postsynaptic density, such as NMDA receptors, open Panx1
channels through Src family kinases (S. Li et al., 2018). Panx1 has been associated with critical
neurodevelopmental and plasticity functions such as neuronal network development, dendritic
spine formation, and synaptic plasticity (Ardiles et al., 2014; Horton et al., 2017; Prochnow et
al., 2012; Sanchez-Arias et al., 2019). Loss of function in Panx1 knockout mice caused learning
and memory deficiencies and altered hippocampal plasticity (Flores-Mufioz et al., 2020; Gajardo

et al., 2018; Prochnow et al., 2012).



An essential function of the Panx1 channels is the release of ATP (Dahl, 2015). In
neurons, ATP release through Panx1 channels has both excitatory and inhibitory effects through
signaling with purinergic receptors, voltage-gated calcium channels, or NMDA receptors (Boyce
& Swayne, 2017; Shuo et al., 2018) (Figure 2). In the pannexin field, it is generally agreed that
the excess release of ATP through Panx1 channels into the postsynaptic cleft can mediate
enhanced NMDA receptor activation and the overstimulation of purinergic signaling, leading to
augmented aberrant bursting activity, neuroinflammation, and cell death (Lim et al., 2021,
Makarenkova et al., 2018). Cell death can be mediated by the release and accumulation of ATP
in the synaptic cleft, acting as a "find-me” signal which recruits phagocytes to apoptotic cells
(Chekeni et al., 2010; Medina et al., 2020). Another way Panx1 can mediate cell death is through
the cleavage of the C-terminus by caspases leading to an irreversible commitment to cell death
when the channel is permanently opened. Due to Panx1’s diverse functions, this channel has
been implicated in neurodegenerative disorders such as Parkinson’s disease (PD), Alzheimer’s
disease, Huntington's disease, schizophrenia, and epilepsy (Frederiksen et al., 2019). However,
there is consensus that present knowledge in the field only has scratched the surface of the

diverse roles this channel has in both health and disease.
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Figure 2. Model of the role of Panx1 in the postsynaptic membrane. Panx1 is a large pore channel in
the postsynaptic membrane. It allows for the passage of molecules such as potassium and ATP. When
NMDA receptors in excitatory neurons open, the influx of calcium can activate Src-family kinases
(SFKSs) and calcium-calmodulin kinases (CaMKII) which open Panx1 channels by phosphorylation (P).
The released ATP from Panx1 channels plays essential roles in purinergic signaling as a P2X, P2Y, and
P1 receptors ligand. In this process, ATP is metabolized by endonucleases (CDs) localized in the synaptic
cleft. Once ATP is broken down to adenosine, it can trigger P1 receptors, which typically dampens the
activity of excitatory neurons. It is worth noting that P1 receptors are also known to be pro-inflammatory,
as once activated, they can promote the release of pro-inflammatory cytokines. (Image generated with
BioRender.com).

1.3 Introduction to Parkinson’s disease

Parkinson’s disease is the second most prevalent neurodegenerative disorder after
Alzheimer’s disease (Fleming et al., 2022). The progression of PD is marked by the loss of

dopaminergic neurons over time, especially in regions such as the substantia nigra pars compacta



and the striatum (Poewe & Mahlknecht, 2009). The most common hallmarks of PD are motor-
based, such as tremors and bradykinesia, but there are also many non-motor symptoms such as
hyposmia, sleep disturbances, and cognitive deficits (Antony et al., 2013). The progression of

these symptoms has been linked to the loss of dopaminergic neurons in the brain.

The two dominant theories of how PD develops are brain-first and gut-first hypotheses.
The brain-first hypothesis is built on evidence that the a-synuclein pathology arises in the brain,
with secondary spreading to the peripheral nervous system (Horsager et al., 2020). A more recent
hypothesis, named the dual-hit hypothesis, suggests that PD may originate from the gut (Breen et
al., 2019; Houser & Tansey, 2017; Klann et al., 2022) (Figure 3). The authors proposed that
inflammation in the gut causes a breakdown of the intestinal lining. This breakdown allows
molecules such as a-synuclein to escape the gut and travel up the vagus nerve to the brain. Once
in the brain, a-synuclein accumulates and misfolds, forming Lewy bodies over time (Grazia et
al., 1998). Lewy bodies can cause inflammation and eventually lead to the common
dopaminergic neuron loss associated with PD (Beach et al., 2008, 2009; Gelb et al., 1999).
Therefore, evidence is building that the initial events leading to PD may start long before any
clinical symptoms are observed. The rethinking of the origin of PD puts a spotlight on
understanding alterations of the inflammatory response as a critical target to tackle this

neurodegenerative disease.
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Figure 3. A current hypothesis of how Parkinson’s disease originates. (1) Excessive inflammation in
the gut caused by gut microbiota leads to the breakdown of the intestinal wall. The increased intestine
permeability allows molecules to leave, such as a-synuclein. (2) a-synuclein travels up the vagus nerve to
the brain. (3) The a-synuclein protein accumulates and misfolds in the brain. Accumulation of misfolded
a-synuclein causes the formation of highly inflammatory complexes called Lewy bodies. The
accumulation occurs over time in areas, with the first areas affected being the substantia nigra pars
compacta and the striatum. The inflammation leads to the loss of neurons, especially dopaminergic
neurons. (Image generated with BioRender.com).

1.3.1 Panx1 involvement in inflammation and Parkinson’s disease

Panx1 has been implicated with inflammation and Parkinson’s disease in several studies
as a potential risk factor and drug target (Ahmadian et al., 2019; Frederiksen et al., 2019; Ling et

al., 2021). Silverman et al. were the first to provide compelling evidence that Panx1 proteins



activate the inflammasome in neurons and astrocytes (Silverman et al., 2009, 2008b). The same
authors demonstrated that Panx1 proteins interact with proteins of the inflammasome complex,
causing activation of caspase-1. Caspase-1 plays an essential role in for maturation of pro-

inflammatory cytokines (prolL-1p and IL-18) into IL-1p and IL-18.

In neurons, Panx1 activity has also been shown to increase when oxidative stress
increases, suggesting a close relationship between the two in PD (Ahmadian et al., 2019). The
activation of Panx1 leads to the release of ATP into the synaptic cleft. Excess ATP in the
synaptic cleft triggers the P2X7 receptor leading to efflux of potassium from the cell and
NADPH oxidase activation, which generates more reactive oxygen species (Wilkaniec et al.,
2017). The ROS build-up along with low potassium levels can trigger NLRP3 inflammasome
assembly and eventual cell death. Furthermore, Panx1 facilitates cell death through apoptosis,
pyroptosis, and autophagy (Crespo et al., 2017). Apoptosis generally does not cause
inflammation since dying cells advertise their presence. The release of ATP acts as a “find-me”
signal that attracts immune response cells such as microglia, macrophages, and monocytes to the
area to facilitate removal (Chekeni et al., 2010; Ravichandran, 2010). Pyroptosis causes cell lysis
resembling a form of necrosis, which generates inflammation. Furthermore, autophagy and
apoptosis constitute functionally distinct mechanisms for the turnover or destruction of

cytoplasmic structures within cells and of cells within organisms, respectively.

Panx1 is considered a pro-cell death channel that helps in the propagation and clearance
of inflammation, but the literature is not without conflicts. Some reports argued that Panx1’s
ability to form large pore channels which mediate ATP release and its interaction with purinergic
receptors is a driver of inflammation (Crespo, Yanguas et al., 2017; Koval et al., 2021; Yang et

al., 2020). However, there have been contradictions with other reports finding that the presence



of Panx1 was beneficial, ameliorating induced neuroinflammation (Ling et al., 2021). In this
research, Panx1 was crucial in controlling reactive astrocytes to intervene in the inflammatory
response and protect neurons. Finally, some groups suggested that Panx1 does not play a role in
inflammasome activation, providing evidence that Panx1 is dispersible for canonical and non-
canonical inflammasome activation (Chen et al., 2020; Qu et al., 2011). Taken together, it seems
likely that Panx1 channels can take on diverse roles depending on the molecular, cellular, and

physiological context.

1.4 Pannexin genes in the zebrafish

Pannexin genes in the Danio rerio (zebrafish) differ from other vertebrates. A
phylogenetic tree analysis showed that the evolutionary relationship between Panx1 and Panx3 is
closer than that of Panx2 (Kurtenbach et al., 2013). Previous studies have shown that pannexins
had two rounds of duplication in the evolution of vertebrates about 400-600 million years ago.
The first was the appearance of Panx2, and then the emergence of Panx1 and Panx3, which
originated from a common ancestor (Bond et al., 2012; Kurtenbach et al., 2013). They are part of
two rounds of genome duplication that occurred at the early stage of vertebrate divergence
(Vandepoele et al., 2004). Panxla and Panx1b genes most likely originated from the third major
whole genome duplication event in teleost fish, which occurred about 320-350 million years ago

(Bond et al., 2012; Prochnow et al., 2009).

In addition, the tissue expression of the two Panx1 genes in zebrafish showed significant
differences. The expression pattern of zebrafish Panxla was ubiquitous, while Panx1b was

abundant in the brain and eyes (Bond et al., 2012; Kurtenbach et al., 2013). The biophysical
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properties of Panx1a and Panx1b revealed shared and unique gating properties, with both
channels forming large pores. Like mammalian Panx1 channels, Panxla channels release ATP
and can be blocked with the Panx1 inhibitor probenecid (PROB) (Silverman et al., 2008b). The
recently reported phenotypes of global knockout of both Panx1 genes using engineered
transcription activator-like effector nucleases (TALEN) demonstrated distinct changes to the
visual system. Results indicated that loss of Panx1a channels specifically affected the expression
of gene classes representing the visual system's development and visual processing. Abnormal
swimming behavior in the dark and the expression regulation of pre-and postsynaptic biomarkers
suggested changes in dopaminergic signaling (Safarian et al., 2020). The loss of Panx1b channels
compromised the final output of luminance, motion detection, and the circadian clock system

(Safarian et al., 2021).

1.5 Danio rerio as a Parkinson’s disease model

Zebrafish are a high-throughput animal model extensively used to study vertebrate
development. Today, zebrafish are also used to model human disease or for drug discovery
(McGrath & Li, 2008; Roberts et al., 2013; Rubinstein, 2003; Veldman & Lin, 2008). Zebrafish
are suitable for large in-vivo assays due to their small size, fast reproductive cycle, transparency
at the larval stage, as well as rapid physical and cognitive development (Vaz et al., 2018). The
first study of a zebrafish model for PD established clear neurochemical and behavioral changes
(Anichtchik et al., 2004). This initial research was followed up by several other studies laying the
foundation for Parkinson's studies today (Bretaud et al., 2004; Razali et al., 2021; Rink & Guo,
2004). These studies took advantage of zebrafish's non-invasive uptake of water-soluble drugs,

which simply required adding compounds to the tank water.
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Today, Parkinson’s disease models in Danio rerio include chemically induced and
genetic models. Chemically induced models include treatment with 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) (Bashirzade, Cheresiz, Belova, Drobkov, Korotaeva, Azizi-arani, et
al., 2022; Lam et al., 2005; McKinley et al., 2005), 6-hydroxydopamine (6-OHDA) (Feng et al.,
2014; Vijayanathan et al., 2017), rotenone (Unal et al., 2019; Wang et al., 2017), and N, N'-
dimethyl-4,4'-bipyridinium dichloride (paraquat) (Nellore & Nandita, 2015; Wang et al., 2018).
Genetic models include modulation of early and late-onset Parkinson’s disease genes such as

Parkin, Pinkl1, and Lrrk2 (Brown et al., 2021; Fett et al., 2010; Sheng et al., 2010).

In this study, MPTP was used to induce Parkinson-like symptoms. MPTP was first
synthesized as a potential opioid analgesic in 1947 by Lee and Ziering (Lee & Ziering, 1947).
Later on it was discovered by Langston et al. (1984) that single injections of MPTP into squirrel
monkeys resulted in Parkinsonism. Nowadays MPTP is used to simulate the disease to study the

physiology and possible treatment options for Parkinson’s disease.

MPTP is a Complex I inhibitor of the electron transport chain (ETC) of the mitochondria,
which has been extensively studied in relation to Parkinson’s disease across different animal
models (Abolaji et al., 2018; Meredith & Rademacher, 2011; Ofori & Schorderet, 1987). MPTP
is converted to its toxic form MPP+ by monoamine oxidase B, following its selective up take in
dopaminergic neurons through the dopamine transporter (Przedborski et al., 2000). The
inhibition of ATP production causes metabolic cell stress, which promotes cell death of
dopamine-producing neurons. In this study, we used MPTP to chemically induce Parkinson-like
symptoms in zebrafish larvae because of the non-invasive uptake through water and the well-

characterized mechanism of action.
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1.6 What are Local Field Potentials, and why do they matter?

This research tried to address the question of how to assess brain activity at the earliest stages
of Parkinson’s disease when neurodegeneration is not yet detectable. There are different ways to
analyze and quantify brain activity. For example, light-sheet fluorescence microscopy allows for
the volumetric 3D scanning of the whole zebrafish brain when larvae express genetically
encoded calcium indicators or voltage indicators (Ahrens et al., 2013; Keller et al., 2015; Nakai
et al., 2001; Royer et al., 2016; Siegel & Isacoff, 1997). Since instrumentation for recording
whole brain activity by light-sheet microscopy was unavailable, an electrophysiological method
to record local field potentials (LFPs) was implemented based on published expertise in the
group (Safarian et al., 2019). LFPs represent composite signals deriving from the postsynaptic
activity of neuronal sources located in the vicinity of an electrode (Herreras, 2016) (Figure 4a).
When the local activity is composed of correlated events, the analysis of this averaged activity
can give insight into the network. Together with data from single-unit spike recordings (Figure
4b), a combined Spike-LFP analysis can provide deep insight into the activities of neuronal
networks in health and disease (Weinberger et al., 2006). In contrast to spiking activity, which
originates from a single neuron close to the electrode tip, LFPs represent a summation signal of
excitatory and inhibitory dendritic potentials from a population of neurons in the neighborhood
of the recording site (Herreras, 2016; Telenczuk et al., 2017). The raw LFP signal can be
decomposed into five frequencies in the range of 0-300 Hertz (Hz) (Figure 4c). The frequency
bands are delta (1-3), theta (3-7Hz), alpha (7-13Hz), beta (13-30Hz), and gamma (>30Hz)
(Abhang et al., 2016). As shown in Figure 4, each frequency range represents a different state of

brain activity in humans. The beta and gamma bands are associated with an awake state, critical



thinking, and cognitive processing. Activity changes to beta- and gamma-bands have been

demonstrated in PD (Feldmann et al., 2022; Guerra et al., 2022; Swann et al., 2016).
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Figure 4. The recording of local field potentials. a) An electrode records the activity of neurons in the

vicinity. b) The raw data output from LFP recordings. This data must be further filtered to be analyzed.

LFP recordings can either be used for spike analysis or for analyzing brain waves. c) The local field
potential analysis of the different frequency bands. The five different frequency bands are contained
inside the raw signal and can be extracted with the help of various tests such as the power spectral density

analysis. (Image generated with BioRender.com).
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1.7 Behavioral analysis of zebrafish larvae

A benefit of working with zebrafish larvae is the robust behavioral phenotypes that
become increasingly more complex from larval to adult stages (Roberts et al., 2013). A robust
way to evaluate the behavioral phenotype of zebrafish larvae is to quantify the locomotion
response when larvae are exposed to different light conditions (MacPhail et al., 2009). Larvae
show distinct swimming patterns in response to light and dark conditions as soon as four days

post fertilization (dpf) after developing a swim bladder (Basnet et al., 2019).

Here, a light-ramp stimulus was used to evaluate the larvae’s movements in response to
light. This test is a variation of the visuomotor response test, which was developed to quantitate
the swimming of larval zebrafish in response to light increments and decrements (Emran et al.,
2008). In this test, Emran et al. (2008) recorded responses of larvae to Light-ON/OFF conditions
focusing on a brief spike of motor activity upon lights ON, known as the startle response,
followed by a return to lower-than baseline activity, called a freeze. Larvae sharply increased
their locomotor activity immediately following lights OFF and only gradually returned to
baseline locomotor activity when the retina was intact. The light ramp assay suppresses the spike
and freeze response and reports general locomotion activity when the light intensity is gradually
ramped up, reaching a plateau of swimming activity at around 30% (1200 lux) light intensity as

shown previously (Safarian et al., 2021).
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2. Objectives and research design

This thesis aimed at addressing knowledge gaps related to the roles of Panx1 in the early
stages of Parkinson's disease. The hypothesis was that the genetic and pharmacological

targeting of Panxla alleviates the severity of an MPTP-induced PD-like phenotype.

This goal was pursued by inducing acute inflammation with MPTP. As summarized in
Section 1.4, the effects of chronic treatment with MPTP are well documented and have been
used efficiently in animal models such as primates and rodents, as well as in the zebrafish model
(Christensen et al., 2020; Mustapha & Mat Taib, 2021; Porras et al., 2012). Here, the first goal
was to establish an acute MPTP model, which has not been done before in zebrafish larvae to the
best of our knowledge. We speculated that by investigating a four-hour treatment with MPTP,
we might be able to separate the initial events of inflammation from the endpoints reached by
chronic treatment, thus gaining insight into the earliest stages of PD. Gene-edited Panx1a-KO
larvae were chosen since our group previously reported that a global loss of Panxla function
regulates dopaminergic signaling in 6dpf larvae (Safarian et al., 2020). The pharmacological
inhibition of Panxla and Panx1b with the Panx1 inhibitor PROB was used to contrast the long-
term effects of genetic loss of Panxla from the acute effects caused by blocking both Panxla and

Panx1b channels.

The experimental strategy was designed to investigate MPTP-induced phenotypes in

zebrafish larvae at three levels, from molecular, to systems, to behavior. The aims were:

e Investigating the molecular effects of MPTP by analyzing RNA-seq data and performing
RT-gPCR and ATP assays. The goal was to elucidate the effects of acute MPTP

treatment on gene regulation, pathway regulation, and metabolic effects.
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e Investigating the brain activities of awake in-vivo larvae treated with MPTP using
electrophysiological recording to evaluate changes to local field potentials. The strategy
aimed at recording from three regions of the zebrafish brain, which are part of the
ascending visual pathway. The rational was that in PD patients the visual system is
affected for example with alterations of visual acuity and contrast sensitivity (Armstrong,
2011; Weil et al., 2016). The goal was to determine whether loss of Panxla affected the
visual-sensory responses to simple Light-ON/Light-OFF stimuli before or after treatment
with MPTP. This goal required the development of a two-electrode local field potential
recording and analysis protocol to determine local changes in the three brain regions or
whether two regions became more coherent.

e The last goal was to use robust behavioral phenotyping of locomotion behavior before
and after MPTP treatment to investigate changes in the visual-motor system. A sub-aim
was to rescue the MPTP-induced phenotype by pharmacologically inhibiting the

inflammasome.

3. Methods
3.1 Animal Handling
3.1.1 Adult zebrafish husbandry

Animal work was conducted at York University's zebrafish vivarium following the
regulations set by the Canadian Council for Animal Care and after the approval of the protocol
by the Animal Care Committee (GZ: 2020-7-R3). The wild-type strain was Tupfel long fin (TL)
bred in-house. The Panxla knockout (Panx1a-KO) line was generated in-house (Safarian et al.,

2020). The Zebrafish International Network (ZFIN) assigned the name panxla/<“!¥kul Adult
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zebrafish were maintained in the vivarium's recirculation system (Aquaneering Inc., San Diego,
CA) and kept at 28°C on a 14-hour light and 10-hour dark cycle. Zebrafish were separated by sex
a week before breeding and placed in the same tank separated by a transparent divider a day
before breeding. Adults were bred in the morning, and eggs were washed and submerged in an

E3 medium.

3.1.2 Maintenance of zebrafish larvae
Larvae were kept in the E3 medium from Odpf to 7dpf. The use of larvae was kept to a
minimum. Larvae were sacrificed at 7dpf according to the Animal Care Protocol guidelines.

Behavioral, electrophysiological, and molecular assays were conducted on 6dpf larvae.

3.2 Quantitation of extracellular ATP

Larvae (~50 pooled larvae per sample) were incubated with (or without) 10uM MPTP for
4 hours at 28°C (Figure 5). Next, larvae were collected and weighed before flash freezing and
storage at -80°C. Pooled samples were homogenized for 1min at 30Hz using the TissuelyserLT
(Qiagen) set to 4°C in phosphate-buffered saline (PBS) containing 100puM ARL-67156 (Sigma-
Aldrich) and Halt Protease inhibitor (Thermo-Scientific) (1:100), to prevent excessive
proteolytic and ATP degradation. Homogenates were transferred to cold Eppendorf tubes (-20°C)
and centrifuged at 12,000 rpm for 2min. Supernatants were collected and immediately used to
measure extracellular ATP performed in 96-well format (Greiner Bio-One) using the Molecular
Probes® ATP determination Kit as described by the manufacturer (Life Technologies). Samples
were measured in replicates of 6 using the Synergy H4 Hybrid Multi-well Plate Reader (Biotek)

as reported previously (Whyte-Fagundes et al., 2018). ATP concentrations in experimental
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samples were determined from ATP standard curves (concentrations range: 0-1uM) included

with each assay. The Gen5 Data Analysis Software (Biotek) controlled the luminescent assay
parameters; internal temperature set to 28°C, low intensity shakes of the plate for 3sec prior to
reading, a 5sec integration time per well, and gain setting at 150.

Data were exported and analyzed in Excel. GraphPad's Welch's t-test was used to test for
the statistical significance of differences between groups. ATP was presented as a normalized
concentration per mg of protein to account for biological variance in larval size. It was
previously reported that a linear relationship exists between pooled larvae's weight and the

homogenate protein content (Whyte-Fagundes et al., 2018).

Step 1 Step 2 Step 3
)~
MPTP o
©) \C[ pamy j)};: . o
4hrs D-luciferin
[ + Luciferase
= ———
= Luciferase | mg*
y [= === 50 pooled —f— <
éf larvae :
= \©[/>_</ ]+/pPi + AMP+ COz +  Light
Oxyluciferin
MPTP Tissue ATP Assay
Treatment Extraction

Figure 5. Workflow for determining extracellular ATP concentrations via a Luciferase assay in
zebrafish larvae. Six-day post fertilization, Danio rerio larvae were incubated with MPTP for four hours
in a 15mL Falcon tube (Step 1). Following the treatment, 50 larvae were taken and pooled in an
Eppendorf tube. Excess water was removed, and the larvae were homogenized (Step 2). In Step 3, the
Synergy H4 Plate Reader quantified light output generated by the firefly luciferase enzyme assay. Light
was emitted from the reaction of D-luciferin to oxyluciferin. (Image generated with BioRender.com).
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3.3 RNA-seq Analysis

The transcriptomes of TL and Panxla zebrafish lines were analyzed by RNA-seq (NGS-
Facility, The Center for Applied Genomics, SickKids, Toronto, ON). Larvae were either
untreated or incubated with MPTP (50uM) before RNA-seq analysis. The Bioinformatics Group
at Sickkids provided a Differential Transcript Expression Analysis (RSEM and DESeq?2). In
brief, a transcript abundance estimation used RSEM version 1.3.3
(http://deweylab.github.io/RSEM/) and bowtie2 version bowtie/2.3.4.2 (http://bowtie-
bio.sourceforge.net/index.shtml) to estimate the expression level of each sample. For each
sample, RSEM reports read counts, estimated lengths, and FPKM for each transcript and gene. In
the second step, a differential expression analysis was performed using the estimated read counts
for each transcript from the RSEM output. This transcript expression matrix was supplied to
DESeq? (https://bioconductor.org/packages/release/bioc/ntml/DESeq2.html) v.1.22.2 to detect
differentially expressed transcripts. Filtering the low expressed transcripts to increase power was
automatically applied via independent filtering on the mean of normalized counts within the
DESeq2 results() function. Adjusted P-values (padj) were derived from Benjamini-Hochberg
multiple testing. Here, a cutoff of 0.01 was used to select differentially expressed genes for
further analysis.

Gene ontology (GO) enrichment of biological processes from the FishEnrichR database
was used to identify regulated biological processes (Mi et al., 2019). After applying a cut-off of
padj (<0.01), genes were sorted as up-or down-regulated using the log2FC values. GO biological
processes analysis performed a Fisher's exact test and a false discovery rate (FDR) calculation to

determine regulated GO biological processes.
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The Kyoto encyclopedia of genes and genomes (KEGG) mapper v5 was used to identify
regulated pathways using the human KEGG database (Kanehisa et al., 2022; Kanehisa & Sato,
2020). KEGG is a knowledge base for biological interpretation of large-scale molecular datasets
such as RNA-seq data. Regulated genes with a padj (<0.01) were used to query the KEGG
mapper. The top ten regulated pathways with the most regulated genes were extracted for
graphing with GraphPad Prism.

The STRING analysis was used to determine protein-protein interactions of inflammatory
genes (Szklarczyk et al., 2019, 2021). A list of 148 inflammasome genes was manually curated
based on the literature. The genes were compared to the RNA-seq list, and regulated genes with a
cutoff padj (<0.01) were extracted. The regulated genes were used to query the STRING analysis

software to determine inflammatory pathways that were affected by MPTP treatment.

3.4 Tissue lysis and RNA extraction

For RNA extraction, 30 larvae per genotype (TL; Panx1-KO) and treatment (MPTP;
10uM or 50uM) were pooled. 3 biological replicates (n = 90 larvae per genotype/treatment) were
frozen at -80°C. RNA extraction was performed in 350uM RLT (Qiagen), and 3.5uM BME were
added to samples and shaken in the TissueLyser with a metal ball at 50Hz for three minutes.
Samples were centrifuged at 13rpm for 2 minutes; the supernatant was collected and centrifuged
at 13rpm for three minutes. The lysates were placed in QlAcube for automatic total RNA
extraction via RNeasy Plus Mini Kit and Protocol (Qiagen). Obtained RNA samples were
measured using a nanometer for concertation at 260/280 wavelength. In addition, samples were

visualized on an agarose gel to confirm RNA presence. 1ul of RNA was treated with
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formaldehyde (50% of the sample) at 55°C for 10 minutes, treated with EtBr, and ran under gel

electrophoresis at 90V for 20 minutes and visualized via Alphalmager.

3.5 cDNA synthesis

1ug of total RNA was reverse transcribed using the iScript Reverse Transcription
Supermix (Bio-Rad Laboratories, Mississauga, Canada) and PCR protocol for cDNA synthesis
(Table 1).

Table 1. PCR protocol for cDNA synthesis

5min | 25°C
30 min | 42°C
5min | 85°C
0 4°C

The quality of the cDNA synthesis was confirmed by PCR amplification using 18s_FP
5’-GAGGTGAAATTCTTGGACCGG-3’ and 18s RP 5°- CGAACCTCCGACTTTCGTTCT-3’
primers and visualization of 18s products via gel electrophoresis. 1pl of synthesized cDNA was
used to amplify the 18s product via Taq polymerase using an Eppendorf Mastercycler® Nexus
(Table 2). 5ul of the PCR amplification products were mixed with 1pl of a 5x loading dye and
separated on an agarose gel containing EtBr at 90V for 20 minutes. PCR products were images

using an Alphalmager and contrasted against a 100bp DNA ladder.
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Table 2. PCR amplification protocol for 18s product

15 min | 95°C

30sec | 94°C

30sec | 52°C x 17

1 min 72°C

10 min | 72°C

[0} 4°C
3.6 RT-gPCR

The cDNA equivalent of ~133ng generated as described in Section 3.5 was analyzed by
quantitative Real Time-PCR using the SsoAdvanced SybrGreen PCR mix and a Bio-Rad CFX96
real-time PCR system as defined by the manufacturer (Bio-Rad). All experiments represent three
independent RNA preparations from TL and Panx1-KO lines; each analyzed in triplicate. Each
experiment included a melt curve analysis of PCR amplicons generated in each reaction.
Comparing theoretical melting points for each amplicon with experimental melt curves served as
a control. Raw cycle threshold values (Ct-values) were exported from the CFX Manager
Software (Bio-Rad, Canada). Expression ratios were analyzed against their respective controls
using the Relative Expression Software Tool (REST-2009) software (Pfaffl et al., 2002). The
statistical significance was tested by a Pair Wise Fixed Reallocation Randomisation Test© and
plotted using standard error (SE) estimation. All primers (Table 3 in Section 4.3.1) were
designed using the Real-Time qPCR Assay design tool and were synthesized by the same

provider (Integrated DNA Technologies, Toronto, Canada)
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3.7 In vivo two electrode local field potential electrophysiology

Individual TL and Panxl1a-KO larvae (6dpf) were anesthetized with 300pM Pancuronium
Bromide (Panc) for 5 minutes or until larvae showed no signs of movement while blood
circulation remained robust (Figure 6). Each larva was positioned dorsally and immobilized on
the experimental stage with 2% noble agar. The stage was placed under a customized Olympus
BX 61 upright microscope with a 10x objective. Each larva was checked for viability using
heartbeat and blood circulation as indicators. Reference electrodes (2.5-3MQ resistance) were
attached to the glass bottom of the stage with 2% noble agar, and 1ml of E3 medium was
topically added to ensure larva survival. The position of the reference electrodes that yielded the
largest signal to noise ratio was identified and maintained throughout experiments.

The HC Image Live software was used to visualize larva. An Axon Instruments
MultiClamp 700B for amplifying the electrical single and a Digidata 1550A digitizer to reduce
background noise were used (both Molecular Devices). The recording electrodes were attached
to headstages (MultiClamp 700B Headstage CV-7B) mounted to individual Luigs & Neumann
LN Mini 25 micromanipulators controlled by an SM10 remote control unit (Luigs & Neumann).
Glass capillaries (1.2mm outer diameter, approximately 1um tip diameter) were backfilled with
2M NaCl solution. The capillaries were lowered into the E3 medium on top of the fixed larva
and reference wire. A check for stable signal and appropriate resistance (2-7MQ) followed. Once
a steady signal of < 0.05mV was established, the setup was ready for insertion of the capillaries
into selected brain regions. The insertion of the electrodes was typically completed within 5 min,

followed by recording immediately.
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3.7.1 Local field potential (LFP) recording in awake larvae

Capillaries were inserted into the right optic tectum (electrode #1) along with either the
right dorsomedial (DM) or the right dorsolateral (DL) region of a larvae’s telencephalon
(forebrain). Local field potentials were recorded in Current-Mode. Recordings were low-pass
filtered at 1kHz (-3 dB; eight-pole Bessel), high-pass filtered at 0.1 Hz, digitized at 20kHz, and
stored on a PC running pClamp11 software (Axon Instruments). Activities were normalized to
baseline activities of each fish to account for the biological variability of individual brains.

Larvae were exposed to either Light-OFF (0 lux) or Light-ON (1000 lux) stimuli for at
least five minutes before recording. Baseline activities were recorded for a minimum of three
minutes. Images of larvae’s heads were taken to document the placement of the electrodes. Drug
treatments were applied directly to the larva after baseline recordings. Drugs were applied
topically to the larva using published concentrations for PROB (20uM) (Silverman et al., 2008a),
bicuculline (BCC) (100uM) (Connaughton et al., 2008), and MK-801 (20uM) (Sison & Gerlai,
2011) (Figure 6). Drugs were allowed to incubate with the larva for 30 minutes. The MPTP
treatment (50uM) was applied for four hours in the dark at 28°C. The LFP signal was recorded
post-treatment for three minutes after applying the Light-OFF/ON stimuli for a minimum of five

minutes.
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Figure 6. In vivo electrophysiology setup. The larva either underwent a four-hour MPTP incubation or
no MPTP treatment. After MPTP treatment, the larva was immobilized with pancuronium bromide and
embedded with agar. Then the dual local field potential recordings were performed. When no MPTP pre-
treatment was done, the larvae were immobilized and fixated immediately. Baseline recordings were
conducted from the larvae before a 30-minute incubation with bicuculline, MK-801, or PROB. After drug
treatment, another set of recordings was performed from the same larva. (Image generated with
BioRender.com).

3.7.2 Post-recording processing of raw LFP data

Raw data were pre-processed using pPCLAMP Clampfit 11 (Axon Instruments) and
exported to NeuroExplorer 5.0 software (Plexon). A Welsh periodogram method was used to
split the data into frequency bins. The raw data files' coherence and power spectral density (PSD)
were extracted and exported to Graphpad PRISM 9 for statistical analysis (Whyte-Fagundes et
al., 2022). A two-way ANOVA with Tukey's multiple comparison test was applied for the
coherence analysis. Based on statistical requirements, the PSD data were analyzed using a paired

t-test (BCC, MK-801, and PROB) or a Welch’s t-test (MPTP).
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The coherence analysis uses the two variables, X (reference) and Y (target) (Kattla &
Lowery, 2010). Fast Fourier transforms of the data segments (after pre-processing) were

calculated. Then, individual and cross-densities were calculated:

Equation 1. Individual and cross-densities in coherence analysis
Pxx = FFT(X) * Conj(FFT(X)),
Pyy = FFT(Y) * Conj(FFT(Y))
Pxy = FFT(X) * Conj(FFT(Y)).
Here Conj(z) was a complex conjugate of z. Pxx, Pyy, and Pxy values were averaged

across all intervals, and coherence values were calculated as:

Equation 2. The equation to calculate coherence

Mean(Pxy) * Mean(Pxy) / (Mean(Pxx) * Mean(Pyy)).

3.8 Behavioral locomotor assay of inflammasome inhibitors

The ZebraBox behavior system and the ZebralLLab™ analytical suite were used for
automated observation, and video tracking of the locomotor activity of 6dpf zebrafish larvae in
clear 48-well plates maintained at 28°C (ViewPoint Life Technology, Lyon, France). TL and
Panxla-KO larvae (n=16 per group) were treated with drugs alone or in combination with MPTP
before recording. The treatment conditions were adenosine (0.1uM), adenosine with MPTP
(0.1uM + 10uM), caffeine (L00uM), caffeine with MPTP (100puM + 10puM), CY-09 (1uM), CY-
09 with MPTP (1uM + 10uM), dexamethasone (1puM), dexamethasone with MPTP (1uM +

10uM), INF39 (1M and 10pM), INF39 with MPTP (1M + 10pM and 10uM + 10pM),



27

MCC950 (1uM), MCC950 with MPTP (1uM + 10uM), and metformin (10puM), metformin with
MPTP (10uM + 10uM). Concentrations were chosen based on previous reports (Coll et al.,
2015; Cruz et al., 2017; Kamstra et al., 2022; S. Luo et al., 2016; Safarian, 2021; Sandall et al.,
2020). The drugs were incubated alone or together with MPTP for four hours. All drugs were
dissolved in regular 3M medium. After the incubation period, individual larvae were placed into
48-well plates in the same medium. ZebraLab™ software tracked locomotor activity, and
behavioral outputs were automatically generated. After principal component analysis, the

behavioral variable “totaldistance” was chosen to examine the larvae's locomotor behavior.

3.8.1 Visual-Motor Response assay

Responsiveness of larvae to changes in light intensity is traditionally measured by the
Visual-Motor Response assay (Emran et al., 2008). Typically, the VMR tests focus on the startle
response followed by a freeze when switching between Light-OFF/ON conditions. To avoid
confounding the behavioral data by the startle response, a light-ramp assay, a variation of the
visual-motor response test, was used. Here, individual larvae were placed into wells in a 48-well
plate filled with 3M medium. Next, the larvae were moved into the dark (0% light), soundproof
ZebraBox chamber for acclimation at 28°C. The larvae were video recorded while returning to a
baseline activity level in the dark over 20 minutes. At the 20-minute mark, the light was switched
ON to 10% (400 lux) and gradually increased every ten minutes until a final Light-ON stimulus

of 40% (1600 lux) was reached.
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3.8.2 Statistical analysis of behavioral data

The behavioral data from the ZebraLab™ was exported to Excel and sorted. The data
from the "totaldistance" parameter was graphed along with the SEM using Graphpad. For
statistical analysis, the total distance moved in the Light-ON condition from 2100-2300 seconds
was compared. Between 2100-2300 seconds, larvae are exposed to 800 lux, which is a light
intensity evoking consistent swimming activity. The data sets were compared using Welch's t-

test along with an estimation plot to determine significance (95% CI).

3.9 Statistics and reproducibility

Statistical analyses were performed in GraphPad Prism 9. A minimum of N > 3
independent experimental replicates for each analysis were generated. A P-value <0.05 was
considered statistically significant, except for the RNA-seq analysis, which had a cut-off P-value
of <0.01 applied. A minimum number of n=4 was used for electrophysiological experiments with
living animals. For behavioral experiments, a minimum number of n=16 was used. The figure
legends indicate all experiments' sample sizes, statistical tests, and P-values. Further statistical
details are disclosed in Supplementary Tables in the Appendix. The statistical details were

excluded from the main results text to increase readability.

4. Materials
4.1 Solutions and Chemicals

4.1.1 Solutions for larvae handling



Solution

E3 medium

Composition

60ppm of Instant Ocean®
Sea Salt mixed in RO water
(pH 7.2~7.4)

4.1.2 Solutions for molecular biology

Procedure
ATP Assay

Tissue lysis and RNA

extraction

RNA/DNA visualization

cDNA synthesis

18s product PCR

Solutions

PBS, ARL-67156, Halt
Protease inhibitor, D-
Luciferin, Luciferase,
Dithiothreitol, Adenosine 5'-
triphosphate, 20X Reaction
Buffer

RLT Plus Lysis Buffer, BME,
RW1 Wash Buffer, RPE
Wash Buffer, 70% Ethanol,
RNase-free water
Formaldehyde, Agar, 1x TAE
buffer, EtBr, 100bp DNA
Ladder

5x iScript Reaction Mix,
iScript Reverse Transcriptase,
Nuclease-free water
HotStarTaq DNA
Polymerase, 1x PCR Buffer,
dNTPs, 10mM 18s FP and
RP solution, Nuclease-free

water
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Source

Instant Ocean®

Source
Sigma-Aldrich,
ThermoFisher Scientific, Life

Technologies

QIAGEN (RNeasy plus mini
kit)

ThermoFisher Scientific

Bio-Rad

QIAGEN (HotStar Taq Pol
Kit)



RT-gPCR Ssofast™ EvaGreen®

Supermix

4.1.3 Solutions for electrophysiology

Procedure Solutions

Extracellular solution 2M NacCl

4.2 Reagents applied to larvae

Reagent
1,1'-[(2B,3¢.,5¢,16,17p)-3,17-
bis(Acetyloxy)androstane-2,16-
diyl]bis(1-methylpiperidinium)
dibromide
p-(Dipropylsulfamoyl)benzoic
acid

1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine
(5S)-5-[(6R)-6,8-Dihydro-8-
oxofuro[3,4-¢]-1,3-benzodioxol-
6-yl]-5,6,7,8-tetrahydro-6,6-
dimethyl-1,3-dioxolo[4,5-
glisoquinolinium iodide
(5S,10R)-(+)-5-Methyl-10,11-
dihydro-5H-dibenzo[a,d]
cyclohepten-5,10-imine
hydrogen maleate
1,3,7-Trimethylxanthine,
9-p-D-Ribofuranosyladenine

In-text appearance

Pancuronium bromide

(Panc)

Probenecid (PROB)

MPTP

Bicuculline (BCC)

MK-801

Caffeine

Adenosine
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Bio-Rad

Source

internal

Source
Tocris cat#P1918

Sigma cat#P8761

Sigma cat#M0896

Sigma cat#14343

Sigma cat#475878

Sigma cat#C0750
Sigma cat#A9251



4-[[4-Oxo0-2-thioxo-3-[[3-

(trifluoromethyl)phenyl]lmethyl]-

5-thiazolidinylidene]methyl]
benzoic acid
(11B,160@)-9-Fluoro-11,17,21-
trihydroxy-16-methylpregna-
1,4-diene-3,20-dione

Ethyl 2-(2-chlorobenzyl)acrylate
MCC950

1,1-Dimethylbiguanide
hydrochloride

4.3 Oligonucleotides

4.3.1 Primers for RT-gPCR

CY-09

Dexamethasone

INF-39
MCC950

Metformin
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Sigma cat#SML 2465

Sigma cat#D4902

Sigma cat#SML2239
Sigma cat# 5381200001
Sigma cat#53183

Gene sequences were retrieved from NCBI (https://www.ncbi.nlm.nih.gov/nucleotide/)

via their accession number. Forward and reverse primer pairs were designed using the IDT

software Real-Time gPCR tool (https://www.idtdna.com/scitools/Applications/Real TimePCR/).

Primers were purchased from IDT. Each primer pair was confirmed for length, Guanine/Cytosine

(GC) content, melting temperature, lack of complementary regions, and location in SnapGene

software (https://www.snapgene.com/). Only primer pairs which generated amplicons spanning

at least one intron were selected.

Table 3. Summary of primers used for RT-gPCR

Gene Gene
Name Accession
Number

ATP5pf  NM_213307

Forward Primer (5°-3”)

AACTGCAGCGTCTGTATGG

Reverse Primer (5°-3°)

CTCGCGGTCGATGTAAATGA



CFTR NM_00104488 AGTCAAATACACAGAAGCGGG
3

COXd4il NM_214701 CGGAGACGCTAGAATGTTGG

EEF2K NM_00100274 = AAGAACCTCGCTCATAACCAG
0

Ndufal0 NM_199578 TCCCAGCTTTATCCCAGAAATC

PCK1 NM_214751 GCTGGAAGGTGGAGTGTG
PFKFB3 NM_213397 CCTACTCGCCTATTTCCTTGAC
Uqcrqg NM_00100249 A TTGTGGAGGCGATTTAGGTC

5
caspa3 NM_131877 GTTGGAGATGAACGGAGACTG
caspa’ NM_00102060 @AAACCTGACCCAAAAGCAATG
7
caspa9 NM_00100740 GTCTTCACTCAGGACATGATCG
4
caspal NM_131505 GAGGATCACATCGAGGAACTG
IL-1b NM_212844 GTTCAGATCCGCTTGCAATG
pan-IL16 =~ XM_02147771 AGCGAAGTTAATGGTACAGCC
1

nirp3 MNO088121 GCTGTTACTGGGAGACTGAATG
G

pycard NM_131495 GCAGTAGCAGATGATCTATTGA
GG

Gasdermi  NM_00100194 ACTCTTCCTGCTCAAATCCTG
nE 7

18s NR_145818 GAGGTGAAATTCTTGGACCGG

4.4 Molecular biology reagents

TCGCCATCAGTATAAACCAGC

CGGTCAAAGTATGCAGGGAG
CGCTCAGTCTCCATTTCCTC

GTACCTCACTTCAGCCAGATG

GTTGGTTTTGCTGGAGGTTC
TTCACTGCCTCCACATTCAG
GTCATTCTCGAAGTCAGCGG

TGAAGGCATGGGATTGAGG
AGCCTAAATCTCCCTTTGCG

ACGCAGGGAATCAAGAAAGG

TTTCTTGGCTATCAGAGTCCG
TGCTTCATTCTGTTCAGGGC
ATTGCCTCCCGATGAAGCAG

GTTTCCAAGCATGCACCTGC
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CTATCAATTCTTTCCAGTGCTCAT

CG
ATCGGCTAAAACATCCAGAGC

CGAACCTCCGACTTTCGTTCT

Procedure Kit

Tissue lysis and RNA extraction QIAGEN QIAcube RNeasy Plus Mini Kit

cDNA synthesis Bio-Rad iScript cDNA Synthesis Kit 170-
8890

RNA and 18s cDNA visualization Qiagen HotStar Taq Pol Kit

RT-gPCR Ssofast™ EvaGreen® Supermix
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ATP determination Molecular Probes® ATP Determination Kit

4.5 Equipment
4.5.1 Equipment for behavioral analysis

Procedure Equipment
Locomotor activity ZebraBox

retrieval; automatically

generated outputs and

videos

Incubation of larvae at 28°C Exo Terra Incubator
before insertion into

ZebraBox

4.5.2 Equipment for ATP assay

Procedure Equipment

Tissue lysis TissueLyser LT Adapter, 12-
tube

ATP quantification Synergy H4 Hybrid Multi-

well Plate Reader

4.5.3 Equipment for molecular RT-gPCR

Procedure Equipment
Tissue lysis TissueLyser LT Adapter, 12-
tube

Sorvall™ Legend™ Micro

21R Microcentrifuge

Source
ViewPoint Behavior

Technology, Lyon, France

Exo Terra, Montreal, Canada

Source
QIAGEN

Biotek

Source

QIAGEN

Thermo Scientific



RNA extraction
cDNA PCR
RNA and cDNA

visualization

RT-gPCR

QIAcube

Mastercycler® nexus
Nanodrop 2000
Photospectrometer
Mini-Sub Cell GT System
Alphalmager™ HP System
CFX96™ Real-Time PCR

Detection System

4.5.4 Equipment for electrophysiology

Procedure

Larvae storage
Capillary preparation
Agar preparation
Embedding of larva
Wire soldering

Stage and electrode
manipulation
Electrode holder

Light/Fluorescence
source

Imaging

LFP signal acquisition

LFP signal amplifier

Equipment

10-140 Analog Incubator

P-30 Vertical Micropipette Puller
VWR Analogue Heat Block
Light Microscope (CKX41)
Weller WES51

Research Control Unit SM7

CV-7B Current Clamp and Voltage Clamp

Headstage

Lumen 200 Fluorescence Illumination

System
Femto2D Microscope
Digidata® 1550A Digitizer

MultiClamp 700B Microelectrode Amplifier

QIAGEN
Eppendorf, Canada

Thermo Scientific

Bio-Rad
Alpha Innotech

Bio-Rad

Source

Quincy Lab

Sutter Instrument
VWR Scientific

Olympus

Apex Tool Group

Luigs & Neumann

Femtonics

AXon Instruments

Prior Scientific
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Molecular Devices

Molecular Devices



4.6 Software
4.6.1 Software for ATP assay

Purpose
Fluorescence Assay
Luminescence Assay

Protein Concentration

4.6.2 Software for RT-gPCR

Purpose

Gene sequence retrieval
Primer Design

Primer location

RT-gPCR data acquisition

Relative expression analysis

4.6.3 Software for RNA-seq

Purpose

Pre-processing of padjusted values (<0.05)
Analysis of regulated biological processes
Protein-Protein Interaction Networks

Functional Enrichment Analysis

4.6.4 Software for electrophysiology

Purpose

Recording and visualization of LFP signals

LFP signal amplification

Microscope control
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Software

ZEN 2010 (Carl Zeiss Microscopy)
Gen5 Data Analysis Software (BioTek)
Nanodrop2000 a280

Software

NCBI — nucleotide

IDT - RealTime qPCR tool
SnapGene Viewer 5.3.2
CFX Manager software™
REST 2009©

Software

Excel (2016)

Gene Ontology (GO) Enrichment Analysis
STRING

Software
pCLAMP Clampex 11.1

MultiClamp Commander
Olympus BX61 powered by MATLAB®



Larva monitoring and image generation
Visualization and analysis of LFP signals
Analysis of the LFP signal

Statistical analysis and figure generation

4.6.5 Software for behavioral assay

Purpose

Behavioral tracking

Processing of Zebralab output

Statistical analysis and figure generation

5. Results

HClmage Live
pCLAMP Clampfit 11.1
NeuroExplorer ® 5.022
GraphPad Prism 9.3.1

Software

Zebralab (ViewPoint, Life Technology,
Lyon, France)

Fast Data Monitor (ViewPoint
Biotechnology)

GraphPad Prism 9.3.1

5.1 The molecular effects of MPTP in 6dpf zebrafish larvae

5.1.1 MPTP treatment induces metabolic stress in TL and Panxla-KO larvae

To understand how loss of Panx1 changes the expression of genes that are regulated by
MPTP treatment a molecular level analysis was performed. At the start of this research, the

bioinformatics team at SickKids Centre for Applied Genomics (TCAG) provided a refined

transcriptome analysis of a previously completed RNA-seq analysis of MPTP treated and
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untreated zebrafish larvae (6dpf). The new DESeq?2 analysis tested for differential expression by

negative binomial generalized linear models (Love et al., 2014). This analysis allowed for
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internal normalizations and automatic removal of outliers, which resulted in a more
representative analysis of the raw sequencing data than the previously used false discovery rate
analysis (FDR). The original raw RNA-seq data identified 58165 protein coding RNA

transcripts, including splice variants from > 20,000 genes.

Differentially regulated genes after DESeq2 analysis were identified using the padj-value
of P<0.01 as the cutoff. After the cutoff, 5087 genes were up-regulated in TL, and 5533 genes
were down-regulated. In Panx1a-KO, 3083 genes were up-regulated, and 4253 genes were
down-regulated. The improvement over a previous analysis with a less stringent FDR cutoff of
P<0.05 was immediately evident; the GO biological process analysis for both TL and Panxla-
KO larvae after four hours of treatment with MPTP (50M) showed an enrichment of genes
representing mitochondrial and energy metabolism (Figure 7a,b). Most up-regulated biological
processes in TL and Panx1a-KO larvae were related to roles in ATP-synthesis and oxidative
phosphorylation. Other enrichments were associated with the Golgi apparatus, Golgi vesicle-
mediated transport, and glycosyl-phosphatidylinositol (GPI) related processes of the endoplasmic
reticulum, indicating modulation of posttranscriptional processes. Down-regulated biological
processes enriched in the RNA-seq data were related to the circadian clock, translation, and
mMRNA processing and splicing. We concluded that four hours of MPTP treatment was sufficient
to alter the metabolism of larvae by MPTP/MPP+ inhibition of the mitochondrial Complex I.
The induced metabolic crisis was reflected by the up-regulation of biological processes
compensating for reduced ATP production, and at the same time, energy-intensive transcription

and translation processes were reduced.
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Figure 7. Gene Ontology Analysis. Differentially up-and down-regulated genes with an adjusted P-value
(padj-value) of P<0.01 were selected and imported into the Gene Ontology software. Enrichment was
determined using Fisher’s exact test with the calculation of the false discovery rate (FDR). The top ten
enriched GO Biological pathways were exported and graphed. a,b) Enrichment of up-regulated genes
identified in untreated and MPTP treated TL and Panx1a-KO larvae. ¢,d) Enrichment of down-regulated
genes identified in untreated and MPTP treated TL and Panxl1a-KO larvae.

5.1.2 MPTP treatment regulates differentially expressed genes associated with disease

pathways in TL controls and Panxla-KO larvae

After the GO biological process analysis, a KEGG pathway analysis was used to search
for genes enriched in curated signaling and disease pathways (Kanehisa et al., 2022). The KEGG
pathway analysis revealed the regulation of pathways related to metabolism and pathways of
neurodegeneration (Figure 8). Specifically, genes related to pathways in Parkinson's,
Alzheimer's, and Huntington’s disease were regulated after MPTP treatment. The regulation of
five genes, cytochrome c oxidase subunit 5B (COX5B), mitofusin 1 (MFN1), proteasome 26S

subunit ubiquitin receptor, non-ATPase 2 (PSMD?2); thioredoxin (TXN), and ubiquitin B (UBB)
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stood out as regulated in Parkinson’s disease pathways in both TL and Panx1a-KO larvae

(Figure 8b,c). MPTP treatment also regulated inflammatory and cell death pathways such as

MAPK signaling and autophagy. The number of pathways identified in untreated larvae (Figure

8a) or when comparing treated TL and Panx1a-KO larvae (Figure 8d) was low. Only single

genes related to KEGG pathways of Parkinson’s disease and metabolic pathways were found.

Other regulated pathways were NF-kappa B signaling, MAPK signaling, GABAergic synapses,

and metabolic pathways.

a TL vs Panxia-KO

NOD-like receptor signaling pathway
Metabolic pathways

Parkinson disease

Epstein-Barr virus infection
Salmonella infection

Thyroid hormone synthesis

Notch signaling pathway

Protein digestion and absorption

Fat digestion and absorption

Fluid shear stress and atherosclerosis

0 2 4 6
Number of regulated genes

Panx1a vs Panx1a-KO (MPTP treated)

Autophagy

Spinocerebellar ataxia

Ras signaling pathway

Rap1 signaling pathway
Metabolic pathways
Amyotrophic lateral sclerosis
Huntington disease

Alzheimer disease

Parkinson disease

Pathways of neurodegeneration

0 2 4 6
Number of regulated genes

TL vs TL (MPTP treated)

MAPK signaling pathway
Alzheimer disease

Ras signaling pathway
Amyotrophic lateral sclerosis
Huntington disease
Pathways in cancer
Parkinson disease

Metabolic pathways

Pathways of neurodegeneration

Rap1 signaling pathway

0 2 4 6
Number of regulated genes

d
TL vs Panx1a-KO (both MPTP treated)

Histidine metabolism

Rap1 signaling pathway
Synaptic vesicle cycle

Ras signaling pathway
Chemokine signaling pathway
Metabolic pathways
GABAergic synapse
Pathways in cancer

MAPK signaling pathway
NF-kappa B signaling pathway

0 2 4 6
Number of regulated genes

Figure 8. Enriched KEGG pathways before and after MPTP treatment. Regulated genes with a padj-
value of P<0.01 were selected and imported into the KEGG Mapper software. The top ten enriched
pathways are presented by the number of regulated genes. a) The comparison between baseline conditions
of TL and Panx1a-KO larvae. b) The enriched pathways after MPTP treatment of TL larvae. ¢) The
enriched pathways after MPTP treatment of Panx1a-KO larvae. d) The differences between TL and
Panx1a-KO larvae after MPTP treatment.
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5.1.3 STRING analysis revealed inflammatory pathways regulated in the MPTP model

Next, the KEGG Pathway database was used to manually curate a list of 148 mouse and
human genes associated with inflammation pathways. Zebrafish orthologs (n=41) of the 148
genes were identified in the RNA-seq data filtered with padjust set to P<0.01. Figure 9 shows
the log2fold expression changes of all 41 genes (See Supplementary Table S1 for exact
values). The stacked bars indicated that several genes (for example: caspase b, caspb; TGF-beta-
activated kinase 1 and MAP3K7-binding protein 2, tab2; Inhibitor of nuclear factor kappa B
kinase regulatory subunit gamma, ikbkg) responded with a similar up-or down-regulation (see

blue/green bars) after MPTP treatment in both genotypes.

Pﬁ}ﬁ{,e;g TL vs Panx1a-KO
maphis = TLvs TL MPTP
tnfsf11
panxia B Panx1a-KO vs Panx1a-KO MPTP
mapk3 Em TL MPTP vs Panx1a-KO MPTP

Genes
- |
3
=
(=2
-

i bkg
hsp90aa1.

T T T 1
-10 -5 0 5 10

log2FoldChange

Figure 9. The differential expression of inflammatory genes in the MPTP model. 6dpf TL and
Panxla-KO larvae were treated with MPTP (50uM). The RNA-seq analysis was performed by SickKids
(Toronto, ON). The data was analyzed and sorted by extracting genes with an adjusted P value of P<0.01.
The log2FoldChange values were graphed using GraphPad Prism.
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Regulated inflammatory genes were further analyzed for functional protein association
networks using a STRING analysis (Szklarczyk et al., 2019, 2021). The analysis determined
three associated clusters related to the NLRP3 inflammasome (Figure 10). These clusters
represented MAPK, NF-kappa B, and cell death pathways. Taken together, the results of
Sections 5.1.1 to 5.1.3 showed that the MPTP/MPP+ model using a four-hour treatment of 6dpf
larvae regulated genes and pathways associated with Parkinson’s disease and the NLRP3

inflammasome.

" NF-Kb pathway:
- primes NLRP3
“ inflammasome

ccll

e

MAPK Pathway:
regulates NLRP3
inflammasome

cribl?

Ixnipa — tnfsf11
8 &
— p2rx7
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\ -
)\ panxla
— )
| \ b
/ |/ mapkiza mapkl4a
Isp90aal. =
a7 Cell Death Pathway:
-C, L activated by NLRP
: inflammasome

Figure 10. STRING analysis of RNA-seq analysis. Identification of three regulated pathways related to
inflammasome activation. Each dot represents a gene that was regulated in the RNA-seq data. The color
of the dots represents the pathway to which they belong with MAPK (red), NF-kappa B (green), and
general cell death pathways (blue). Lines between the dots represent proteins that interact with one
another in vivo.
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5.1.4 RT-gPCR reveals an up-regulation of inflammasome genes

RT-gPCR was used as an independent method to investigate the regulation of
inflammasome genes after MPTP treatment. Primer pairs spanning at least one intron were
selected to test the expression regulation of 17 genes after treatment with 50uM MPTP in both
TL and Panx1a-KO larvae (Figure 11). The concentration was chosen since it was previously

identified as MPTP's effective upper concentration limit in behavioral experiments.

The treatment with 50uM MPTP in TL caused significant up-regulation of Uqcrq (1.98
fold), CFTR (3.16 fold), and PFKFB3 (2.10 fold) and a down-regulation of Gasdermin E
(GSDME) (0.59 fold) (Statistical information see Supplementary Table S2, 3 in the
Appendix). When Panx1a-KO larvae were treated with 50uM MPTP ATP5pf (1.49 fold), Uqcrq
(1.41 fold), CFTR (5.79 fold ), EEF2K (1.38 fold), PCK1 (2.71 fold) and PFKFB3 (1.79 fold)
were significantly up-regulated. NLRP3 was significantly down-regulated (0.57 fold) in Panxla-
KO larvae. The general trend of MPTP treatment was an up-regulation of inflammatory genes.
TL larvae had three genes significantly up-regulated, whereas Panx1a-KO had seven genes up-
regulated. Interestingly, core components of the NLRP3 inflammasome (GSDME, NLRP3) were

downregulated.
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Figure 11. The differential expression of NLRP3 inflammasome genes in TL and Panxla-KO larvae
determined via RT-gPCR. Seventeen genes were selected from the KEGG NOD-like receptor signaling
(NLRP3) pathway. a) The regulation of genes in TL larvae after 5S0uM MPTP treatment. The normalized
expression is graphed on the left, with gene expression normalized around 1. b) The regulation of genes
in Panx1a-KO larvae after 50uM MPTP treatment. The normalized expression is graphed on the left, with
gene expression normalized to 1 (no change).

5.1.5 MPTP treatment caused a significant decrease of extracellular ATP in TL but not

Panxla-KO larvae

Panxla channels release ATP, and researchers in the lab recently demonstrated that
extracellular ATP was significantly reduced in Panx1a-KO larvae in an experimental model of
epilepsy (Whyte-Fagundes et al., 2022). Here, extracellular ATP levels were tested before and
after MPTP treatment to confirm the hypothesis that the MPTP/MPP+-induced mitochondrial
and energy metabolism crisis translated to low extracellular ATP levels. When the free
extracellular ATP concentration was determined in both 6dpf TL and Panx1a-KO larvae before
and after MPTP treatment, a baseline ATP concentration of 2.71 nM/ug protein was detected in
TL larvae (Figure 12; Statistical information see Supplementary Table S4 in the Appendix).

The extracellular ATP concentration of TL larvae fell to 0.96 nM/ug protein after treatment with
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10puM MPTP. The ATP concentrations of Panx1a-KO larvae pre-treatment (1.06 nM/pg protein)
and post-MPTP treatment (0.95 nM/pg protein) were very similar to TL treated with MPTP. This
result demonstrated that the Panxla release of ATP is impaired by MPTP treatment and reduced

to very low levels like those found after the loss of Panx1a channel function.

w
1

N
1

-
1

ATP Concentration (nM/ug)

Figure 12. The free extracellular ATP in both TL and Panxla-KO larvae before and after
treatment with MPTP. Free extracellular ATP was extracted from six-day post fertilization larvae.
Using a standard firefly luciferase assay, ATP was detected in the nanomolar range (nM) in the
supernatants of homogenized larval tissue. ATP concentrations were normalized to protein concentrations
(ng) to account for the larvae' bodyweight variability. Tissue samples were prepared from 50x 6dpf
larvae. Each data point represents three experimental replicates. Statistics: Welch’s t-test: P-values; *

(<0.05) and ns (non-significant).

5.2 In-vivo electrophysiology of awake zebrafish larvae

5.2.1 The beta- and gamma-frequency bands in local field potential recordings of the

zebrafish brain

To understand the effects of loss of Panxla as well as MPTP treatment on the

connectivity of the ascending visual pathway, LFP recordings were conducted. Previous studies
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from our lab have shown prominent activity peaks of the gamma-band in awake zebrafish LFP
recordings (Safarian et al., 2020). Here, the rationale for analyzing the gamma- and beta-bands
was based on reports implicating changes of both bands in other models of Parkinson’s disease
and human patients (Jackson et al., 2019; Swann et al., 2016). The PSD analysis of raw data
determined power distribution into frequency components composing that signal. In both TL and
Panxla-KO larvae, a prominent peak around 40Hz in the gamma-band range was detected
(Figure 13). The beta-band did not show major peaks, but smaller peaks at the 12Hz and 30Hz

ends of the beta-band.
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Figure 13. Examples of the power spectral density analysis for TL and Panxla-KO larvae. A
bandpass filter extracted traces ranging from 0 to 55 hertz (Hz) from raw data, collecting continuous
signals ranging up to 20 kilohertz (kHz). Baseline PSDs represent a) untreated TL and b) Panx1a-KO
zebrafish. The boxed areas represent the frequency ranges selected for data analysis.
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5.2.2 Baseline activities in the ascending visual pathway showed no response to light

changes but distinct power spectral density peaks

Initial studies determined the responses of three brain regions, DM, DL, and OT, to
Light-ON (1000 lux) and Light-OFF (0 lux) conditions. In the gamma-band range (35-45 Hz),
overlapping power spectral densities were detected in TL and Panxl1a-KO larvae in both Light-
ON and Light-OFF conditions (Figure 14a-d). No significant differences were detected in the
maximum power of the gamma band in all regions of TL and Panxl1a-KO larvae (Figure 14e,f).
However, in both genotypes, a shift of the maximum peak PSD power spike was observed
(Figure 14g,h), with the spike maximum (MAX) detected in DM and DL regions in the 38-39Hz
range and the OT spike at around 41Hz. The Light-ON/OFF stimuli did not affect the shift to a
higher gamma band frequency in the OT. We speculated that the shift in the PSD peak reflected

intrinsic properties of the brain region we had recorded from.
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Figure 14. Baseline activities of the brain regions DM, DL, and OT region in the 6dpf zebrafish
larvae.

a-d) The power spectrum of the PSD analysis of the gamma-band (35-45 Hz). The PSDs were color
coded for DM (blue), DL (green), and OT (red). The data were binned using the Welch periodogram
method. Each bar represents the average PSD across four individual larvae + SEM at that frequency.

e-f) The maximum power of the PSD analysis was determined from the gamma-band quantification and
plotted for each TL and Panxla-KO larva in Light-ON (white background) and Light-OFF (grey
background) conditions. No significant differences were observed between the peak power (MAX) of the
three regions tested.

g-h) The maximum power of DM (blue), DL (green), and OT (red) at their respective frequency. A
distinct shift can be seen in the boxed areas between the frequencies of DM/DL and OT in both the TL
and Panxla-KO. The OT peak was shifted by =~ two hertz (low to high).

In a-h) PSD units are in Nanoampere/Hertz
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Statistics: A Kruskal-Wallis test was used to calculate significance. NS means no significant differences
were found (P-value = >0.05). n =4 for TL DM and DL, n =8 for TL OT, n = 4 for Panx1a-KO DM and
DL, and n = 4 for Panx1a-KO OT.

5.2.3 Beta-band activities in TL and Panxl1a-KOs showed complex responses to
pharmacological blocking of NMDA- and GABAA-receptors, Panx1 channels, and MPTP

treatment

Pharmacological treatments were used to investigate how the loss of Panx1a function
affected the activities of the three regions, OT, DM, and DL. PROB is a blocker of Panx1
channels (Silverman et al., 2008b). The GABAA receptor antagonist BCC and the NMDA
receptor blocker MK-801 were selected to block GABAergic inhibitory and the NMDAR
mediated component of glutamatergic excitatory transmission (Johnston, 2013; Song et al.,
2018). MPTP is a prodrug, which, when converted to the neurotoxin MPP* causes permanent
symptoms of Parkinson's disease by destroying dopaminergic neurons. Figure 15 outlines how
PROB, BCC, and MK-801 were expected to affect neuronal networks' excitation — inhibition

balance.
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Figure 15. Overview of the predicted actions caused by interventions with selected drugs. Three
types of drugs were tested. Probenecid blocks Panxla channels. The inhibition of Panx1a channels blocks
the release of ATP into the synaptic cleft, causing reduced levels of ATP in the extracellular space. The
reduction of ATP is known to up-regulate D2 dopaminergic receptors and adenosine receptors (Safarian
et al., 2020). Bicuculline acts on GABAA receptors, causing an inhibition of the movement of chloride
through the channel. MK-801 is an uncompetitive antagonist of the N-Methyl-D-aspartate receptor
(NMDAR). The inhibition of GABAA and NMDA receptors was expected to shift neurons'
excitation/inhibition balance. The blockage of GABAA reduces the receptors frequency of opening,
shifting the balance to increased excitation. The blockage of NMDA receptors causes a shift to more
inhibition. (Image generated with BioRender.com)

Here, we focused first on the PSD analysis of the beta-band. In the three regions, OT,
DM, and DL, the peak power of the beta-band (range 12 to 30 Hz) were unaffected by PROB
and light in TL (Figure 16; Statistical information see Supplementary Tables S5-8 in the

Appendix).

BCC caused a significant decrease in the OT and DL of Panx1a-KO larvae in both the
Light-ON and Light-OFF conditions (P< 0.05, 0.01, 0.01, and 0.01). BCC treatment of TL larvae

did not cause significant changes in peak power.
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MK-801 treatment caused a significant decrease in peak power of the beta band of
Panxla-KO larvae's OT region in both Light-ON and OFF conditions (P < 0.02 and 0.02). In TL
larvae, MK-801 treatment caused a significant decrease in peak power of the DM region in the

Light-ON condition only (P < 0.05).

MPTP was the only drug causing a significant increase in the peak power of Panxla-KO
larvae in the OT region (P < 0.04 and 0.04). The beta band peak power from other regions of the
Panxla-KO larvae and all regions of the TL larvae tested were not significantly affected by

MPTP treatment.

Next, an Average Power analysis was used as a second method to compare beta-band
power before and after drug treatment. Estimation plots (Figure 17A-D) present the magnitude
of the drug effects, along with a visual representation of its precision (95% confidence interval
(C.1)). When Panx1 channels were blocked by PROB treatment, the DM region of TL larvae
showed a significant increase in overall beta-band power, whereas both OT and DL regions had
an opposite, significant decrease in average beta power (Figure 17A; Statistical information
see Supplementary Tables S13-16 in the Appendix). In Panx1a-KO larvae, the PROB

treatment caused an increase in the average beta-band power across all three regions tested.

The general trend observed in the average beta band power of TL larvae after BCC
treatment was a decrease in the OT, DM, and DL in Light-OFF conditions, whereas beta-band
power increased in the OT and DM in the Light-ON condition (Figure 17B). The Panx1la-KO
larvae have lost the response to Light-ON. A significant decrease in average beta-band power

was detected across OT, DM, and DL in both Light-ON and Light-OFF stimuli.
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The TL larvae's beta band was significantly affected by the MK-801 treatment. In the OT
region, MK-801 treatment caused a significant increase in the average beta-band power, while in
both the DM and DL regions, a significant decrease in average beta power was observed (Figure
17C). In the Panx1a-KO, the general trend was a decreased average beta-band power for all

regions.

The MPTP treatment significantly affected the beta-band in both TL and Panx1a-KO
larvae. The OT of TL larvae showed a significant decrease in the average power of the beta-band
(Figure 17D). The DM and DL regions showed a significant increase in beta-band power. In the
Panxla-KO larvae, MPTP treatment caused a significant increase in average beta-band power in
OT and DL in Light-OFF conditions and during Light-ON conditions in the DM. In the Light-
OFF condition, the DM region had a significant decrease in the average beta power. Taken
together, the analysis showed complex responses to the different drugs and light stimuli used,
and that the loss of Panxla led to an increase in average and peak beta-band power after MPTP

treatment.
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Figure 16 A-D. The analysis of maximum beta-band power after drug treatments. Local field
potentials were recorded from the visual ascending pathway of six days post fertilization TL and Panxla-
KO Danio rerio larvae. Three regions were recorded, the optic tectum (OT), amygdala (DM), and
hippocampus (DL). Drug treatments were for 30 minutes before recording. The concentrations used:
Probenecid (PROB; 20uM), bicuculline (BCC; 100uM), and MK-801 (20uM). Each larva was recorded
in Light-ON/OFF conditions. MPTP treatment (50uM) was for four hours before recording. The beta-
band was extracted and analyzed with the power spectral density (PSD) analysis. Units of PSD is
Nanoampere/Hertz. The peak power values of each recording were averaged before and after treatment.
The peak power values of individual larvae before (Control) and after treatment were graphed in open
circles in light blue (TL) and light green (Panx1a-KO). Significance was calculated using paired t-tests.
The average of the peak powers was graphed in filled circles in dark blue (TL) or dark green (Panxla-
KO). Significance: (****) indicates a P-value less than 0.0001, (***) indicates a P-value of less than
0.001, (**) indicates a P-value of less than 0.01, (*) indicates a P-value of less than 0.05 and (ns) refers to
no significant differences (P-value > 0.05).

A - Probenecid. The treatment with PROB had no significant effects on the peak power frequency of the
beta-band peak in both TL and Panxl1a-KO larvae. The number of larvae tested: TL DM (n =4), TL DL
(n=4), TL OT (n = 8), Panx1a-KO DM (n = 4), Panx1a-KO DL (n = 3) and Panx1a-KO OT (n = 5).

B - Bicuculline. BCC treatment caused a significant decrease in beta-band peak power in the OT and DL
regions of Panx1a-KO larvae. No other regions were significantly affected by the BCC treatment. The
number of larvae tested: TL DM (n =5), TL DL (n=4), TL OT (n = 9), Panx1a-KO DM (n = 4), Panxla-
KO DL (n = 3) and Panx1a-KO OT (n = 7).

C - MK-801. After treatment with MK-801, a significant decrease in TL DM beta-band peak power in the
light-ON region. The beta-band peak power of the OT region of Panx1a-KO larvae was significantly
decreased in both the light-ON/OFF conditions. No other regions were significantly affected by MK-801
treatment. The number of larvae tested: TL DM (n =4), TL DL (n=3), TL OT (n = 6), Panx1a-KO DM
(n =5), Panx1a-KO DL (n = 3) and Panx1a-KO OT (n =7).

D - MPTP. The beta-band peak power of Panx1a-KO larvae in the OT region was significantly increased
after MPTP treatment. No other regions were significantly affected after MPTP treatment. Significance
was calculated using a Welch’s t-test and visualized using estimation plots. The number of larvae tested:
TLDM (n=4), TLDL (n=4), TL OT (n = 8), Panx1a-KO DM (n = 4), Panx1a-KO DL (n = 3) and
Panx1a-KO OT (n =7).
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Figure 17 A-D. The analysis of average beta-band power after drug treatment. The average beta-
band power analysis used the identical raw data for quantifying the maximum beta band power. Each
beta-band recording was averaged over multiple trials and analyzed using a paired t-test or a Welch's t-
test for MPTP. Using GraphPad Prism, an estimation statistics analysis calculated the 95% confidence
interval (ClI). The final plots show Estimation plots presented as violin plots (for >100 data points) with
differences between means (error bars = 95% CI). The shaded grey color indicated Light-OFF. Dotted
lines indicate the means for each condition. Significances are indicated with a (*) where (****) indicates
a P-value less than 0.0001, (***) indicates a P-value of less than 0.001, (**) indicates a P-value of less
than 0.01, (*) indicates a P-value of less than 0.05 and (ns) means no significant differences were
observed (P-value > 0.05). Units of PSD is Nanoampere/Hertz.

A - Probenecid. The general trend observed was a decrease in average band power in the OT and DL and
an increase in TL. In Panxl1a-KO larvae, the PROB treatment caused an increase in the average power of
all three regions. The number of larvae tested: TL DM (n=4), TL DL (n=4), TL OT (n = 8), Panx1a-KO
DM (n = 4), Panx1a-KO DL (n = 3) and Panx1a-KO OT (n = 5).

B - Bicuculline. BCC treatment in general caused a decrease in the average beta frequency power. The
number of larvae tested: TL DM (n =5), TL DL (n = 4), TL OT (n =9), Panx1a-KO DM (n = 4), Panxla-
KO DL (n = 3) and Panx1a-KO OT (n =7).

C - MK-801. MK-801 treatment caused a significant decrease in the beta band power in the DM and DL
but caused an increase in the OT of TL. In Panx1a-KO larvae, the average band power decreased. The
number of larvae tested: TL DM (n=4), TL DL (n = 3), TL OT (n = 6), Panx1a-KO DM (n = 5), Panx1la-
KO DL (n = 3) and Panx1a-KO OT (n=7).

D - MPTP. MPTP treatment caused an increase in the DM and DL, as well as decreased the average beta
power of the OT in TL. In Panx1a-KO larvae, the MPTP treatment generally increased beta band power.
The number of larvae tested was TL DM (n=4), TL DL (n=4), TL OT (n = 8), Panx1a-KO DM (n = 4),
Panx1a-KO DL (n = 3) and Panx1a-KO OT (n=7).

5.2.4 Gamma-band activities in TL and Panxla-KOs showed complex responses to
pharmacological blocking of NMDA- and GABAA-receptors, Panx1 channels, and MPTP

treatment

As shown in the previous chapter, the gamma-band (35-45 Hz) was extracted from the
PSD analysis. The treatment with PROB did not affect the peak power of the gamma-band of
both TL and Panx1a-KO larvae in all conditions tested (Figure 18A, a-f; Statistical

information see Supplementary Tables S9-12 in the Appendix).
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BCC treatment caused a significant increase in the OT region of Panx1a-KO larvae in the
Light-ON condition (Figure 18B, d). Otherwise, BCC did not significantly affect TL larvae or

Panxla-KO larvae.

The third drug, MK-801, just like PROB, did not cause any significant changes in the

peak power of the gamma-band in TL and Panx1a-KO larvae (Figure 18C, a-f).

The last drug MPTP caused a significant increase in peak gamma power in the OT of TL
larvae in both Light-ON and OFF conditions (Figure 18D, a,d). MPTP did not cause any other

significant difference.

The PSD data were also analyzed for the changes in the average gamma-band power. In
both the OT and DM of TL larvae, the treatment with PROB treatment caused a significant
increase in the overall power of the gamma-band in Light-ON and Light-OFF conditions (Figure
19A,; Statistical information see Supplementary Tables S17-20 in the Appendix). However,
the DL region had the opposite effect of causing a decrease in average gamma power in the
Light-ON condition. In the Panx1a-KO larvae, PROB treatment caused a significant decrease in

both the DM and OT regions, while the DL region gamma power was significantly increased.

When larvae were treated with BCC, it generally caused decreases in gamma-band power

of TL larvae, whereas the effect was the opposite in Panx1a-KO larvae (Figure 19B).

In the gamma-band, the MK-801 treatment caused a significant decrease in the average
gamma power of TL in the OT and a significant increase in the DM (Figure 19C). Under the
Light-ON condition, a significant increase of gamma power in the DL was observed and a
significant decrease in the Light-OFF condition. The average power of Panx1a-KO was

increased in the OT region and significantly decreased in the DL. Under the Light-ON stimulus,
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the DM region of Panx1a-KO larvae showed a decrease in average power and an increase with

the Light-OFF stimulation.

Lastly, MPTP treatment in TL larvae caused a significant increase in the average gamma
power in the OT, whereas the DM and DL regions had a significant decrease in average power
(Figure 19D). In the Panx1a-KO larvae, the OT, DM, and DL regions observed a significant
decrease in average gamma power for the Light-ON condition. A significant increase in average
gamma power was observed in the Light-OFF condition for the DL region. Overall, the gamma-
band activities showed opposite responses to light stimuli across multiple brain regions with

significant differences between genotypes.
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Figure 18 A-D. The analysis of maximum gamma-band power after drug treatments. Local field
potentials were recorded from the visual ascending pathway of six days post fertilization TL and Panx1la-
KO Danio rerio larvae. Three regions were recorded, the optic tectum (OT), amygdala (DM), and
hippocampus (DL). Drug treatments were for 30 minutes before recording. The concentrations used were
Probenecid (PROB; 20uM), bicuculline (BCC; 100uM), and MK-801 (20uM). Each larva was recorded
in Light-ON/OFF conditions. MPTP treatment (50uM) was for four hours before recording. The gamma
band was extracted and analyzed for power spectral density (PSD). Units of PSD is Nanoampere/Hertz.
The peak power values of each recording were averaged before and after treatment. The peak power
values of individual larvae before (Control) and after treatment were graphed in open circles in light blue
(TL) and light green (Panxla-KO). Significance was calculated using paired t-tests. The average of the
peak powers was graphed in filled circles in dark blue (TL) or dark green (Panx1a-KO). Significance:
(****) indicates a P-value less than 0.0001, (***) indicates a P-value of less than 0.001, (**) indicates a
P-value of less than 0.01, (*) indicates a P-value of less than 0.05 and (ns) refers to no significant
differences (P-value > 0.05).

A - Probenecid. No significant differences were observed in the peak power of TL and Panxla-KO
larvae after PROB treatment in the three regions tested. Significance was calculated using a paired t-test
and visualized using estimation plots. The number of larvae tested: TL DM (n=4), TLDL (n=4), TL
OT (n = 8), Panxla-KO DM (n = 4), Panx1a-KO DL (h = 3) and Panx1a-KO OT (n = 5).

B - Bicuculline. The treatment with BCC caused a significant increase in gamma-band power of Panxla-
KO larvae of the OT region in the light-ON condition. No other region of the Panx1a-KO larvae or any of
the TL larvae had a significant change in the peak gamma frequency. The number of larvae tested: TL
DM (n=5), TLDL (n=4), TL OT (n =9), Panxla-KO DM (n = 4), Panx1a-KO DL (n = 3) and Panxla-
KOOT (n=7).

C - MK-801. No significant differences were observed in the peak power of TL and Panx1a-KO larvae
after MK-801 treatment in the three regions tested. The number of larvae tested: TL DM (n =4), TL DL
(n=3), TL OT (n = 6), Panxla-KO DM (n = 5), Panx1a-KO DL (n = 3) and Panx1a-KO OT (n =7).

D - MPTP. The treatment with MPTP caused a significant increase in the OT region's gamma-band
power of TL larvae in the light-ON/OFF condition. No other region of the TL larvae or any of the
Panxla-KO larvae had a significant change in the peak gamma frequency. Significance was calculated
using a Welch's t-test and visualized using estimation plots. The number of larvae tested: TL DM (n = 4),
TL DL (n=4), TL OT (n = 8), Panx1a-KO DM (n = 4), Panx1a-KO DL (n = 3) and Panx1a-KO OT (n =
7).
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Figure 19 A-D. The analysis of average gamma-band power after drug treatment. The average
gamma-band power analysis used the identical raw data used for the quantification of the maximum beta
band power. The gamma band was averaged and analyzed using a paired t-test. Using GraphPad Prism,
an estimation statistics analysis calculated the 95% confidence interval (Cl). The final plots show
Estimation plots with differences between means (error bars = 95% CI). The shaded grey color indicated
Light-OFF. Dotted lines indicate the means for each condition. Significances are indicated with a (*)
where (****) indicates a P-value less than 0.0001, (***) indicates a P-value of less than 0.001, (**)
indicates a P-value of less than 0.01, (*) indicates a P-value of less than 0.05 and (ns) means no
significant differences were observed (P-value > 0.05). Units of PSD is Nanoampere/Hertz.

A - Probenecid. PROB treatment caused an increase in the average gamma-band power of the DM and
OT region and decreased average power in the DL of TL larvae. The general trend after PROB treatment
was a decrease in average band power in the DM and OT and an increase in the DL of Panx1a-KO larvae.
The number of larvae tested was TL DM (n =4), TL DL (n =4), TL OT (n = 8), Panx1a-KO DM (n = 4),
Panx1a-KO DL (n = 3) and Panx1a-KO OT (n =5).

B - Bicuculline. BCC treatment caused a general decrease in the gamma-band power of TL and an
increase in Panx1a-KO larvae. The number of larvae used was TL OT (n=9), TL DM (n=5), TL DL (n
= 4), Panx1a-KO OT (n = 7), Panx1a-KO DM (n = 4) and Panx1a-KO DL (n = 3).

C - MK-801. MK-801 treatment caused an increase in average gamma-band power in the DM, a decrease
in the OT, and differential regulation of the DL in TL. MK-801 treatment caused an increase in average
gamma-band power in the OT, a decrease in the DL, and differential regulation of the DM in Panxla-KO.
The number of larvae used was TL OT (n=7), TL DM (n =4), TL DL (n = 3), Panx1a-KO OT (n = 6),
Panxla-KO DM (n = 5) and Panx1a-KO DL (n = 3).

D - MPTP. The gamma band was averaged over multiple trials, analyzed using a Welch's t-test, and
graphed as an estimation plot using GraphPad Prism. MPTP treatment caused an increase in average
gamma-band power in the DM and DL, as well as the decreased average power of the OT region in TL
larvae. Generally, average gamma-band power was decreased after MPTP treatment in Panxla-KO
larvae. The number of larvae used was TL OT (n =8), TL DM (n=4), TL DL (n = 4), Panx1a-KO OT (n
=7), Panx1a-KO DM (n = 4) and Panx1a-KO DL (n = 3).

5.2.5 The comparison of the regulation of the beta- and gamma-band frequencies of TL

and Panxla-KOs revealed a complex relationship with drug treatments and light responses

The average band power of the beta- and gamma-bands shown in Figures 17 and 19
were compared. The rationale for presenting this comparison as a heat map was to visualize
increases, decreases, or nonsignificant differences in average band power in a simplified graph.
Arbitrary values of 0, 1, and 2 were assigned for significant decrease (green), no change (black),

or increase (red) based on the P-values shown in (Figure 17A-D) and (Figure 19A-D).
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MPTP treatment generally caused a down-regulation of the beta-band and an up-
regulation of the gamma-band in both TL and Panx1a-KO (Figure 20). The OT region of TL and

Panxla-KO larvae appeared to have the opposite regulation after MPTP treatment.

Treatment with BCC overall caused a decrease in average beta-band power in TL and
Panxla-KO larvae. TL larvae showed a decrease in average power in the gamma-band, whereas,

in Panx1a-KO larvae, average power increased in the OT and DM regions.

MK-801 treatment generally caused a decrease in average beta-band power in both TL
and Panx1a-KO larvae. The OT region of TLs was differentially regulated compared to Panxla-
KO larvae, where MK-801 treatment caused an increase. Each region was differentially

regulated when the gamma-band was analyzed after MK-801 treatment.

PROB treatment caused an overall decrease of beta-band power in TL larvae and an
increase in Panx1a-KO larvae. In the gamma-band, there was a flip from the beta-band trend.
The TL larvae generally had an increase in average gamma-band power, and Panxla-KO larvae
had a decrease in power. Overall, the DM and DL regions of TL and Panx1a-KO larvae had
similar regulations. The OT region of TL and Panx1a-KO larvae showed more opposite

regulations than the two other regions.

Overall, the OT region showed the most differences between TL and Panxla-KO larvae.
For example, MPTP treatment reduced beta-band power in the OT of TL and an opposite
increase in Panxla-KO. When Panxla was present, both the beta- and gamma-band showed
opposite responses after treatment with PROB, BCC, MK-801, and MPTP. The DM and DL

regions showed no distinct patterns with the drugs tested in both TL and Panx1a-KO larvae.
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Figure 20. The comparison of the average power of the beta- and gamma-bands. When average
power significantly increased after treatment, a value of two was assigned that was graphed as red in the

heat map. When average power significantly decreased, a value of zero was given that was graphed as
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green in the heat map. When no significant differences were observed post-treatment, a value of one was
assigned, which appears as black on the heat map. The assignment of values derived from the P-values is
shown in Sections 5.2.3 and 5.2.4. Scale bars reference the colors assigned to the values 0, 1, and 2.
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5.2.6 A Coherence Analysis showed that light and drug treatment affected the relationship

between OT, DM, and DL in the ascending visual pathway

General trends observed in the previous result sections suggested complex responses,
often with opposite or mixed trends, were induced by blocking GABAergic (BCC),
glutamatergic (MK-801), or ATP-mediated purinergic signaling (PROB). Here, we took
advantage of the two-electrode recording setup and performed a coherence analysis which
allowed testing the relation between data sets recorded simultaneously from two regions of the
zebrafish brain. Since coherence determines the relationship between two continuously recorded

data sets, a higher coherence was expected, indicating a greater relationship and vice versa.

The coherence between the pallium represented by the DL and DM, and the OT was
determined from simultaneous recordings. Treatment with PROB had little effect on the
coherence between the DM and OT regions of TL larvae, only causing an increase in the gamma
frequency in the Light-OFF condition (Figure 21; Statistical information see Supplementary
Tables S21-24 in the Appendix). When the DL and OT regions were analyzed, there were
significant increases in coherence across all frequencies in TL larvae. In Panxla-KO larvae, the
PROB treatment changed the coherence in the beta- and gamma-bands with little effect in the

lower frequency range.

BCC treatment caused an increase in coherence in TL and a decrease in coherence in
Panxla-KO larvae. All regions except for DM and OT in the Light-OFF condition changed

coherence significantly.

MK-801 treatment in TL significantly increased coherence between the DM and OT in

the Light-OFF condition but not in the Light-ON condition. This response was opposite to the
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response detected in Panx1a-KO larvae, which showed a significant decrease in the Light-ON
condition when comparing the DM and OT regions. When the DL and OT regions were
compared, coherence in TL larvae was increased, whereas Panx1a-KO larvae showed a decrease
in the lower frequency bands. No differences in the gamma-band of Panx1a-KO larvae in DL

and OT recordings were observed.

MPTP treatment had a unique effect on both TL and Panx1a-KO larvae. The treatment
with MPTP caused a significant decrease in coherence in TL larvae but increased coherence in

Panxla-KO larvae across the entire frequency range.
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Figure 21 A-D. Coherence analysis between the pallium and the optic tectum in the visual
ascending pathway. Danio rerio larvae were tested between five to seven days old. The cartoons in A-D
a) indicate the experimental paradigms used (Image generated with BioRender). Baseline (control)
activities of larvae were recorded using Light-ON/OFF conditions followed by treatment for 30 minutes
with probenecid (20uM), bicuculline (100uM), and MK-801 (20uM). After 30min, larvae were exposed
again to Light-ON/OFF conditions. In the case of MPTP treatment, the larvae were incubated for four
hours in the dark before recording. The coherence analysis shows DM and OT on the left (b, d, f, h) and
DL and OT on the right (c, e, g, i). Baseline recordings are presented in blue/green, and post-drug
treatments in red. The traces show average + SEM.

A - Probenecid. b-e) Probenecid appears to have little effect on coherence in TL larvae in the lower
frequencies. However, probenecid shows a trend of increasing coherence in the gamma band of TL larvae
in the dark. f-i) Panx1a-KO larvae show a consistent effect of having increased coherence at lower
frequencies but little incoherence in the gamma band. Statistics: n = 4 for TL and n = 4 for Panx1a-KO.

B - Bicuculline. b-e) BCC increased coherence in TL larvae in the lower frequencies. However, BCC
treatment showed little coherence changes in TL larvae's gamma band. f-i) Panx1a-KO larvae show an
opposite effect of having decreased coherence at lower frequencies and greater coherence in the gamma
band. Statistics: n = 4 for TL, n = 4 for Panx1a-KO DM, and n = 3 for Panx1a-KO DL.

C - MK-801. b-e) MK-801 appears to have little effect on coherence in the DM/OT region in the lower
frequencies, whereas in the DL/OT, larger changes are observed. MK-801 shows a trend of increasing
coherence in the gamma band of TL larvae in the DM/OT region. f-i) MK-801 treatment generally caused
a decrease in coherence in the lower frequency bands of the DM/OT and DL/OT. MK-801 increased
coherence in the DM/OT region in the gamma band. Statistics: n =4 for TL DM, n=3for TLDL,n=5
for Panx1a-KO DM and n = 3 for Panx1a-KO DL.

D - MPTP. b-e) MPTP causes a significant decrease in coherence at the lower frequencies of the
DM/OT. The coherence between DL/OT was only slightly increased post MPTP treatment at lower
frequencies. MPTP causes an increase in the coherence of the gamma band f-i). Overall, MPTP treatment
of Panx1a-KOs caused increased coherence at lower frequencies in all regions tested. The gamma-band
appears to decrease after MPTP treatment generally. Statistics: n = 4 for TL and n = 4 for Panxla-KO.

5.2.7 The comparison of coherence in TL and Panx1a-KOs revealed a complex relationship

with drug treatments and light responses

The results of the coherence analysis were complex again, with each drug revealing
distinct relationships between genotypes, light conditions, and tissues of interest. The coherence
traces were split into the delta, theta, alpha, beta, and gamma frequencies to extract patterns. The
extracted data were further analyzed using a 2-way ANOVA followed by Tukey’s multiple

comparisons. The P-values from this 2-way ANOVA were graphed as heat maps to visualize
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whether stimuli and drugs had significant effects on coherence in the brain regions tested

(Figure 22; Statistical information see Supplementary Tables S21-24 in the Appendix).

In the control and PROB-treated larvae, there were no significant changes in the
coherence of the DM/OT of both TL and Panx1a-KO and the DL/OT of Panx1a-KO. The DL/OT

of TL larvae showed more variability than the DM/OT both before and after treatment.

When TL and Panx1a-KO larvae were treated with BCC, the coherence between Light-
ON and Light-OFF stimuli became more similar in the DM/OT regions. The coherence between
the DL/OT regions became more different compared to the control conditions. MK-801 showed
the opposite effect, where after treatment, coherence became more similar in the DL/OT region

and less similar in the DM/OT regions.

MPTP treatment, in general, caused a significant difference in coherence compared to

pre-treatment levels between the DM/OT and DL/OT regions of both TL and Panx1a-KO larvae.

We concluded that the genotypes did not determine the responses to BCC and MK-801
since both TL and Panx1a-KO larvae showed similar trends. However, the opposite trends in
response to light stimuli caused by blocking GABAergic versus glutamatergic signaling
suggested differences in the balance between excitation and inhibition in both DM and DL
regions. In contrast, MPTP treatment was disruptive and caused decreases in the beta-band

coherence of TL. MPTP treatment in Panx1a-KO caused increases in beta-band coherence.
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Figure 22 A-D. The comparison of changes in coherence between the DM/OT region and DL/OT
region after drug treatment. The coherence between the DM/OT and DL/OT was analyzed using
NeuroExplorer. The delta (0.5-3Hz), theta (3-7Hz), alpha (7-12Hz), beta (12-30Hz), and gamma (30-
45Hz) frequency bands were separated and analyzed before and after treatment. Differences and
significances were calculated using GraphPad Prism using a 2-Way ANOVA with Tukey's multiple
comparison analysis. Heat maps were created in GraphPad Prism based on P-values. Scale bars indicate
no significance (red) to high significance (green).

A - Probenecid. Statistics: n = 4 for TL and n = 4 for Panx1a-KO.
B - Bicuculline. Statistics: n = 4 for TL, n = 4 for Panx1a-KO DM, and n = 3 for Panx1a-KO DL.

C - MK-801. Statistics: n =4 for TL DM, n =3 for TL DL, n =5 for Panx1a-KO DM and n = 3 for
Panxla-KO DL.

D - MPTP. Statistics: n =4 for TL and n = 4 for Panx1a-KO.

5.3 Behavioral phenotyping of zebrafish larvae

5.3.1 Inhibition of the NLRP3 inflammasome improves the MPTP-induced zebrafish

swimming behavior

The effects of MPTP treatment and loss of Panx1a on the behavioral phenotype were
investigated using behavioral assays. In Sections 5.1.3 and 5.1.4, we showed evidence that the
NLRP3 inflammasome was regulated in the acute MPTP zebrafish model. As shown in Figure
23a, the NLRP3 inflammasome assembly triggers caspase activation and interleukin-1p (IL-1p)
signaling, eventually leading to cell death. Indirect activation pathways via NF-kB and MAPK
signaling or canonical and non-canonical activation are known. The drugs CY-09, INF39,
MCC950, and dexamethasone are inhibitors that target these pathways. Here they were used in
the context of effects on behavioral phenotypes. When the visual system was stimulated, the
evoked swimming behavior was quantified by automatic locomotion tracking. We exploited that
in a modified VMR test during a period of 20 minutes in a Light-OFF phase (0 lux), the

swimming behavior of larvae was reduced to a minimum. When light intensity was ramped up
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stepwise from 0 to 1600 lux during a Light-ON phase, larvae resumed swimming without

showing a startle and freeze response, as demonstrated by Safarian et al. (2020).

In untreated larvae, the TL moved 25.57 £ 0.48mm and the Panx1a-KO moved 21.12 +
0.45mm. As shown by Estimation Plots (Figure 23), the application of the drugs CY-09 (TL =
14.12 £ 0.46mm; Panxla-KO = 14.58 £ 0.44mm), INF39 (TL = 21.76 £ 0.95mm; Panx1a-KO =
7.028 + 0.59mm), and dexamethasone (Panx1a-KO = 16.54 + 0.78mm) to TL and Panx1a-KO
larvae caused a significant decrease in the total distance travelled (Statistical information see
Supplementary Tables S27-30 in the Appendix). MCC950 significantly (P-value = 0.0002)
improved the behavioral phenotype of TL larvae compared to untreated conditions (TL control =

25.57 £ 0.48 mm; TL-MCC950 28.89 + 0.90mm; per 10 seconds).

MPTP treatment reduced swimming behavior in both TL and Panx1a-KO larvae (TL =
14.29 £ 0.74mm; Panx1a-KO = 8.84 + 0.70mm). INF-39, in combination with MPTP, caused a
significant rescue (18.57 + 0.49mm) of the MPTP-induced phenotype in TL larvae (Figure 23c).
The average distance significantly increased when INF-39 was combined with MPTP. In
Panxla-KO larvae, the INF-39 treatment combined with MPTP did not cause any significant

improvement.

Combination treatments with MPTP and CY-09, MCC950, or dexamethasone did not
significantly improve swimming behavior (Figure 23b,d-f,h,i). These drugs either worsened the
behavioral phenotype or had no significant effect compared to larvae treated only with MPTP.
Some drugs, like dexamethasone (Panxla-KO = 10.34 £ 0.48mm), MCC950 (TL = 15.84 +
0.69mm) and CY-09 (9.52 £ 0.34mm) increased the distance travelled, but the effect was not

statistically significantly.
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Figure 23. The effect of inflammasome inhibitors on the swimming behavior of MPTP
treated larvae.

a) Overview of the activation of the NLRP3 inflammasome. The NLRP3 inflammasome
formation leads to caspase activation. Caspase activation leads to the secretion of pro-
inflammatory cytokines such as IL-1p. IL-1p binds receptors on the cell surface, which leads to
cell death. INF-39, CY-09, and MCC950 inhibit the formation of the NLRP3 inflammasome.
Dexamethasone inhibits the MAPK and NF-kB pathways which play a role in NLRP3 complex
formation and IL-1p signaling.

b-i) Zebrafish larvae were incubated with MPTP and inflammasome inhibitors (Dexamethasone,
INF-39, CY-09, and MCC950) for four hours prior to testing. During this period, larvae were
placed in a 48-well plate and incubated at 28°C in the water-heated chamber of the Zebrabox.
Larvae were exposed to the “light ramp” assay, where they were exposed to a 0% light stimulus
(Light-OFF) condition for 20 minutes. Afterward, the light was ramped up by 10% (400 lux)
every 10 minutes up to a maximum of 40% (1600 lux). The total distance traveled by each larva
was video recorded and quantified in millimeters (mm) with the help of the Fast Data Monitor
software (ViewPoint). TL larvae are at the top in blue and Panx1a-KO larvae are at the bottom in
green. The distance traveled was determined between 2100-2300 seconds. In this period, larvae
are exposed to a light intensity of 800 lux before swimming behavior starts to plateau at 1200
lux. Significance was calculated using a Welch’s t-test, estimation analysis (95% ClI), and
visualized by estimation plots. Ns stands for no significant differences. The number of larvae
tested for each genotype and drug treatment were: MPTP (n=20), dexamethasone (n=16), INF-39
(n=20), CY-09 (n=20) and MCC950 (n=16). Untreated controls (n=20).

5.3.2 Compounds with anti-inflammatory activity did not improve the MPTP-induced

phenotype

Compounds with anti-inflammatory activity were tested using the light ramp assay in
combination with the MPTP model (Figure 24). After MPTP treatment, the larvae were treated
with metformin, caffeine, and adenosine to determine whether anti-inflammatory drugs could
improve the behavioral phenotype. Metformin has been shown to exhibit anti-inflammatory
actions in addition to the known antihyperglycemic effects (Nasri & Rafieian-Kopaei, 2014).
Caffeine and adenosine have been reported to diminish inflammation. In the experimental

paradigm, all drugs did not improve the MPTP-induced swimming behavior in both TL or
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Panxla-KO larvae. Caffeine (9.84 £ 0.23mm) was the only compound that increased the
behavioral phenotype, but the effect was not statistically significant in Panx1a-KO larvae

(Statistical information see Supplementary Tables S25, 26 and 31 in the Appendix).
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Figure 24. The effect of general inflammation inhibitors on the MPTP-induced phenotype.
Zebrafish larvae were incubated with MPTP and inflammation inhibitors (Adenosine, caffeine,
and metformin) for four hours prior to testing. The larvae were placed in 48-well plates and
inserted into the water-heated chamber of the Zebrabox. Larvae were exposed to a light ramp
assay where they were exposed to a 0% light stimulus (Light-OFF) condition for 20 minutes.
Afterward, the light was ramped up by 10% for every 10 minutes up to a maximum of 40%. The
total distance traveled by the larvae was quantified in millimeters (mm) with the help of Fast
Data Monitor (ViewPoint). TL larvae are at the top in blue and Panx1a-KO larvae are at the
bottom in green. The distance traveled was determined between 2100-2300 seconds. In this
period, larvae are exposed to a light intensity of 800 lux, which is favorable for swimming
behavior. Significance was calculated using a Welch’s t-test and visualized with estimation plots.
Ns stands for no significant differences. N=20 for all treatment conditions.
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6. Discussion

A role of Panx1 channels in Parkinson's disease has been proposed, but the evidence is
limited to very few reports. To address this knowledge gap, molecular, electrophysiological, and
behavioral changes of wild-type TL and Panx1a-KO zebrafish larvae were tested after acute
treatment with MPTP. A transcriptome analysis validated a broad regulation of metabolic
processes, including those affecting mitochondrial health or causing inflammation. Using a two-
electrode protocol, the simultaneous recording of local field potentials in separate brain regions
showed that acute MPTP treatment caused dissonance in the visual ascending pathway. Finally,
we found evidence that Panxla is not a risk factor for the early stages of Parkinson's disease.
Therefore, the evidence presented in this thesis disproved our initial hypothesis. Instead, the loss

of function of this ATP-release channel enhances the severity of the MPTP induced phenotype.

6.1 MPTP treatment induces metabolic stress and causes inflammation in the acute MPTP
model of Parkinson’s

Panx1 expression and action have been closely tied to ATP release. MPTP treatment
selectively affects ATP production in animal models by binding Complex | of the ETC (Aras et
al., 2014; Richardson et al., 2007). The typical experimental models use MPTP for chronic
administration, from 24 hours to several months (Bashirzade, Cheresiz, Belova, Drobkov,
Korotaeva, Azizi-Arani, et al., 2022; Mufioz-Manchado et al., 2016). Acute models of MPTP
exposure for four hours have been used in cell culture and a mouse model (Di et al., 2019;
Nyitrai et al., 1997). However, to our knowledge, acute MPTP models in zebrafish have not been
reported. Therefore, showing that the acute treatment with MPTP affected larvae causing a PD-

like phenotype was a critical proof of principle requirement.
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We demonstrate that treatment with MPTP for four hours caused significant changes on a
molecular level. MPTP treatment caused the expected effects of metabolic stress in the RNA-seq
data due to its inhibition of the ETC. Furthermore, the expression of genes regulated in PD
pathways were significantly regulated in both TL and Panx1a-KO larvae after acute MPTP
treatment. The ATP assay also highlighted the effect of MPTP as ATP levels in the extracellular
space were significantly reduced in TL larvae. This reduction was similar to the reduction caused
by loss of Panx1a channel function alone, as well as the reduction found in an epilepsy model
(Whyte-Fagundes et al., 2022). This suggests that a lower limit for extracellular ATP
concentration exists, which can be induced by affecting ATP production through MPTP
treatment or ATP release by blocking Panx1. Since this limit was within the detection range of
our ATP assay, we concluded that this result was not due to technical constraints.

In addition to metabolic stress, the MPTP treatment also modulated inflammatory
pathways. The STRING analysis highlighted the regulation of the MAPK, NF-kB, and cell death
pathways. MPTP treatment also caused significant up-regulation of inflammasome genes tested
by RT-gPCR. The regulated genes represented modulators of the inflammasome. The activation
of the NLRP3 inflammasome is highly regulated by both MAPK and NF-kB pathways
(Bauernfeind et al., 2009; Boaru et al., 2015; D. Li et al., 2018). The NLRP3 inflammasome is
activated by external triggers such as mitochondrial dysfunction and reactive oxygen species
(Kelley et al., 2019). Regulation of the NLRP3 inflammasome has also been linked to PD as it
was up-regulated in PD patients (Anderson et al., 2021).

Among the downregulated genes found by RT-gPCR was GSDME. This gene is a
member of the gasdermin protein family, which mediates programmed cell death, including

apoptosis and pyroptosis (Wang et al., 2021). GSDME mediated pyroptosis contributes to tissue
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damage and pathological inflammations. Therefore, inhibiting GSDME mediated pyroptosis is
discussed as a potential target for ameliorating inflammatory conditions (Liao et al., 2022; G.
Luo et al., 2022). Here, GSDME was down-regulated in the RT-qPCR data of TL larvae. In
conditions with low GSDME expression, only cytokine release happens. High GSDME levels
lead to cell death and cytokine release (Zhou & Abbott, 2021). Therefore, the observed down-
regulation of GSDME might represent a neuroprotective mechanism protecting neurons from
cell death in TL, but not Panx1a-KO larvae.

When looking past the molecular level, the larvae also showed an altered behavioral
phenotype when acute MPTP treatment caused a significant decrease in the distance traveled by
zebrafish larvae. A similarly reduced locomotion phenotype has also been reported in chronic
MPTP models (Abolarin et al., 2022; Kalyn & Ekker, 2021). Together results of the study
provide evidence for the validity of the acute MPTP protocol to investigate neuroinflammation

and early stages of PD in zebrafish larvae.

6.2 MPTP treatment causes dissonance in the visual ascending pathway

Previous PD work showed that a prominence map in the intermediate layer of the
superior colliculus couples action and perception through modulation of attention (Pretegiani et
al., 2019). A failure of this network increases abnormal basal ganglia output and can cause visual
and visual-motor deficits observed in PD. PD also has effects on the amygdala and hippocampus;
PD patients show reduced amygdala volume and increased anxiety and hippocampal
dysfunctions (Camicioli et al., 2003; Diederich et al., 2020; Dissanayaka et al., 2014; Tanner et

al., 2017).
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LFP recordings have been used to shed light on the pathophysiology of movement
disorders and they may lead to the discovery or refinement of treatments (Thompson et al.,
2014). Here, the gamma-band was selected for analysis as it is the fastest frequency below
100Hz and produces a distinct peak in the zebrafish larva during single-electrode LFP recordings
(Safarian et al., 2020). Gamma waves represent the firing of different nerve cells to execute
cognitive or motor actions (Satapathy et al., 2019). Disorders such as Parkinson’s, Alzheimer’s,
and epilepsy have modulations in the gamma-band (Hughes, 2008; van Deursen et al., 2008).
Usually, a decrease in gamma-band power, as well as coherence, have been affected in PD
patients (Cao & Hu, 2016; Muthuraman et al., 2020).

This study showed a decrease in average gamma-band power in TL and Panxla-KO
larvae which is typical in PD patients. The only region that had an increase in average gamma
band power, as well as an increase in peak frequency, was the OT of TL larvae. This increase
may reflect that dopaminergic neurons, the cell type most responsive to MPTP, are present in the
DM and DL regions but not the OT (Du et al., 2016). Therefore, the MPTP treatment may not
affect the OT as much as in the other two regions. Other research also suggests that increasing
gamma-band oscillations may act as compensatory mechanisms, improving the PD symptoms
such as bradykinesia and restoring plasticity in the motor cortex (Guerra et al., 2020;
Muralidharan et al., 2017; Muthuraman et al., 2020). In humans, this is achieved using external
manipulation through deep brain stimulation, which has been shown to be very effective in
improving motor function (Krack et al., 2003; Limousin et al., 1998).

The beta-band has also been ascribed an important role in PD as it is modulated in human
patients (Bronte-Stewart et al., 2009; Little & Brown, 2014; Timmermann & Florin, 2012).

Upregulation of the beta-band in PD has been linked to bradykinesia and rigidity. The degree of
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beta-band suppression has been correlated with improvements in motor symptoms of PD patients
(Tinkhauser et al., 2017).

Aside from the well-studied effect of PD on motor systems, there is a paucity of data
investigating the cognitive deficits seen in PD patients. In healthy study participants, beta power
decreases when episodic memory is formed (MacDonald et al., 2019). This episodic memory
formation is inhibited in PD patients, which correlated with increases in beta power. In this
study, zebrafish larvae had increased beta-band activity after MPTP treatment in both the DM
and DL of TL and all three regions of Panxla-KO.

In the zebrafish, the anterior DL region is considered a hippocampus-like anatomical
structure of the pallium, the fish’s forebrain, because this region displays high spontaneous
neural activity embedded with fast ripple oscillations (above 100Hz) in the adult (Vargas et al.,
2012). Zebrafish display episodic-like memory as they remember what object they saw, where
they saw it, and on which occasion it was presented (Hamilton et al., 2016). In humans, episodic
memory is associated with the hippocampus and large-scale networks, a property that is
diminished in PD patients.

The DM region is located in the dorsomedial portion of the zebrafish pallium and
considered as the homolog of the basolateral/lateral mammalian amygdala (Maximino et al.,
2013). The structure is relevant for processing fear-related stimuli in the fish (Assad et al., 2020;
Lal & Kawakami, 2022; von Trotha et al., 2014). Anxiety is frequent in PD patients and has a
negative impact on disease symptoms and quality of life. The underlying mechanisms remain
largely unknown, but evidence for alterations to the volume, shape, and texture of the amygdala,
the cortical thickness as well as the functional connectivity (FC) of the fear circuit in PD patients

with and without clinically relevant anxiety has been noted (Carey et al., 2021). Based on the
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data presented here and the known roles of DM and DL, we propose to test in the future the
hypothesis that an increase in beta-band power during memory encoding would be diminished in
the acute MPTP model and that this would interfere with episodic memory formation and anxiety
in the fish.

Consistently, we found that the OT region of TL had an opposite effect after MPTP
treatment compared to the two other brain regions, where there was a decrease in average beta-
band activity. In both the gamma- and beta-band, the presence of Panxl1a in wild-type larvae
appeared to make a difference in how the OT reacted to the metabolic stress induced by MPTP.
We can only speculate about the underlying mechanisms. It is well documented that the optic
tectum of larval zebrafish plays essential roles in processes by which tectal circuits receive and
process retina-derived visual information (Heap et al., 2018; Suzuki et al., 2019). It is also worth
noting that different from the DL and DM regions, both visual-motor and visual-sensory
processes converge at the OT. The complex connections of the OT with deeper brain structures
such as the thalamus and hypothalamus, as well as distinct molecular and cellular compositions
of each region most likely contribute to the distinct responses seen in the OT after MPTP
treatment.

Coherence between different brain regions is also affected in PD. PD patients have
increased beta-band synchronization compared to healthy controls (Ahn et al., 2019; George et
al., 2013; Schwerdt et al., 2022). Dopaminergic activity, which is lost in PD patients, usually
limits uncontrolled beta-band synchronization (Mallet et al., 2008). MPTP treatment selectively
initiates processes that destroy dopaminergic neurons. This effect was prominent in TL larvae

which showed a decrease in the coherence of the beta-band between the DM/OT and an increase
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between DL/OT. In Panxl1a-KO, both the DM/OT and DL/OT had increased beta-band
synchronization after MPTP treatment.

TL, which express Panx1a, performed better and had increased gamma- and decreased
beta-band activity in the OT as well as a decreased beta-band coherence between the DM and OT
regions. The characterization of the visual-sensory system should be followed up in the future
using a similar approach to investigate the coherence between OT and the visuomotor system. It
will be interesting to introduce more complex stimuli, such as moving gratings or prey/predator

stimuli to evoke robust electrophysiological responses and locomotion.

6.3 Panxla is not a risk factor for the early stages of Parkinson’s disease

Pannexinl has been ascribed roles in inflammation, PD, and other neurodegenerative
disorders (Crespo et al., 2017; Frederiksen et al., 2019; Ortiz & Puebla, 2020). The role of Panx1
in PD appears to be due to the channels' involvement in inflammatory processes, most likely by
sending “find-me” signals when ATP is released where neurons undergo apoptosis or forms of
lytic cell death such as “pyroptosis" (Chekeni et al., 2010; Chen et al., 2020).

It has been recently demonstrated that mouse Panx1 and zebrafish Panxl1a are risk factors
for the severity of epileptic seizures (Aquilino et al., 2020; Whyte-Fagundes et al., 2022). The
loss of Panx1, Panx1a, or the pharmacological inhibition of Panx1 channels in mice and fish with
probenecid reduced seizure activities. Due to the detrimental role of Panxl1a in epilepsy and other
diseases, Panxla was considered a risk factor for PD (Frederiksen et al., 2019). However, in this
research, the opposite was found; Panx1a-KO larvae performed worse than wild-type TL in all
categories tested, from molecular to systems, to behavior. This difference may be due to

Panxla's role in inflammation. Panx1 promotes the activation of inflammatory processes, such as
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the activation of the NLRP3 inflammasome (Chen et al., 2020). The NLRP3 inflammasome has
been identified as a player in the pathogenesis of PD and a potential target for treatment (Haque
et al., 2020; Holbrook et al., 2021; Yan et al., 2020). In this thesis, the NLRP3 inflammasome
was inhibited with several drugs to rescue the MPTP-induced phenotype. INF39, a selective
NLRP3 inflammasome inhibitor, was able to rescue the MPTP-induced behavioral phenotype in
TL larvae, but not Panx1a-KO (Shi et al., 2021). This difference may be due to the presence of
Panx1a channels and the selective inhibition of the NLRP3 inflammasome protecting the TL
larvae that INF39 alone cannot do.

The lack of rescue of the MPTP-induced phenotype by the other inflammasome blockers
iIs interesting. MCC950 has been reported to alleviate canonical and non-canonical NLRP3
inflammasome activation of the inflammatory response in vitro and improves functional
recovery in the acute mouse model of spinal cord injury (Jiao et al., 2020). Another research
group determined that CY-09 is an effective and direct inhibitor of NLRP3, which showed
significant inhibition of NLRP3 inflammasome in vivo in mice models and ex vivo in human
cells (Jiang et al., 2017). Why do these blockers not show any rescue effect despite the
effectiveness of these drugs on the NLRP3 inflammasome? Since the blockers target different
domains of the NLRP3 inflammasome, it is possible that the drug efficacy of some blockers is

affected by the molecular interaction of Panxla with the inflammasome.

6.4 Points of consideration and limitations of this study
This thesis shows that the presence of Panxla was beneficial in early stages of an MPTP
induced PD-like phenotype. The opposite happens in zebrafish and mouse models of epileptic

seizures where loss of Panx1 reduced seizures (Penuela et al., 2014; Whyte-Fagundes et al.,
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2022). It is noteworthy that in humans, PD patients rarely have epilepsy, whereas epilepsy
patients rarely have PD (Feddersen et al., 2014; Son et al., 2016). Future studies will have to
address the molecular and cellular mechanisms which cause the opposite effects. The question is
timely since Panx1 is considered a viable drug target, with some Panx1 blockers approved for
clinical trials (https://www.clinicaltrials.gov), or promoted by PANNEX Therapeutics
(https://pannextherapeutics.com/) as the target for the development of life-saving pain therapies
(Crocetti et al., 2021; Dahl & Keane, 2012; Navis et al., 2020). The evidence provided in this
thesis suggests that drug discovery targeting Panx1 should be re-evaluated and approached with
caution.

Some limitations of the present study need to be acknowledged. No evidence was
collected on whether dopaminergic neurons die within four hours of MPTP incubation in
zebrafish larvae, which needs to be investigated. To address this question. | have generated
transgenic fish lines expressing AnnexinV for in-vivo cell-death studies in zebrafish larvae using
previously reported protocols (van Ham et al., 2010).

Although we are excited about the LFP analysis, the method has its limitations. LFPs
reflect the highly dynamic flow of information across neural networks, but as a composite signal
that receives contributions from multiple neural sources its significance is limited by several
confounding factors and technical limitations (Oscar Herreras, 2016). One technical limitation is
that electrodes were placed to the best of our abilities using a vision-guided approach.
Nevertheless, electrode placement is inherently coarse, affecting the reproducibility from larva to
larva. To tackle this problem, I have generated transgenic zebrafish lines which express the
green-fluorescent calcium-sensor GCaMP6f (Chen et al., 2013). These lines will allow targeting

regions of interest or individual cells with greater precision, or the readout of neuronal activity
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through calcium-induced fluorescence changes. However, due to the pandemic shutdowns and
refurbishment of the animal facility, the studies' use of the transgenic lines is delayed, and
preliminary data was not included.

The transcriptome analysis of whole larva is most likely obscuring important molecular
changes which occur only in a small number of cells. Unfortunately, the dissection of brains
from 6dpf larvae is not practical and single cell RNA sequencing technology is unavailable. In
addition, the transcriptome analysis highlighted that the acute treatment with MPTP activated
differential expression of genes associated with other diseases such as Alzheimer’s disease,
Huntington’s disease, and amyotrophic lateral sclerosis. How these different brain disorders
intersect with Panx1 functions must be investigated in the future.

A final limitation of the study was that there was not sufficient time to test INF39, the
selective NLRP3 inflammasome inhibitor, which was able to rescue the MPTP-induced
behavioral phenotype in TL larvae, but not Panx1a-KO, in more detail at molecular and systems

levels.

6.4 Summary and Conclusion

The technical innovations of this thesis are the proof of concept of an acute MPTP model
using zebrafish larvae and the implementation of a two-electrode local field potential setup and
analysis strategy to study outcomes at systems level. The innovations were the foundation to
study the roles of Panxl1a channels using an interdisciplinary molecular, systems, and behavioral
approach in zebrafish larvae.

The strategy chosen in this thesis led to results which were opposite to the initial

hypothesis that loss of Panx1a would alleviate the PD phenotype. Instead, the presence of
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Panx1a reduced the expression of a key inflammation biomarker, caused a better outcome in LFP
recordings, and improved the behavioral phenotype in the acute MPTP model. It was concluded
that Panxl1a channels help to maintain homeostasis in the zebrafish under conditions of metabolic
stress induced by MPTP. The loss of function of Panx1a contributes to the severity of outcomes
in the MPTP model of inflammation and early Parkinson's disease. The role of Panxl1a in
inflammation found here opens avenues to explore whether inflammation is a shared mechanism
with other neurodegenerative disease models like Alzheimer’s disease and Amyotrophic lateral

sclerosis.
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8. Supplementary Information

8.1 RNA-seq Inflammasome
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Supplementary Table S1. The log2FC values of inflammasome genes from the DESeq?2 analysis. The

RNA-seq data was sorted for protein coding mRNAs with a padj (<0.01).

Gene TL vs TLvsTL Panxla-KO vs TL MPTP vs Panxla-
Panxla-KO MPTP Panxla-KO MPTP KO MPTP

hsp90aal.2 0 0.827287 1.510336 0
ikbkg 0 3.467043 2.374303 0
map3Kk7 0 6.132984 0 0
mapkl4a 0 0.677304 0.78068 0
mapk3 0 0.519115 0 0
nlrx1 0 0.570114 0.652361 0
ptgs2b 0 1.421092 0 0
tab2 0 7.112244 7.414056 0
txnipa 0 1.0465 1.76458 0
birc2 0 -0.6918 -0.69987 0
caspb 0 -5.25794 -9.80945 -4.68048
ctsba -0.92574 -10.4984 0.739767 0
fadd 0 -0.74596 0 0
hsp90abl -4.75574 -4.42194 6.505541 2.968968
ifihl 0 -2.24154 -1.92889 0
illb 0 -3.08633 -2.8692 0
irflb 0 -1.73109 -1.72907 0
irf2 0 -2.15515 0.940664 0
mapk8a 0 -0.96174 0 0
mavs 0 -3.19989 -3.8686 3.70979
nfkbl 0 -0.47537 0 -0.5168
nfkbib 0 -0.62809 -0.59611 0
rela 0 -0.27843 0 0
tbkl 0 -0.56389 0 0
traf2a 0 -5.40836 0 0
ccl27a 0 0 5.209253 0
chuk 0 0 0.40401 0
cxcl19 0 0 2.389303 0
ifngrl 0 0 0.560527 0
irakl 0 0 0.719953 0
irfs 0 0 1.061991 0
mapkl12a 0 0 0.912133 1.160048
mapk3 0 0 0.703294 0
nlrb5 -4.9207 0 5.937486 0
p2rx7 -1.1265 0 1.121332 0
panxla -2.7253 0 2.345613 0
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Supplementary Table S2. Comparison between control TL and MPTP-treated TL larvae (50uM MPTP).
Expression levels and statistical tests were performed using the REST 2009 software. P(H1) is the
probability of the alternate hypothesis that the difference between sample and control groups is due only
to chance. 95% C.1. is the confidence interval. Results shows whether the gene tested was significantly

up- or down-regulated. Significance was determined as P-value (<0.05).

Gene Expression Std. Error 95% C.I. P(H1) Results
caspa 3 0.832 0.277 - 2.466 0.197 - 3.490 0.549
capsa 7 0.795 0.302 - 2.229 0.187 - 3.910 0.446
caspa 9 1.038 0.421 - 2.897 0.251 - 3.945 0.868
caspa 1 1.256 0.462 - 3.382 0.332 - 5.057 0.434
ATP5pf 0.465 0.035 - 2.839 0.018 - 4.823 0.221
COX4il 1.329 0.682 - 2.710 0.473-4.724 0.235
NdufalO 0.886 0.447 - 2.137 0.379 - 3.387 0.596
Uqgcrq 1.982 1.399 - 2.748 1.042 - 3.945 0 UP
CFTR 3.158 1.383 - 7.531 0.865 - 10.339 0 UP
EEF2K 1.277 0.553 - 2.811 0.358 - 3.655 0.304
PCK1 2.567 0.654 - 10.874 0.233 - 21.857 0.059
PFKFB3 2.101 1.062 - 4.254 0.768 - 6.320 0.004 UP
IL-1B 1.644 0.428 - 13.011 0.235 - 19.306 0.334
panlL-16 1.003 0.585 - 1.614 0.384 - 2.102 0.984
NLRP3 1.051 0.483 - 2.445 0.287 - 6.453 0.873
Pycard 1.221 0.612 - 2,572 0.363 - 4.377 0.407
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Gasdermin E 0.598 0.289 - 1.127 0.153-1.729 0.043 DOWN

Supplementary Table S3. Comparison between control Panxla-KO and MPTP-treated Panx1a-KO
larvae (50uM MPTP). Expression levels and statistical tests were performed using the REST 2009
software. P(H1) is the probability of the alternate hypothesis that the difference between sample and
control groups is due only to chance. 95% C.1. is the confidence interval. Results shows whether the gene
tested was significantly up- or down-regulated. Significance was determined as P-value (<0.05).

Gene Ex_press Std. Error 95% C.I. P(H1) Results
ion
caspa 3 0.673 0.280 - 1.694 0.111 - 3.665 0.245
capsa 7 0.595 0.238 - 1.385 0.148 - 2.745 0.096
caspa 9 1.11 0.478 - 3.170 0.230 - 4.332 0.72
caspa 1 1.382 0.561 - 3.689 0.282 - 6.385 0.29
ATP5pf 1.486 1.004 - 2.201 0.763 - 3.434 0.01 UP
COX4il 1.291 0.680 - 2.233 0.418 - 3.182 0.193
Ndufal0 1.225 0.670 - 2.339 0.412 - 4.170 0.34
Uqcrq 1.411 0.860 - 2.212 0.532 - 3.010 0.046 UP
CFTR 5.794 3.856 - 8.815 3.294 - 11.551 0 UP
EEF2K 1.38 0.912 - 2.046 0.683 - 2.657 0.026 UP
PCK1 2.705 1.258 - 5.524 1.050 - 8.168 0.001 UP
PFKFB3 1.789 1.071-3.233 0.758 - 4.287 0.006 UP
IL-1B 0.847 0.473 - 1.322 0.236 - 2.085 0.414
panlL-16 1.489 0.972 - 2.301 0.642 - 3.420 0.024 UP
NLRP3 0.574 0.309 - 0.960 0.204 - 1.729 0.019 DOWN
Pycard 0.661 0.360 - 1.130 0.243 - 1.853 0.051
Gasdermin E 0.818 0.457 - 1.485 0.287 - 2.173 0.328
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8.3 ATP Assay Statistical Information

Supplementary Table S4. Extracellular ATP concentration values after four hours of MPTP treatment.
TL and Panxla-KO Danio rerio larvae at 6dpf ATP concentrations were compared before and after
MPTP treatment. Statistical significance was calculated using GraphPad Prism. A Welch’s t-test was
applied. Significance was determined as P-value (<0.05).

Treatment P value P value Welch- ATP ATP
summary  corrected Concentration Concentration
t, df Control (nm/pg)  MPTP (nm/pg)
Control TL vs 0.0229 * t=6.459, 2.709 0.9587
MPTP (10pM) df=2.008
TL
Control 0.8566 ns t=0.1980, 1.018 0.946
Panxla-KO vs df=2.783
MPTP (10pM)
Panxla-KO

8.4 LFP Statistical Information
8.4.1 LFP: Beta Peak Frequency

Supplementary Table S5. The comparison of beta band peak frequency before and after probenecid
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with probenecid for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The beta band peak frequency was compared before and after treatment using a Paired t-
test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees of Mean of Mean of
Treatment value freedom (df) Control Treatment
TL DM Dark  0.7305 No t=0.3781, df=3 0.03372 0.03857
TL DM Light 0.3667 No t=1.061, df=3 0.03814 0.06128
TL DL Dark  0.2642 No t=1.370, df=3 0.08904 0.01893
TL DL Light 0.4399 No t=0.8882, df=3 0.09177 0.0429
TL OT Dark  0.2646 No t=1.213, df=7 0.05221 0.03897
TL OT Light 0.6926 No t=0.4120, df=7 0.05703 0.05081
Panxla-KO 0.896 No t=0.1420, df=3 0.04217 0.04579
DM Dark
Panxla-KO  0.6357 No t=0.5253, df=3 0.03677 0.0445
DM Light
Panxla-KO 0.617 No t=0.5863, df=2 0.03417 0.04377

DL Dark
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Panxla-KO  0.3207 No t=1.309, df=2 0.02959 0.03635
DL Light
Panxla-KO  0.5219 No t=0.7011, df=4 0.03544 0.03048
OT Dark
Panxla-KO  0.6034 No t=0.5632, df=4 0.03044 0.03596
OT Light

Supplementary Table S6. The comparison of beta band peak frequency before and after bicuculline
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with bicuculline for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The beta band peak frequency was compared before and after treatment using a Paired t-
test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees of Mean of Mean of
Treatment value freedom (df) Control Treatment
TL DM Dark  0.6349 No t=0.5132, df=4 0.03739 0.0319
TL DM Light 0.6478 No t=0.4931, df=4 0.04608 0.03809
TL DL Dark  0.5735 No t=0.6299, df=3 0.06545 0.05826
TL DL Light  0.609 No t=0.5693, df=3 0.07608 0.08946
TL OT Dark  0.535 No t=0.6482, df=8 0.04467 0.05204
TL OT Light  0.2913 No t=1.130, df=8 0.05248 0.08013
Panxla-KO  0.1345 No t=2.037, df=3 0.0497 0.03006
DM Dark
Panxla-KO  0.2893 No t=1.284, df=3 0.05178 0.02944
DM Light
Panxla-KO  0.0101 * t=9.888, df=2 0.07894 0.04407
DL Dark
Panxla-KO  0.0134 * t=8.551, df=2 0.08532 0.04549
DL Light
Panxla-KO  0.0485 * t=2.385, df=7 0.0626 0.03993
OT Dark
Panxla-KO  0.0082 *k t=3.651, df=7 0.0614 0.03228
OT Light

Supplementary Table S7. The comparison of beta band peak frequency before and after MK-801
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with MK-801 for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The beta band peak frequency was compared before and after treatment using a Paired t-
test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees of Mean of Mean of
Treatment value freedom (df) Control Treatment
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TL DM Dark
TL DM Light
TL DL Dark
TL DL Light
TL OT Dark
TL OT Light

Panxla-KO
DM Dark
Panxla-KO
DM Light
Panxla-KO
DL Dark
Panxla-KO
DL Light
Panxla-KO
OT Dark
Panxla-KO
OT Light

0.7741

0.0477

0.1163

0.0668

0.2804

0.7347

0.403

0.113

0.9624

0.1436

0.0239

0.0221

No

No

No

No

No

No

No

No

No

t=0.3140, df=3
t=3.245, df=3
t=2.670, df=2
t=3.673, df=2
t=1.186, df=6
t=0.3550, df=6
t=0.9345, df=4
t=2.024, df=4
t=0.05318, df=2
t=2.346, df=2
t=3.202, df=5

t=3.273, df=5

0.03387

0.04082

0.04362

0.05128

0.04222

0.03511

0.03806

0.04774

0.02792

0.03487

0.04288

0.04534

0.02952

0.02432

0.0292

0.02754

0.03118

0.03362

0.03078

0.02926

0.0275

0.0219

0.0308

0.02957

Supplementary Table S8. The comparison of beta band peak frequency before and after MPTP
treatment. The TL and Panx1a-KO were incubated with MPTP for four hours in the dark. After
incubation the larvae’s brain activity was recorded in the light and the dark. NeuroExplorer was used to
calculate the power spectral density. The beta band peak frequency was compared before and after
treatment using a Welch’s t-test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees of Mean of Mean of
Treatment value freedom (df) Control Treatment
TL DM Dark  0.7798 No t=0.2924, df=6.000 0.03372 0.03039
TL DM Light 0.0942 No t=1.987, df=5.985 0.04905 0.03441
TL DL Dark  0.441 No t=0.8837, df=3.046 0.08904 0.0433
TL DL Light 0.3022 No t=1.234, df=3.113 0.09177 0.0355
TL OT Dark  0.1322 No t=1.614, df=12.14 0.05221 0.04041
TL OT Light 0.6158 No t=0.5133, df=13.95 0.05703 0.04941
Panxla-KO  0.7173 No t=0.3828, df=5.084 0.04217 0.03648
DM Dark
Panxla-KO 0.821 No t=0.2364, df=5.998 0.03677 0.03918
DM Light
Panxla-KO 0.107 No t=2.115, df=3.722 0.03417 0.08315
DL Dark
Panxla-KO  0.1411 No t=1.934, df=3.264 0.02959 0.05644

DL Light
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Panxla-KO 0.0392 & t=2.514, df=7.227 0.03677 0.08414
OT Dark
Panxla-KO 0.0414 * t=2.304, df=11.16 0.03224 0.05953
OT Light

8.4.2 LFP: Gamma Peak Frequency

Supplementary Table S9. The comparison of gamma band peak frequency before and after probenecid
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with probenecid for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The gamma band peak frequency was compared before and after treatment using a
Paired t-test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees Mean of Mean of
Treatment value of freedom (df) Control Treatment
TL DM Dark  0.3636 No t=1.069, df=3 2.195 3.736
TL DM Light  0.0504 No t=3.173, df=3 2.85 4.241
TL DL Dark  0.1691 No t=1.803, df=3 1.39 1.687
TL DL Light  0.9065 No t=0.1276, df=3 1.792 1.505
TL OT Dark  0.3029 No t=1.112, df=7 1.911 3.054
TL OT Light  0.3586 No t=0.9825, df=7 2.199 3.482
Panxla-KO 0.3562 No t=1.088, df=3 0.91 0.3548
DM Dark
Panxla-KO 0.2746 No t=1.334, df=3 0.9811 0.2394
DM Light
Panxla-KO 0.4197 No t=1.008, df=2 0.414 1.175
DL Dark
Panxla-KO 0.4654 No t=0.8946, df=2 1.268 1.412
DL Light
Panxla-KO 0.0635 No t=2.547, df=4 3.128 0.9536
OT Dark
Panxla-KO 0.8235 No t=0.2382, df=4 2.384 2.272
OT Light

Supplementary Table S10. The comparison of gamma band peak frequency before and after bicuculline
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
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dark, the larvae were treated with bicuculline for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The gamma band peak frequency was compared before and after treatment using a
Paired t-test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees Mean of Mean of
Treatment value of freedom (df) Control Treatment
TL DM Dark  0.0966 No t=2.163, df=4 1.124 2.311
TL DM Light 0.5893 No t=0.5861, df=4 2.008 1.464
TL DL Dark  0.1806 No t=1.738, df=3 1.917 1.032
TL DL Light 0.385 No t=1.015, df=3 1.68 1.228
TL OT Dark  0.2176 No t=1.338, df=8 1.551 1.248
TL OT Light  0.6399 No t=0.4861, df=8 1.418 1.227
Panxla-KO  0.1216 No t=2.142, df=3 0.8535 4.024
DM Dark
Panxla-KO  0.0726 No t=2.719, df=3 1.414 5.006
DM Light
Panxla-KO  0.2516 No t=1.596, df=2 0.2943 0.0384
DL Dark
Panxla-KO  0.2608 No t=1.552, df=2 0.05855 0.02289
DL Light
Panxla-KO  0.7787 No t=0.2920, df=7 1.586 1.833
OT Dark
Panxla-KO  0.0452 * t=2.433, df=7 0.7489 2.097
OT Light

Supplementary Table S11. The comparison of gamma band peak frequency before and after MK-801
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with MK-801 for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The gamma band peak frequency was compared before and after treatment using a
Paired t-test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees Mean of Mean of
Treatment value of freedom (df) Control Treatment
TL DM Dark  0.1271 No t=2.096, df=3 0.2745 2.966

TL DM Light 0.1988 No t=1.644, df=3 0.5532 3.159
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TL DL Dark  0.1977 No t=1.901, df=2 1.238 1.07

TL DL Light  0.1374 No t=2.412, df=2 1.086 1.369

TL OT Dark  0.8267 No t=0.2387, df=3 2.468 2.083

TL OT Light  0.6528 No t=0.4978, df=3 2.845 2.417

Panxla-KO 0.6662 No t=0.4649, df=4 2.094 1.859
DM Dark

Panxla-KO 0.2043 No t=1.515, df=4 1.36 2.665
DM Light

Panxla-KO 0.3313 No t=1.272, df=2 1.656 0.4371
DL Dark

Panxla-KO 0.4327 No t=0.9742, df=2 1.594 0.4647
DL Light

Panxla-KO 0.2506 No t=1.299, df=5 1.641 2.509
OT Dark

Panxla-KO 0.0827 No t=2.164, df=5 1.191 2.885
OT Light

Supplementary Table S12. The comparison of gamma band peak frequency before and after MPTP
treatment. The TL and Panxla-KO were incubated with MPTP for four hours in the dark. After
incubation the larvae’s brain activity was recorded in the light and the dark. NeuroExplorer was used to
calculate the power spectral density. The gamma band peak frequency was compared before and after
treatment using a Welch’s t-test. Significance was determined as P-value (<0.05).

Genotype and P- Significant? T ratio and Degrees Mean of Mean of
Treatment value of freedom (df) Control Treatment
TL DM Dark 0.5951 No t=0.5658, df=5.194 2.195 1.198
TL DM Light 0.6332 No t=0.5026, df=5.975 2.85 1.77
TL DL Dark  0.4043 No t=0.9625, df=3.123 1.39 0.3136
TL DL Light 0.3974 No t=0.9731, df=3.242 1.792 0.3872
TL OT Dark  0.0475 * t=2.173, df=14.00 1911 4,725
TL OT Light 0.0815 No t=1.969, df=8.733 2.523 5.336
Panxla-KO  0.3912 No t=0.9961, df=3.064 0.91 0.2009
DM Dark
Panxla-KO  0.4096 No t=0.9486, df=3.158 0.9811 0.2764
DM Light
Panxla-KO  0.5736 No t=0.6252, df=3.201 0.414 0.8552
DL Dark
Panxla-KO  0.8088 No t=0.2628, df=3.179 1.268 0.9

DL Light
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Panxla-KO  0.2831 No t=1.157, df=7.431 3.128 1.539
OT Dark

Panxla-KO 0.787 No t=0.2796, df=7.880 2.384 1.95
OT Light

8.4.3 LFP: Beta Average Frequency

Supplementary Table S13. The comparison of average beta band power before and after probenecid
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with probenecid for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The beta band (12-30Hz) average frequency power was compared before and after
treatment using a Paired t-test. Significance was determined as P-value (<0.05).

Larva and P-value  Significant? T ratio and Degrees of Mean of Mean of
Treatment freedom (df) Control Treatment
TL DM Dark <0.0001  **** t=9.180, df=101 0.01118 0.01447
TL DM Light <0.0001  **x** t=8.877, df=101 0.01003 0.01274
TL DL Dark <0.0001  **** t=12.02, df=101 0.01525 0.00726
TL DL Light 0.0002 *** t=3.924, df=101 0.01748 0.01483
TL OT Dark <0.0001  **** t=22.08, df=101 0.01722 0.00992
TL OT Light <0.0001  **x** t=15.54, df=101 0.01791 0.01296
Panxla-KO DM <0.0001  **** t=5.200, df=101 0.01922 0.02077
Dark

Panxla-KO DM  <0.0001  **** t=17.74, df=101 0.01217 0.01795
Light

Panxla-KO DL  <0.0001  **** t=18.58, df=107 0.009643 0.01513
Dark

Panxla-KO DL  <0.0001  **** t=17.18, df=107 0.009016 0.01359
Light

Panxla-KO OT  <0.0001  **** t=8.362, df=107 0.01055 0.01227
Dark

Panxla-KO OT  <0.0001  **** t=14.57, df=107 0.009621 0.01258
Light

Supplementary Table S14. The comparison of average beta band power before and after bicuculline
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
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dark, the larvae were treated with bicuculline for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The beta band (12-30Hz) average frequency power was compared before and after
treatment using a Paired t-test. Significance was determined as P-value (<0.05).

Larva and P-value Significant? T ratio and Degrees of Mean of Mean of
Treatment freedom (df) Control Treatment
TL DM Dark <0.0001  **** t=13.12, df=107 0.01246 0.01061
TL DM Light 0.0077 ** t=2.718, df=107 0.0113 0.01215
TL DL Dark <0.0001  **** t=21.14, df=106 0.02596 0.01942
TL DL Light <0.0001  **** t=5.621, df=106 0.02897 0.02667
TL OT Dark <0.0001  **** t=9.746, df=107 0.01715 0.01567
TL OT Light 0.001 *** t=3.385, df=107 0.01886 0.02
Panxla-KO DM  <0.0001  **** t=21.37, df=107 0.02206 0.008986
Dark

Panxla-KO DM  <0.0001 **** t=14.89, df=107 0.0208 0.008901
Light

Panxla-KO DL  <0.0001  **** t=27.39, df=107 0.03219 0.01494
Dark

Panxla-KO DL  <0.0001  **** t=16.11, df=107 0.02598 0.01416
Light

Panxla-KO OT  <0.0001  **** t=28.55, df=107 0.02199 0.01357
Dark

Panxla-KO OT  <0.0001  **** t=17.89, df=107 0.02264 0.0111
Light

Supplementary Table S15. The comparison of average beta band power before and after MK-801
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with MK-801 for 30 minutes. After incubation with the drug the larvae’s
brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The beta band (12-30Hz) average frequency power was compared before and after
treatment using a Paired t-test. Significance was determined as P-value (<0.05).

Larva and P-value  Significant? T ratio and Degrees of  Mean of Mean of
Treatment freedom (df) Control Treatment
TL DM Dark <0.0001  **** t=17.39, df=101 0.01505 0.01194
TL DM Light <0.0001  **** t=21.42, df=101 0.01575 0.01088
TL DL Dark <0.0001  **** t=27.82, df=107 0.02094 0.01302
TL DL Light <0.0001  **** t=28.61, df=107 0.02324 0.01234
TL OT Dark <0.0001  **** t=12.86, df=107 0.01046 0.01234

TL OT Light <0.0001  **** t=9.490, df=107 0.009228 0.01081



Panxla-KO DM
Dark
Panxla-KO DM
Light
Panxla-KO DL
Dark
Panxla-KO DL
Light
Panxla-KO OT
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<0.0001
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<0.0001

<0.0001
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t=0.6427, df=107
t=11.18, df=107
t=18.79, df=107

t=14.17, df=107

0.01341
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0.01351
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0.01423

0.009592

0.009979

0.008641

0.008155

0.008503

Supplementary Table S16. The comparison of average beta band power before and after MPTP
treatment. The TL and Panx1a-KO were incubated with MPTP for four hours in the dark. After
incubation the larvae’s brain activity was recorded in the light and the dark. NeuroExplorer was used to
calculate the power spectral density. The beta band (12-30Hz) average frequency power was compared
before and after treatment using a Welch’s t-test. Significance was determined as P-value (<0.05).

Larva and P-value Significant? T ratio and Degrees of Mean of Mean of
Treatment freedom (df) Control Treatment
TL DM Dark <0.0001 **** t=4.940, df=198.7 0.01118 0.0145
TL DM Light <0.0001 **** t=6.978, df=201.8 0.01003 0.01452
TL DL Dark <0.0001 **** t=4.894, df=197.7 0.01525 0.02044
TL DL Light 0.1159 No t=1.580, df=181.4 0.01748 0.01581
TL OT Dark <0.0001 **** t=5.777, df=192.1 0.01722 0.01277
TL OT Light <0.0001 **** t=7.832, df=196.3 0.01791 0.01145
Panxla-KO DM 0.0665 No t=1.846, df=185.9 0.01922 0.01748
Dark

Panxla-KO DM <0.0001 **** t=5.802, df=193.8 0.01217 0.01713
Light

Panxla-KO DL <0.0001 **** t=15.71, df=144.6 0.009643 0.03367
Dark

Panxla-KO DL  <0.0001 **** t=10.45, df=147.2 0.009016 0.02165
Light

Panxla-KO OT  <0.0001 **** t=19.47, df=140.0 0.01055 0.03665
Dark

Panxla-KO OT  <0.0001 **** t=13.73, df=148.5 0.009621 0.02475

Light

8.4.4 LFP: Gamma Average Frequency

Supplementary Table S17. The comparison of average gamma band power before and after probenecid
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with probenecid for 30 minutes. After incubation with the drug the larvae’s



brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The gamma band (35-45Hz) average frequency power was compared before and after

treatment using a Paired t-test. Significance was determined as P-value (<0.05).

Larva and P-value Significant? T ratio and Degrees Mean of  Mean of
Treatment of freedom (df) Control  Treatment
TL DM Dark <0.0001 **** t=4.575, df=59 0.4858 0.7175
TL DM Light 0.0077 ** t=2.760, df=59 0.6737 0.7856
TL DL Dark 0.795 No t=0.2610, df=59 0.3135 0.3171
TL DL Light <0.0001 **** t=4.856, df=59 0.337 0.2727
TL OT Dark <0.0001 **** t=4.988, df=59 0.3611 0.5737
TL OT Light <0.0001 **** t=5.135, df=59 0.4183 0.6306
Panxla-KO DM <0.0001 **** t=5.274, df=59 0.1733 0.07283
Dark

Panxla-KO DM <0.0001 **** t=5.751, df=59 0.1776 0.05369
Light

Panxla-KO DL <0.0001 **** t=5.558, df=59 0.08333 0.2172
Dark

Panxla-KO DL 0.6815 No t=0.4124, df=59 0.2544 0.2446
Light

Panxla-KO OT <0.0001 **** t=5.570, df=59 0.5494 0.1759
Dark

Panxla-KO OT 0.0024 ** t=3.167, df=59 0.4185 0.3642

Light
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Supplementary Table S18. The comparison of average gamma band power before and after bicuculline

treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline

recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and
dark, the larvae were treated with bicuculline for 30 minutes. After incubation with the drug the larvae’s

brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power
spectral density. The gamma band (35-45Hz) average frequency power was compared before and after

treatment using a Paired t-test. Significance was determined as P-value (<0.05).

Larva and P-value Significant? T ratio and Degrees  Mean of Mean of

Treatment of freedom (df) Control  Treatment
TL DM Dark 0.0002 *** t=3.908, df=59 0.2504 0.3848
TL DM Light <0.0001 **** t=4.392, df=59 0.377 0.2528
TL DL Dark <0.0001 **** t=6.010, df=59 0.4084 0.1895
TL DL Light 0.0047 ** t=2.941, df=59 0.2987 0.2144
TL OT Dark 0.0065 ** t=2.824, df=59 0.2838 0.255



TL OT Light

Panxla-KO DM
Dark
Panxla-KO DM
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Dark
Panxla-KO DL
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Panxla-KO OT
Dark
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Supplementary Table S19. The comparison of average gamma band power before and after MK-801
treatment. The TL and Panx1a-KO larvae were placed under the electrophysiology setup and baseline
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<0.0001

<0.0001

<0.0001

<0.0001

0.7851

<0.0001

*kkk

*kk*k

*kk*k

*kkk

No

*kkk

t=2.314, df=59
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recordings were performed from the DM, DL and OT regions. After baseline recordings in the light and

dark, the larvae were treated with MK-801 for 30 minutes. After incubation with the drug the larvae’s

brain activity was recorded in the light and the dark. NeuroExplorer was used to calculate the power

spectral density. The gamma band (35-45Hz) average frequency power was compared before and after

treatment using a Paired t-test. Significance was determined as P-value (<0.05).

Larva and P-value Significant? T ratio and Degrees ~ Mean of  Mean of
Treatment of freedom (df) Control  Treatment
TL DM Dark <0.0001 **** t=6.184, df=59 0.05693 0.3942
TL DM Light <0.0001 **** t=5.670, df=59 0.09263 0.4275
TL DL Dark <0.0001 **** t=4.406, df=59 0.2954 0.1731
TL DL Light 0.0014 ** t=3.354, df=59 0.2003 0.2696
TL OT Dark 0.0174 * t=2.448, df=59 0.4676 0.3861
TL OT Light 0.0027 ** t=3.133, df=59 0.5476 0.4542
Panxla-KO DM 0.0248 * t=2.303, df=59 0.433 0.3828
Dark

Panxla-KO DM <0.0001 **** t=5.687, df=59 0.3117 0.5212
Light

Panxla-KO DL <0.0001 **** t=5.672, df=59 0.3107 0.1003
Dark

Panxla-KO DL <0.0001 **** t=4.602, df=59 0.2227 0.07631
Light

Panxla-KO OT <0.0001 H**** t=5.043, df=59 0.313 0.4448
Dark

Panxla-KO OT <0.0001 **** t=5.900, df=59 0.235 0.504

Light

Supplementary Table S20. The comparison of average gamma band power before and after MPTP
treatment. The TL and Panxla-KO were incubated with MPTP for four hours in the dark. After
incubation the larvae’s brain activity was recorded in the light and the dark. NeuroExplorer was used to
calculate the power spectral density. The gamma band (35-45Hz) average frequency power was compared
before and after treatment using a Welch’s t-test. Significance was determined as P-value (<0.05).
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Larva and P-value Significant? T ratio and Degrees Mean of  Mean of
Treatment of freedom (df) Control  Treatment
TL DM Dark 0.0019 ** t=3.212, df=84.79 0.4858 0.224
TL DM Light 0.0025 ** t=3.109, df=86.86 0.6737 0.3417
TL DL Dark <0.0001 **** t=5.032, df=61.70 0.3135 0.06554
TL DL Light <0.0001 **** t=4.654, df=62.87 0.337 0.07477
TL OT Dark 0.0014 ** t=3.304, df=83.38 0.3611 0.8205
TL OT Light 0.0079 ** t=2.721, df=86.13 0.4183 0.8247
Panxla-KO DM <0.0001 **** t=4.420, df=63.61 0.1733 0.05078
Dark

Panxla-KO DM 0.0003 *** t=3.830, df=68.52 0.1776 0.06688
Light

Panxla-KO DL 0.0012 ** t=3.358, df=79.94 0.08333 0.1783
Dark

Panxla-KO DL 0.0071 ** t=2.759, df=87.82 0.2544 0.1309
Light

Panxla-KO OT 0.0127 =* t=2.547, df=84.75 0.5494 0.2851
Dark

Panxla-KO OT 0.3724 No t=0.8955, df=113.2 0.4185 0.339

Light

8.4.5 LFP: Coherence Statistics

Supplementary Table S21. The comparison of coherence between the DM and OT and the DL and OT
regions before and after probenecid treatment. TL and Panx1a-KO larvae were recorded at baseline and
after 30-minute probenecid treatment. The coherence between ascending visual pathway regions was
calculated using NeuroExplorer and split into five frequency bands: delta, theta, alpha, beta and gamma.
A 2-way ANOVA analysis with Tukey’s multiple comparison was performed on each frequency band
using GraphPad Prism. DM stands for the coherence between the DM and OT regions. DL stands for the
coherence between the DL and OT regions.

Delta
Tukey's multiple comparisons  Mean 95.00%  Below Summary Adjusted
test Diff. Cl of threshold? P Value
diff.
TL DM Baseline Dark vs 0.03615 -0.1675 No ns 0.9673
Control Light to
0.2398
TL DM Baseline Dark vs -0.1187 -0.3224 No ns 0.431
PROB (20pM) Dark to
0.08493
TL DM Baseline Light vs -0.03597 -0.2396 No ns 0.9678
PROB (20pM) Light to
0.1677
TL DM PROB (20uM) Dark 0.1189 -0.08475 No ns 0.4296
vs PROB (20uM) Light to

0.3226



TL DL Baseline Dark vs 0.006263 -0.2331 No ns 0.9999
Control Light to

0.2456
TL DL Baseline Dark vs -0.09529 -0.3346 No ns 0.7292
PROB (20nM) Dark to

0.1440
TL DL Baseline Light vs -0.1272  -0.3665 No ns 0.5132
PROB (20pM) Light to

0.1122
TL DL PROB (20pM) Dark vs  -0.02561 -0.2649  No ns 0.9925
PROB (20pM) Light to

0.2137
Panxla-KO DM Baseline -0.2233  -0.4031 Yes falad 0.0083
Dark vs Control Light to -

0.04342
Panxla-KO DM Baseline -0.4784  -0.6583  Yes Eekaoed <0.0001
Dark vs PROB (20pM) Dark to -

0.2986
Panxla-KO DM Baseline -0.1595  -0.3394 No ns 0.1016
Light vs PROB (20uM) Light to

0.02034
Panxla-KO DM PROB 0.09564 -0.08421 No ns 0.5125
(20puM) Dark vs PROB to
(20pM) Light 0.2755
Panxla-KO DL Baseline Dark 0.005796 -0.2481 No ns >0.9999
vs Control Light to

0.2597
Panxla-KO DL Baseline Dark 0.04036 -0.2136 No ns 0.9761
vs PROB (20uM) Dark to

0.2943
Panxla-KO DL Baseline Light 0.00355 -0.2504  No ns >0.9999
vs PROB (20puM) Light to

0.2575
Panxla-KO DL PROB (20pM) -0.03101 -0.2849 No ns 0.9889
Dark vs PROB (20uM) Light to

0.2229
Theta
Tukey's multiple comparisons  Mean 95.00%  Below Summary Adjusted
test Diff. Cl of threshold? P Value

diff.
TL DM Baseline Dark vs 0.008017 -0.1192 No ns 0.9985
Control Light to

0.1353
TL DM Baseline Dark vs -0.04197 -0.1692 No ns 0.8292
PROB (20pM) Dark to

0.08526
TL DM Baseline Light vs -0.06535 -0.1926 No ns 0.5464
PROB (20pM) Light to

0.06189
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TL DM PROB (20uM) Dark -0.01536 -0.1426 No ns 0.9895
vs PROB (20pM) Light to

0.1119
TL DL Baseline Dark vs -0.02265 -0.1809 No ns 0.9827
Control Light to

0.1356
TL DL Baseline Dark vs -0.1036  -0.2618 No ns 0.3305
PROB (20pM) Dark to

0.05474
TL DL Baseline Light vs -0.141 -0.2993 No ns 0.1
PROB (20pM) Light to

0.01730
TL DL PROB (20puM) Dark vs  -0.06008 -0.2184  No ns 0.7605
PROB (20pM) Light to

0.09821
Panxla-KO DM Baseline -0.1403  -0.2538  Yes ** 0.0084
Dark vs Control Light to -

0.02683
Panxla-KO DM Baseline -0.3876  -0.5011  Yes Fokx <0.0001
Dark vs PROB (20pM) Dark to -

0.2742
Panxla-KO DM Baseline -0.1354  -0.2488  Yes * 0.012
Light vs PROB (20pM) Light to -

0.02192
Panxla-KO DM PROB 0.1119 - No ns 0.0547
(20uM) Dark vs PROB 0.001522
(20pM) Light to

0.2254
Panxla-KO DL Baseline Dark 0.03276 -0.1331  No ns 0.9566
vs Control Light to

0.1987
Panxla-KO DL Baseline Dark 0.01011 -0.1558 No ns 0.9986
vs PROB (20pM) Dark to

0.1760
Panxla-KO DL Baseline Light -0.01752 -0.1834 No ns 0.9929
vs PROB (20pM) Light to

0.1484
Panxla-KO DL PROB (20pM) 0.005134 -0.1608 No ns 0.9998
Dark vs PROB (20puM) Light to

0.1710
Alpha
Tukey's multiple comparisons Mean 95.00% Below Summary Adjusted
test Diff. Cl of threshold? P Value

diff.
TL DM Baseline Dark vs 0.05676  -0.03570 No ns 0.3888
Control Light to

0.1492
TL DM Baseline Dark vs 0.0507 -0.04176 No ns 0.4905

PROB (20pM) Dark

to
0.1432
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TL DM Baseline Light vs 0.03763  -0.05483 No ns 0.7197
PROB (20pM) Light to

0.1301
TL DM PROB (20uM) Dark 0.04369 -0.04877 No ns 0.6148
vs PROB (20pM) Light to

0.1361
TL DL Baseline Dark vs -0.01683 -0.1353 No ns 0.9832
Control Light to

0.1017
TL DL Baseline Dark vs -0.07206 -0.1906 No ns 0.3979
PROB (20pM) Dark to

0.04644
TL DL Baseline Light vs -0.145 -0.2635  Yes *x 0.0093
PROB (20uM) Light to -

0.02648
TL DL PROB (20uM) Dark vs  -0.08975 -0.2083  No ns 0.2076
PROB (20sM) Light to

0.02876
Panxla-KO DM Baseline -0.0853  -0.1671  Yes * 0.0373
Dark vs Control Light to -

0.003486
Panxla-KO DM Baseline -0.3005 -0.3823  Yes Fokx <0.0001
Dark vs PROB (20uM) Dark to -

0.2187
Panxla-KO DM Baseline -0.121 -0.2028  Yes il 0.0009
Light vs PROB (20pM) Light to -

0.03917
Panxla-KO DM PROB 0.09421 0.01239  Yes * 0.0166
(20uM) Dark vs PROB to
(20pM) Light 0.1760
Panxla-KO DL Baseline Dark 0.03273  -0.09960 No ns 0.9195
vs Control Light to

0.1651
Panxla-KO DL Baseline Dark 0.00024 -0.1321 No ns >0.9999
vs PROB (20pM) Dark to

0.1326
Panxla-KO DL Baseline Light -0.04885 -0.1812 No ns 0.7763
vs PROB (20pM) Light to

0.08348
Panxla-KO DL PROB (20uM) -0.01636 -0.1487 No ns 0.9888
Dark vs PROB (20pM) Light to

0.1160
Beta
Tukey's multiple comparisons  Mean 95.00%  Below Summary Adjusted
test Diff. Cl of threshold? P Value

diff.
TL DM Baseline Dark vs 0.02365 -0.01914 No ns 0.486

Control Light

to
0.06643



TL DM Baseline Dark vs
PROB (20nM) Dark

TL DM Baseline Light vs
PROB (20puM) Light

TL DM PROB (20pM) Dark
vs PROB (20pM) Light

TL DL Baseline Dark vs
Control Light

TL DL Baseline Dark vs
PROB (20uM) Dark

TL DL Baseline Light vs
PROB (20pM) Light

TL DL PROB (20pM) Dark vs
PROB (20puM) Light

Panxla-KO DM Baseline
Dark vs Control Light

Panxla-KO DM Baseline
Dark vs PROB (20uM) Dark

Panxla-KO DM Baseline
Light vs PROB (20uM) Light

Panxla-KO DM PROB
(20puM) Dark vs PROB
(20pM) Light

Panxla-KO DL Baseline Dark
vs Control Light

Panxla-KO DL Baseline Dark
vs PROB (20pM) Dark

Panxla-KO DL Baseline Light
vs PROB (20uM) Light

Panxla-KO DL PROB (20uM)
Dark vs PROB (20pM) Light

Gamma

Tukey's multiple comparisons
test

-0.00894

0.0217

0.05429

-0.02604

-0.04614

-0.07629

-0.05618

-0.01798

-0.1266

-0.08763

0.02101

0.01431

-0.06796

-0.1216

-0.03931

Mean
Diff.

-0.05173
to
0.03384
-0.02108
to
0.06449
0.01150
to
0.09707
-0.09374
to
0.04167
-0.1138
to
0.02156
-0.1440
to -
0.008583
-0.1239
to
0.01152
-0.04184
to
0.005887
-0.1505
to -
0.1027
-0.1115
to -
0.06376

0.002856
to
0.04488
-0.03829
to
0.06691
-0.1205
to -
0.01541
-0.1741
to -
0.06903
-0.09170
to
0.01309

95.00%
Cl of
diff.

No

No

Yes

No

No

Yes

No

No

Yes

Yes

No

No

Yes

Yes

No

Below
threshold?

ns

ns

**

ns

ns

ns

ns

*hk*k

*hk*k

ns

ns

**

*kkk

ns

Summary
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0.9498

0.56

0.0062

0.7555

0.2967

0.0199

0.1427

0.2128

<0.0001

<0.0001

0.1069

0.8972

0.005

<0.0001

0.2161

Adjusted
P Value




TL DM Baseline Dark vs
Control Light

TL DM Baseline Dark vs
PROB (20uM) Dark

TL DM Baseline Light vs
PROB (20uM) Light

TL DM PROB (20pM) Dark
vs PROB (20pM) Light

TL DL Baseline Dark vs
Control Light

TL DL Baseline Dark vs
PROB (20uM) Dark

TL DL Baseline Light vs
PROB (20puM) Light

TL DL PROB (20pM) Dark vs
PROB (20pM) Light

Panxla-KO DM Baseline
Dark vs Control Light

Panxla-KO DM Baseline
Dark vs PROB (20uM) Dark

Panxla-KO DM Baseline
Light vs PROB (20uM) Light

Panxla-KO DM PROB
(20pM) Dark vs PROB
(20uM) Light

Panxla-KO DL Baseline Dark
vs Control Light

Panxla-KO DL Baseline Dark
vs PROB (20pM) Dark

Panxla-KO DL Baseline Light
vs PROB (20pM) Light

Panxla-KO DL PROB (20uM)
Dark vs PROB (20pM) Light

-0.1329

-0.1275

-0.0164

-0.0218

-0.1106

-0.2081

-0.02404

0.07341

-0.03386

-0.00058

0.0386

0.005317

-0.1312

-0.06047

-0.05755

-0.1283

-0.1876
to -
0.07825
-0.1822
to -
0.07285
-0.07106
to
0.03827
-0.07647
to
0.03286
-0.1798
to -
0.04141
-0.2773
to -
0.1389
-0.09326
to
0.04517
0.004194
to
0.1426
-0.09332
to
0.02560
-0.06003
to
0.05888
-0.02086
to
0.09806
-0.05414
to
0.06477
-0.1847
to -
0.07782
-0.1139
to -
0.007042
-0.1110
to -
0.004113
-0.1818
to -
0.07489

Yes

Yes

No

No

Yes

Yes

No

Yes

No

No

No

No

Yes

Yes

Yes

Yes

*hk*k

*kk*k

ns

ns

*kxk

*kk*k

ns

ns

ns

ns

ns

*kkk

*kk*k

<0.0001

<0.0001

0.8669

0.7336

0.0003

<0.0001

0.8078

0.0327

0.4585

>0.9999

0.3395

0.9957

<0.0001

0.0192

0.029

<0.0001
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Supplementary Table S22. The comparison of coherence between the DM and OT and the DL and OT
regions before and after bicuculline treatment. TL and Panx1a-KO larvae were recorded at baseline and
after 30-minute bicuculline treatment. The coherence between ascending visual pathway regions was
calculated using NeuroExplorer and split into five frequency bands: delta, theta, alpha, beta and gamma.
A 2-way ANOVA analysis with Tukey’s multiple comparison was performed on each frequency band
using GraphPad Prism. DM stands for the coherence between the DM and OT regions. DL stands for the
coherence between the DL and OT regions.

Delta
Tukey's multiple comparisons  Mean 95.00%  Below Summary Adjusted
test Diff. Cl of threshold? P Value

diff.
TL DM Baseline Dark vs -0.1281 -0.2820 No ns 0.1391
Control Light to

0.02579
TL DM Baseline Dark vs 0.08498 -0.06893 No ns 0.4816
Bicuculline (100pM) Dark to

0.2389
TL DM Baseline Light vs -0.06906 -0.2230 No ns 0.651
Bicuculline (100pM) Light to

0.08486
TL DM Bicuculline (100pM) -0.2822 -0.4361  Yes Fkkk <0.0001
Dark vs Bicuculline (100pnM) to -
Light 0.1282
TL DL Baseline Dark vs 0.04251 0.005157 Yes * 0.0188
Control Light to

0.07986
TL DL Baseline Dark vs -0.07856 -0.1159  Yes Fkkk <0.0001
Bicuculline (100pM) Dark to -

0.04120
TL DL Baseline Light vs -0.1129 -0.1503  Yes falakalel <0.0001
Bicuculline (100pM) Light to -

0.07558
TL DL Bicuculline (100pM) 0.008132 -0.02922 No ns 0.942
Dark vs Bicuculline (100pM) to
Light 0.04548
Panxla-KO DM Baseline Dark  -0.06923 -0.1702  No ns 0.2863
vs Control Light to

0.03176
Panxla-KO DM Baseline Dark 0.1504 0.04936  Yes ikl 0.0009
vs Bicuculline (100pM) Dark to

0.2514
Panxla-KO DM Baseline Light 0.129 0.02802  Yes ** 0.0062
vs Bicuculline (100uM) Light to

0.2300
Panxla-KO DM Bicuculline -0.09057 -0.1916 No ns 0.0958
(100pM) Dark vs Bicuculline to

(100pM) Light 0.01042



Panxla-KO DL Baseline Dark  -0.09151 -0.1285  Yes faiaiaied <0.0001
vs Control Light to -

0.05452
Panxla-KO DL Baseline Dark -0.1136 -0.1506  Yes falaiaied <0.0001
vs Bicuculline (100pM) Dark to -

0.07659
Panxla-KO DL Baseline Light  -0.02092 -0.05791 No ns 0.4541
vs Bicuculline (100pM) Light to

0.01606
Panxla-KO DL Bicuculline 0.001141 -0.03585 No ns 0.9998
(100pM) Dark vs Bicuculline to
(100pM) Light 0.03813
Theta
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.02086 -0.1355 No ns 0.9657
Control Light to

0.09380
TL DM Baseline Dark vs -0.216 -0.3307  Yes falaiaied <0.0001
Bicuculline (100pM) Dark to -

0.1014
TL DM Baseline Light vs -0.2778 -0.3924  Yes Fkkk <0.0001
Bicuculline (100pM) Light to -

0.1631
TL DM Bicuculline (100pM) -0.08259 -0.1973  No ns 0.2478
Dark vs Bicuculline (100pnM) to
Light 0.03207
TL DL Baseline Dark vs 0.03026 - No ns 0.1542
Control Light 0.006898

to

0.06741
TL DL Baseline Dark vs -0.09779 -0.1349  Yes Fkkk <0.0001
Bicuculline (100pM) Dark to -

0.06063
TL DL Baseline Light vs -0.1303 -0.1675  Yes Fkkk <0.0001
Bicuculline (100pM) Light to -

0.09318
TL DL Bicuculline (100pM) -0.0023 -0.03945 No ns 0.9985
Dark vs Bicuculline (100pM) to
Light 0.03486
Panxla-KO DM Baseline Dark -0.1408 -0.2141  Yes Fkkx <0.0001
vs Control Light to -

0.06748
Panxla-KO DM Baseline Dark 0.1047 0.03139  Yes *x 0.0015
vs Bicuculline (100pM) Dark to

0.1780
Panxla-KO DM Baseline Light 0.2365 0.1632 Yes falakalel <0.0001
vs Bicuculline (100pM) Light to

0.3098
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Panxla-KO DM Bicuculline -0.00897 -0.08226 No ns 0.989
(100pM) Dark vs Bicuculline to
(100uM) Light 0.06432
Panxla-KO DL Baseline Dark  -0.06154 -0.08533 Yes falaiaied <0.0001
vs Control Light to -

0.03774
Panxla-KO DL Baseline Dark  -0.09649 -0.1203  Yes falalalel <0.0001
vs Bicuculline (100pM) Dark to -

0.07270
Panxla-KO DL Baseline Light  -0.03947 -0.06327 Yes faleie 0.0002
vs Bicuculline (100pM) Light to -

0.01568
Panxla-KO DL Bicuculline -0.00452 -0.02831 No ns 0.9608
(100pM) Dark vs Bicuculline to
(100pM) Light 0.01928
Alpha
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.02763 -0.1411 No ns 0.9232
Control Light to

0.08589
TL DM Baseline Dark vs -0.1276 -0.2411  Yes * 0.0205
Bicuculline (100nM) Dark to -

0.01403
TL DM Baseline Light vs -0.2043 -0.3178  Yes Fkkk <0.0001
Bicuculline (100pM) Light to -

0.09079
TL DM Bicuculline (100pM) -0.1044 -0.2179 No ns 0.0842
Dark vs Bicuculline (100pM) to
Light 0.009137
TL DL Baseline Dark vs -0.0022 -0.02972 No ns 0.9969
Control Light to

0.02532
TL DL Baseline Dark vs -0.1227 -0.1502  Yes Fkkx <0.0001
Bicuculline (100pM) Dark to -

0.09513
TL DL Baseline Light vs -0.1312 -0.1587  Yes falakalel <0.0001
Bicuculline (100pM) Light to -

0.1036
TL DL Bicuculline (100pM) -0.0107 -0.03823 No ns 0.7473
Dark vs Bicuculline (100pM) to
Light 0.01682
Panxla-KO DM Baseline Dark -0.1334 -0.1935  Yes faiaiaied <0.0001
vs Control Light to -

0.07320
Panxla-KO DM Baseline Dark 0.1766 0.1165 Yes fadaiaied <0.0001
vs Bicuculline (100pM) Dark to

0.2368
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Panxla-KO DM Baseline Light 0.3852 0.3250 Yes faiaiaied <0.0001
vs Bicuculline (100pM) Light to

0.4453
Panxla-KO DM Bicuculline 0.07518 0.01502  Yes ** 0.0074
(100pM) Dark vs Bicuculline to
(100pM) Light 0.1353
Panxla-KO DL Baseline Dark  -0.05821 -0.07916 Yes falakalel <0.0001
vs Control Light to -

0.03726
Panxla-KO DL Baseline Dark  -0.06064 -0.08159 Yes falakalel <0.0001
vs Bicuculline (100pM) Dark to -

0.03969
Panxla-KO DL Baseline Light  0.004925 -0.01602 No ns 0.9294
vs Bicuculline (100pM) Light to

0.02587
Panxla-KO DL Bicuculline 0.007355 -0.01359 No ns 0.8005
(100pM) Dark vs Bicuculline to
(100pM) Light 0.02830
Beta
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.00827 -0.06236 No ns 0.9794
Control Light to

0.04582
TL DM Baseline Dark vs -0.03702 -0.09111 No ns 0.2932
Bicuculline (100nM) Dark to

0.01707
TL DM Baseline Light vs -0.1101 -0.1642  Yes falekaled <0.0001
Bicuculline (100pM) Light to -

0.05600
TL DM Bicuculline (100pM) -0.08134 -0.1354  Yes faleie 0.0007
Dark vs Bicuculline (100pM) to -
Light 0.02725
TL DL Baseline Dark vs -0.0448 -0.06773 Yes Fkkx <0.0001
Control Light to -

0.02187
TL DL Baseline Dark vs -0.122 -0.1449  Yes Fkkx <0.0001
Bicuculline (100pM) Dark to -

0.09905
TL DL Baseline Light vs -0.09876 -0.1217  Yes falakalel <0.0001
Bicuculline (100pM) Light to -

0.07583
TL DL Bicuculline (100pM) -0.02159 -0.04452 No ns 0.0735
Dark vs Bicuculline (100pM) to
Light 0.001341
Panxla-KO DM Baseline Dark -0.1474 -0.1834  Yes fakahaliel <0.0001
vs Control Light to -

0.1114
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Panxla-KO DM Baseline Dark 0.1788 0.1428 Yes falaiaied <0.0001
vs Bicuculline (100pM) Dark to

0.2147
Panxla-KO DM Baseline Light 0.3379 0.3019 Yes falaiaied <0.0001
vs Bicuculline (100pM) Light to

0.3739
Panxla-KO DM Bicuculline 0.01169 -0.02430 No ns 0.8374
(100pM) Dark vs Bicuculline to
(100pM) Light 0.04768
Panxla-KO DL Baseline Dark  -0.06286 -0.07793 Yes falalalel <0.0001
vs Control Light to -

0.04780
Panxla-KO DL Baseline Dark  0.009202 - No ns 0.395
vs Bicuculline (100pM) Dark 0.005862

to

0.02427
Panxla-KO DL Baseline Light 0.04773 0.03267  Yes Fkkk <0.0001
vs Bicuculline (100pM) Light to

0.06279
Panxla-KO DL Bicuculline -0.02434 -0.03940 Yes Fx 0.0002
(100pM) Dark vs Bicuculline to -
(100uM) Light 0.009273
Gamma
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.01534 -0.07051 No ns 0.8909
Control Light to

0.03983
TL DM Baseline Dark vs -0.06324 -0.1184  Yes * 0.0171
Bicuculline (100pM) Dark to -

0.008070
TL DM Baseline Light vs -0.08227 -0.1374  Yes faleie 0.0008
Bicuculline (100pM) Light to -

0.02711
TL DM Bicuculline (100pM) -0.03438 -0.08955 No ns 0.3769
Dark vs Bicuculline (100pM) to
Light 0.02079
TL DL Baseline Dark vs 0.003562 -0.05667 No ns 0.9987
Control Light to

0.06379
TL DL Baseline Dark vs 0.02989 -0.03034 No ns 0.5773
Bicuculline (100pM) Dark to

0.09012
TL DL Baseline Light vs 0.03794 -0.02229 No ns 0.3667
Bicuculline (100pM) Light to

0.09818
TL DL Bicuculline (100pM) 0.01161 -0.04862 No ns 0.9599
Dark vs Bicuculline (100pnM) to

Light 0.07185
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Panxla-KO DM Baseline Dark  -0.01789 -0.07906 No ns 0.8753
vs Control Light to

0.04328
Panxla-KO DM Baseline Dark -0.3052 -0.3664  Yes AT <0.0001
vs Bicuculline (100pM) Dark to -

0.2441
Panxla-KO DM Baseline Light -0.2511 -0.3123  Yes fakaiaiad <0.0001
vs Bicuculline (100pM) Light to -

0.1899
Panxla-KO DM Bicuculline 0.03623 -0.02494 No ns 0.4228
(100pM) Dark vs Bicuculline to
(100pM) Light 0.09740
Panxla-KO DL Baseline Dark 0.09802 0.03667  Yes Fkx 0.0003
vs Control Light to

0.1594
Panxla-KO DL Baseline Dark  -0.04733 -0.1087 No ns 0.1935
vs Bicuculline (100pM) Dark to

0.01401
Panxla-KO DL Baseline Light -0.1026 -0.1639  Yes e 0.0001
vs Bicuculline (100pM) Light to -

0.04125
Panxl1a-KO DL Bicuculline 0.04275 -0.01859 No ns 0.2761
(100pM) Dark vs Bicuculline to
(100pM) Light 0.1041

Supplementary Table S23. The comparison of coherence between the DM and OT and the DL and OT
regions before and after MK-801 treatment. TL and Panx1a-KO larvae were recorded at baseline and after
30-minute MK-801 treatment. The coherence between ascending visual pathway regions was calculated
using NeuroExplorer and split into five frequency bands: delta, theta, alpha, beta and gamma. A 2-way
ANOVA analysis with Tukey’s multiple comparison was performed on each frequency band using
GraphPad Prism. DM stands for the coherence between the DM and OT regions. DL stands for the
coherence between the DL and OT regions.

Delta
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. Cl of threshold? P Value
diff.
TL DM Baseline Dark vs -0.1465 -0.2950 No ns 0.0544
Control Light to
0.001888
TL DM Baseline Dark vs MK- -0.2123 -0.3608  Yes il 0.0016
801 (20uM) Dark to -
0.06390
TL DM Baseline Light vs MK- -0.0423 -0.1907 No ns 0.8804
801 (20pM) Light t0 0.1061
TL DM MK-801 (20uM) Dark 0.02348 -0.1249 No ns 0.9765
vs MK-801 (20uM) Light t0 0.1719
TL DL Baseline Dark vs 0.02747 -0.2653 No ns 0.9948

Control Light to 0.3202



TL DL Baseline Dark vs MK- -0.1361 -0.4289 No ns 0.6184
801 (20uM) Dark to 0.1566
TL DL Baseline Light vs MK- -0.1622 -0.4550 No ns 0.4726
801 (20pM) Light t0 0.1306
TL DL MK-801 (20uM) Dark 0.001414 -0.2914  No ns >0.9999
vs MK-801 (20pM) Light t0 0.2942
Panxla-KO DM Baseline Dark -0.1101 -0.2633 No ns 0.2471
vs Control Light to

0.04300
Panxla-KO DM Baseline Dark 0.03287 -0.1203 No ns 0.9447
vs MK-801 (20pM) Dark to 0.1860
Panxla-KO DM Baseline Light 0.107 -0.04613 No ns 0.2713
vs MK-801 (20pM) Light t0 0.2601
Panxla-KO DM MK-801 -0.03601 -0.1891  No ns 0.929
(20uM) Dark vs MK-801 to 0.1171
(20pM) Light
Panxla-KO DL Baseline Dark -0.1087 -0.2914 No ns 0.4088
vs Control Light to

0.07399
Panxla-KO DL Baseline Dark 0.2538 0.07115  Yes *x 0.0025
vs MK-801 (20pM) Dark to 0.4365
Panxla-KO DL Baseline Light 0.3291 0.1465to Yes folake <0.0001
vs MK-801 (20pM) Light 0.5118
Panxla-KO DL MK-801 -0.03337 -0.2161  No ns 0.9638
(20pM) Dark vs MK-801 t0 0.1493
(20pM) Light
Theta
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.06516 -0.1650 No ns 0.3326
Control Light to

0.03466
TL DM Baseline Dark vs MK- -0.1402 -0.2401  Yes ** 0.0019
801 (20uM) Dark to -

0.04041
TL DM Baseline Light vs MK- -0.05773 -0.1576  No ns 0.4421
801 (20pM) Light to

0.04209
TL DM MK-801 (20uM) Dark 0.01734 -0.08248 No ns 0.9698
vs MK-801 (20uM) Light t0 0.1172
TL DL Baseline Dark vs 0.00667 -0.1868 No ns 0.9997
Control Light to 0.2001
TL DL Baseline Dark vs MK- -0.1652 -0.3587 No ns 0.1233
801 (20uM) Dark to

0.02825
TL DL Baseline Light vs MK- -0.1946 -0.3881  Yes * 0.048
801 (20pM) Light to -

0.001156
TL DL MK-801 (20pM) Dark -0.02273 -0.2162  No ns 0.9902
vs MK-801 (20pM) Light t0 0.1707
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Panxla-KO DM Baseline Dark -0.1472 -0.2574 Yes *x 0.0035
vs Control Light to -

0.03699
Panxla-KO DM Baseline Dark  0.008324 -0.1019 No ns 0.9974
vs MK-801 (20uM) Dark to 0.1185
Panxla-KO DM Baseline Light 0.1504 0.04025 Yes ** 0.0027
vs MK-801 (20puM) Light t0 0.2607
Panxla-KO DM MK-801 -0.00507 -0.1153 No ns 0.9994
(20pM) Dark vs MK-801 t0 0.1051
(20pM) Light
Panxla-KO DL Baseline Dark -0.1429 -0.2842 Yes * 0.0463
vs Control Light to -

0.001620
Panxla-KO DL Baseline Dark 0.222 0.08065 Yes Fkx 0.0004
vs MK-801 (20uM) Dark to 0.3633
Panxla-KO DL Baseline Light 0.3069 0.1656to Yes folala <0.0001
vs MK-801 (20puM) Light 0.4482
Panxla-KO DL MK-801 -0.05802 -0.1993 No ns 0.7117
(20pM) Dark vs MK-801 to
(20pM) Light 0.08328
Alpha
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.04064 -0.1424 No ns 0.7317
Control Light to

0.06115
TL DM Baseline Dark vs MK- -0.05143 -0.1532 No ns 0.5609
801 (20nM) Dark to

0.05036
TL DM Baseline Light vs MK- 0.01667 -0.08512 No ns 0.9746
801 (20uM) Light t0 0.1185
TL DM MK-801 (20uM) Dark 0.02746 -0.07433 No ns 0.8984
vs MK-801 (20uM) Light t0 0.1293
TL DL Baseline Dark vs -0.00807 -0.1428 No ns 0.9987
Control Light to 0.1266
TL DL Baseline Dark vs MK- -0.2588 -0.3935 Yes AR <0.0001
801 (20uM) Dark to -

0.1241
TL DL Baseline Light vs MK- -0.2759 -0.4106  Yes Fxk <0.0001
801 (20uM) Light to -

0.1412
TL DL MK-801 (20pM) Dark -0.02521 -0.1599 No ns 0.9626
vs MK-801 (20pM) Light t0 0.1095
Panxla-KO DM Baseline Dark -0.1813 -0.2735 Yes falalaie <0.0001
vs Control Light to -

0.08916
Panxla-KO DM Baseline Dark  -0.01494 -0.1071 No ns 0.9754

vs MK-801 (20pM) Dark

to
0.07721
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Panxla-KO DM Baseline Light 0.1859 0.09371  Yes falakaal <0.0001
vs MK-801 (20pM) Light t0 0.2780
Panxla-KO DM MK-801 0.01948 -0.07267 No ns 0.9479
(20pM) Dark vs MK-801 t0 0.1116
(20pM) Light
Panxla-KO DL Baseline Dark -0.1436 -0.2757  Yes * 0.0272
vs Control Light to -

0.01146
Panxla-KO DL Baseline Dark 0.1937 0.06160  Yes ** 0.0011
vs MK-801 (20pM) Dark t0 0.3259
Panxla-KO DL Baseline Light 0.3182 0.1860to Yes falaiaa <0.0001
vs MK-801 (20pM) Light 0.4503
Panxla-KO DL MK-801 -0.01917 -0.1513 No ns 0.9819
(20pM) Dark vs MK-801 t0 0.1130
(20pM) Light
Beta
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.04494 -0.09352 No ns 0.0814
Control Light to

0.003628
TL DM Baseline Dark vs MK- -0.06225 -0.1108  Yes ** 0.0055
801 (20nM) Dark to -

0.01368
TL DM Baseline Light vs MK-  -0.00493 -0.05350 No ns 0.9938
801 (20uM) Light to

0.04365
TL DM MK-801 (20uM) Dark 0.01238 -0.03619 No ns 0.9135
vs MK-801 (20uM) Light to

0.06096
TL DL Baseline Dark vs -0.00187 -0.07008 No ns 0.9999
Control Light to

0.06635
TL DL Baseline Dark vs MK- -0.1768 -0.2451  Yes Fkkx <0.0001
801 (20nM) Dark to -

0.1086
TL DL Baseline Light vs MK- -0.2012 -0.2694  Yes folake <0.0001
801 (20pM) Light to -

0.1330
TL DL MK-801 (20pM) Dark -0.02618 -0.09439 No ns 0.7563
vs MK-801 (20pM) Light to

0.04203
Panxla-KO DM Baseline Dark -0.1571 -0.2003  Yes Fxk <0.0001
vs Control Light to -

0.1139
Panxla-KO DM Baseline Dark  -0.04855 -0.09172 Yes * 0.0202
vs MK-801 (20nM) Dark to -

0.005376
Panxla-KO DM Baseline Light 0.2033 0.1601to Yes Fkkx <0.0001
vs MK-801 (20pM) Light 0.2464
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Panxla-KO DM MK-801 0.0947 0.05153  Yes s <0.0001
(20uM) Dark vs MK-801 t0 0.1379
(20pM) Light
Panxla-KO DL Baseline Dark -0.1295 -0.1959 Yes Fxkk <0.0001
vs Control Light to -

0.06298
Panxla-KO DL Baseline Dark 0.1598 0.09329  Yes falalaie <0.0001
vs MK-801 (20pM) Dark t0 0.2262
Panxla-KO DL Baseline Light 0.2273 0.1608to Yes folake <0.0001
vs MK-801 (20pM) Light 0.2938
Panxla-KO DL MK-801 -0.06192 -0.1284 No ns 0.0783
(20pM) Dark vs MK-801 to
(20pM) Light 0.004560
Gamma
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.1298 -0.1800 Yes falalaie <0.0001
Control Light to -

0.07952
TL DM Baseline Dark vs MK- -0.1256 -0.1759 Yes Fkrx <0.0001
801 (20uM) Dark to -

0.07537
TL DM Baseline Light vs MK- -0.1292 -0.1794  Yes folake <0.0001
801 (20nM) Light to -

0.07895
TL DM MK-801 (20uM) Dark -0.1333 -0.1836 Yes prA <0.0001
vs MK-801 (20uM) Light to -

0.08310
TL DL Baseline Dark vs 0.008288 -0.06527 No ns 0.9915
Control Light to

0.08185
TL DL Baseline Dark vs MK- -0.05022 -0.1238 No ns 0.2941
801 (20uM) Dark to

0.02334
TL DL Baseline Light vs MK- -0.1919 -0.2655  Yes Fxkx <0.0001
801 (20pM) Light to -

0.1183
TL DL MK-801 (20pM) Dark -0.1334 -0.2069 Yes RS <0.0001
vs MK-801 (20pM) Light to -

0.05982
Panxla-KO DM Baseline Dark 0.0257 -0.02870 No ns 0.6169
vs Control Light to

0.08011
Panxla-KO DM Baseline Dark -0.1279 -0.1824  Yes BRFS <0.0001
vs MK-801 (20pM) Dark to -

0.07354
Panxla-KO DM Baseline Light -0.1518 -0.2062  Yes folake <0.0001
vs MK-801 (20uM) Light to -

0.09740
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Panxla-KO DM MK-801
(20pM) Dark vs MK-801
(20pM) Light

Panxla-KO DL Baseline Dark
vs Control Light

Panxla-KO DL Baseline Dark
vs MK-801 (20pM) Dark

Panxla-KO DL Baseline Light
vs MK-801 (20pM) Light

Panxla-KO DL MK-801
(20pM) Dark vs MK-801
(20pM) Light

0.00185

-0.00786

-0.04388

-0.01301

0.02301

-0.05255
to
0.05626
-0.07276
to
0.05705
-0.1088
to
0.02103
-0.07791
to
0.05189
-0.04189
to
0.08791

No

No

No

No

No

ns

ns

ns

ns

ns

0.9998

0.9895

0.3027

0.955

0.7974
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Supplementary Table S24. The comparison of coherence between the DM and OT and the DL and OT

regions before and after MPTP treatment. TL and Panx1a-KO larvae were recorded after four hours of
MPTP treatment in the dark. The coherence between ascending visual pathway regions was calculated

using NeuroExplorer and split into five frequency bands: delta, theta, alpha, beta and gamma. A 2-way
ANOVA analysis with Tukey’s multiple comparison was performed on each frequency band using
GraphPad Prism. DM stands for the coherence between the DM and OT regions. DL stands for the
coherence between the DL and OT regions.

Delta
Tukey's multiple comparisons Mean 95.00% Below Summary Adjusted
test Diff. Cl of threshold? P Value
diff.
TL DM Baseline Dark vs 0.03615 -0.1364 No ns 0.9478
Control Light to 0.2087
TL DM Baseline Dark vs MPTP 0.3923 0.2197to  Yes B <0.0001
(50uM) Dark 0.5648
TL DM Baseline Light vs 0.3626 0.1901to Yes falaiaal <0.0001
MPTP (50pM) Light 0.5351
TL DM MPTP (50uM) Darkvs  0.006482 -0.1660 No ns 0.9997
MPTP (50uM) Light t0 0.1790
TL DL Baseline Dark vs 0.006263 -0.2170 No ns 0.9999
Control Light to 0.2295
TL DL Baseline Dark vs MPTP  -0.04488 -0.2681 No ns 0.9535
(50pM) Dark t0 0.1783
TL DL Baseline Light vs MPTP  -0.09705 -0.3203 No ns 0.6716
(50pM) Light t0 0.1262
TL DL MPTP (50uM) Dark vs -0.04591 -0.2691 No ns 0.9505
MPTP (50pM) Light t0 0.1773
Panxla-KO DM Baseline Dark -0.2233 -0.3381 Yes fakated <0.0001
vs Control Light to -
0.1085
Panxla-KO DM Baseline Dark -0.7294 -0.8442 Yes ERFIS <0.0001
vs MPTP (50uM) Dark to -

0.6145



Panxla-KO DM Baseline Light -0.5419 -0.6568 Yes falaaied <0.0001
vs MPTP (50puM) Light to -

0.4271
Panxla-KO DM MPTP (50pM) -0.03586 -0.1507 No ns 0.8488
Dark vs MPTP (50pM) Light to

0.07896
Panxla-KO DL Baseline Dark 0.005796 -0.1976 No ns 0.9999
vs Control Light to 0.2092
Panxla-KO DL Baseline Dark -0.2752 -0.4949 Yes ** 0.0077
vs MPTP (50puM) Dark to -

0.05552
Panxla-KO DL Baseline Light -0.3015 -0.5212 Yes e 0.0028
vs MPTP (50pM) Light to -

0.08181
Panxla-KO DL MPTP (50pM)  -0.02049 -0.2553  No ns 0.9958
Dark vs MPTP (50pM) Light to 0.2144
Theta
Tukey's multiple comparisons Mean 95.00% Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs 0.008017 -0.1080 No ns 0.998
Control Light to 0.1240
TL DM Baseline Dark vs MPTP 0.321 0.2050to Yes Fhxk <0.0001
(50uM) Dark 0.4369
TL DM Baseline Light vs 0.3376 0.2216t0 Yes foleiaa <0.0001
MPTP (50uM) Light 0.4536
TL DM MPTP (50uM) Dark vs 0.02466 -0.09133 No ns 0.9467
MPTP (50uM) Light to 0.1406
TL DL Baseline Dark vs -0.02265 -0.1715 No ns 0.9794
Control Light to 0.1262
TL DL Baseline Dark vs MPTP  -0.04876 -0.1976 No ns 0.8321
(50puM) Dark to 0.1001
TL DL Baseline Light vs MPTP  -0.07336 -0.2222 No ns 0.5806
(50pM) Light to

0.07550
TL DL MPTP (50uM) Dark vs -0.04724 -0.1961 No ns 0.8449
MPTP (50uM) Light t0 0.1016
Panxla-KO DM Baseline Dark -0.1403 -0.2111 Yes Fkkx <0.0001
vs Control Light to -

0.06951
Panxla-KO DM Baseline Dark -0.6359 -0.7067 Yes Fkkk <0.0001
vs MPTP (50uM) Dark to -

0.5651
Panxla-KO DM Baseline Light -0.5058 -0.5766 Yes falakaled <0.0001
vs MPTP (50pM) Light to -

0.4350
Panxla-KO DM MPTP (50uM) -0.01022 -0.08101 No ns 0.9823
Dark vs MPTP (50pM) Light to

0.06057
Panxla-KO DL Baseline Dark 0.03276 -0.1018 No ns 0.9224
vs Control Light to 0.1673
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Panxla-KO DL Baseline Dark -0.2547 -0.4001 Yes AR <0.0001
vs MPTP (50pM) Dark to -

0.1094
Panxla-KO DL Baseline Light -0.2918 -0.4372 Yes falaiaied <0.0001
vs MPTP (50uM) Light to -

0.1465
Panxla-KO DL MPTP (50pM)  -0.00436 -0.1597 No ns 0.9999
Dark vs MPTP (50pM) Light t0 0.1510
Alpha
Tukey's multiple comparisons Mean 95.00%  Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs 0.05676 -0.02241 No ns 0.2516
Control Light to 0.1359
TL DM Baseline Dark vs MPTP 0.3711 0.2919t0 Yes Fkkk <0.0001
(50puM) Dark 0.4502
TL DM Baseline Light vs 0.3192 0.2401to Yes falakaled <0.0001
MPTP (50uM) Light 0.3984
TL DM MPTP (50uM) Dark vs  0.004923 -0.07424 No ns 0.9985
MPTP (50uM) Light to

0.08409
TL DL Baseline Dark vs -0.01683 -0.1191 No ns 0.9744
Control Light to

0.08548
TL DL Baseline Dark vs MPTP ~ -0.05732 -0.1670 No ns 0.5336
(50uM) Dark to

0.05240
TL DL Baseline Light vs MPTP  -0.08779 -0.1975 No ns 0.1669
(50pM) Light to

0.02192
TL DL MPTP (50uM) Dark vs -0.04731 -0.1594 No ns 0.697
MPTP (50uM) Light to

0.06477
Panxla-KO DM Baseline Dark -0.0853 -0.1418 Yes Frk 0.0007
vs Control Light to -

0.02881
Panxla-KO DM Baseline Dark -0.5142 -0.5707 Yes Fkx <0.0001
vs MPTP (50uM) Dark to -

0.4577
Panxla-KO DM Baseline Light -0.4537 -0.5101 Yes Fkx <0.0001
vs MPTP (50pM) Light to -

0.3972
Panxla-KO DM MPTP (50uM) -0.02474 -0.08123 No ns 0.6708
Dark vs MPTP (50uM) Light to

0.03174
Panxla-KO DL Baseline Dark 0.03273 -0.07153 No ns 0.8492
vs Control Light to 0.1370
Panxla-KO DL Baseline Dark -0.2806 -0.3932 Yes Fkkk <0.0001

vs MPTP (50pM) Dark

to -
0.1680
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Panxla-KO DL Baseline Light -0.3522 -0.4648 Yes falaaied <0.0001
vs MPTP (50uM) Light to -

0.2396
Panxla-KO DL MPTP (50puM) -0.03889 -0.1593 No ns 0.838
Dark vs MPTP (50pM) Light to

0.08150
Beta
Tukey's multiple comparisons Mean 95.00% Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs 0.02365 -0.02363 No ns 0.5717
Control Light to

0.07092
TL DM Baseline Dark vs MPTP 0.2323 0.1850to Yes Fkkx <0.0001
(50puM) Dark 0.2796
TL DM Baseline Light vs 0.2086 0.1614t0 Yes falaaied <0.0001
MPTP (50pM) Light 0.2559
TL DM MPTP (50uM) Darkvs  -2.3E-05 -0.04730 No ns >0.9999
MPTP (50pM) Light to

0.04725
TL DL Baseline Dark vs -0.02604 -0.08327 No ns 0.6458
Control Light to

0.03119
TL DL Baseline Dark vs MPTP  -0.08573 -0.1426 Yes Fxk 0.0006
(50uM) Dark to -

0.02889
TL DL Baseline Light vs MPTP  -0.07229 -0.1291 Yes e 0.006
(50pM) Light to -

0.01546
TL DL MPTP (50uM) Dark vs -0.0126 -0.06822 No ns 0.9373
MPTP (50uM) Light to

0.04302
Panxla-KO DM Baseline Dark ~ -0.01798 -0.04690 No ns 0.3794
vs Control Light to

0.01094
Panxla-KO DM Baseline Dark -0.438 -0.4669 Yes Fhxk <0.0001
vs MPTP (50uM) Dark to -

0.4091
Panxla-KO DM Baseline Light -0.4376 -0.4665 Yes Fhxk <0.0001
vs MPTP (50uM) Light to -

0.4087
Panxla-KO DM MPTP (50pM) -0.01757 -0.04649 No ns 0.4005
Dark vs MPTP (50uM) Light to

0.01135
Panxla-KO DL Baseline Dark 0.01432 -0.02788 No ns 0.8188
vs Control Light to

0.05651
Panxla-KO DL Baseline Dark -0.4423 -0.4879 Yes Fhxk <0.0001
vs MPTP (50pM) Dark to -

0.3968
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Panxla-KO DL Baseline Light -0.473 -0.5186 Yes falaaied <0.0001
vs MPTP (50uM) Light to -

0.4274
Panxla-KO DL MPTP (50puM) -0.01634 -0.06506 No ns 0.824
Dark vs MPTP (50pM) Light to

0.03238
Gamma
Tukey's multiple comparisons Mean 95.00% Below Summary Adjusted
test Diff. CI of threshold? P Value

diff.
TL DM Baseline Dark vs -0.1329 -0.1964 Yes Fxkx <0.0001
Control Light to -

0.06946
TL DM Baseline Dark vs MPTP  0.04833 -0.01236 No ns 0.1709
(50puM) Dark to 0.1090
TL DM Baseline Light vs 0.1401 0.07945  Yes falaialel <0.0001
MPTP (50uM) Light to 0.2008
TL DM MPTP (50uM) Darkvs  -0.04111 -0.09264 No ns 0.1696
MPTP (50uM) Light to

0.01042
TL DL Baseline Dark vs -0.1106 -0.1810 Yes faiahed 0.0003
Control Light to -

0.04024
TL DL Baseline Dark vs MPTP ~ -0.05736 -0.1277 No ns 0.1545
(50uM) Dark to

0.01302
TL DL Baseline Light vs MPTP 0.0069 -0.06348 No ns 0.9944
(50pM) Light to

0.07728
TL DL MPTP (50uM) Dark vs -0.04636 -0.1167 No ns 0.3263
MPTP (50uM) Light to

0.02402
Panxla-KO DM Baseline Dark  -0.03386 -0.09676 No ns 0.5085
vs Control Light to

0.02904
Panxla-KO DM Baseline Dark 0.03924 -0.02366 No ns 0.3755
vs MPTP (50uM) Dark to 0.1021
Panxla-KO DM Baseline Light 0.02501 -0.03789 No ns 0.7354
vs MPTP (50uM) Light to

0.08792
Panxla-KO DM MPTP (50pM) -0.04809 -0.1110 No ns 0.2009
Dark vs MPTP (50uM) Light to

0.01481
Panxla-KO DL Baseline Dark -0.1312 -0.1945 Yes falalaad <0.0001
vs Control Light to -

0.06802
Panxla-KO DL Baseline Dark -0.1032 -0.1715 Yes FxK 0.0006

vs MPTP (50pM) Dark

to -
0.03489
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Panxla-KO DL Baseline Light

vs MPTP (50pM) Light

Panxla-KO DL MPTP (50pM)
Dark vs MPTP (50nM) Light

-0.08533

-0.1536

to -
0.01704

-0.1134

-0.1864

to -
0.04038

8.5 Behavioral Assay Statistics

**

Yes

*k*k

Yes
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0.0074

0.0004

Supplementary Table S25. The distance travelled by TL and Panxl1a-KO larvae in a light ramp assay.
Larvae were incubated with adenosine £ MPTP for four hours in the dark prior to recording. The data was
recorded using the Zebrabox and processed using Fast Data Monitor. The total distance travelled of each
larva between 2100 and 2300 seconds was extracted and analyzed using GraphPad Prism. Significance
was calculated using a Welch’s t-test.

Treatment P value Significan Welch- Control  Adenosin  MPTP  Adenosin
t(P< corrected (mm) e(0.1pM) @AOuM e (0.1pM)
0.05)? t, df (mm) ) (mm) + MPTP

(10pM)
(mm)

Control TL vs <0.000 **** t=5.246, 255 21.77

Adenosine 1 df=951. 7

(0.1pM) TL 0

Control Panxla- <0.000 **** t=6.391, 21.1 16.92

KO vs Adenosine 1 df=945. 2

(0.1pM) Panxla- 6

KO

Control TL vs <0.000 **** t=25.59, 255 10.76

Adenosine 1 df=1074 7

(0.1pM)+ MPTP

(10pM) TL

Control Panxla- <0.000 **** t=29.63, 21.1 5.963

KO vs Adenosine 1 df=894. 2

(0.1uM)+ MPTP 9

(10uM) Panxla-

KO

TL MPTP vs <0.000 F*** t=4.370, 14.29 10.76

Adenosine+tMPT 1 df=467.

P 7

Panxla-KO <0.000  **** t=3.858, 8.839 5.963

MPTP vs 1 df=421.

Adenosine+MPT 5

P

Supplementary Table S26. The distance travelled by TL and Panx1a-KO larvae in a light ramp assay.
Larvae were incubated with caffeine £ MPTP for four hours in the dark prior to recording. The data was
recorded using the Zebrabox and processed using Fast Data Monitor. The total distance travelled of each
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larva between 2100 and 2300 seconds was extracted and analyzed using GraphPad Prism. Significance

was calculated using a Welch’s t-test.

Treatment P value Significant Welch- Control Caffeine MPTP  Caffeine

(P <0.05)? corrected (mm) (100p™M)  (10pM) (100pM)
t, df (mm) (mm) + MPTP
(10pM)
(mm)

Control TL vs <0.0001 F*** t=14.74, 25.57 15.91

Caffeine df=1054

(100pM) TL

Control 0.007 ** t=2.703, 21.12 19.32

Panxla-KO vs df=935.2

Caffeine

(100pM)

Panxla-KO

Control TL vs <0.0001 **** t=20.34, 25.57 11.05

Caffeine df=969.1

100pM)+

MPTP (10pM)

TL

Control <0.0001 **** t=22.49, 21.12 9.844

Panxla-KO vs df=858.4

Caffeine

(100pM)+

MPTP (10pM)

Panxla-KO

TL MPTP vs 0.0004 *** t=3.565, 14.29 11.05

Caffeine+MPTP df=636.9

Panxla-KO 0.1746 ns t=1.360, 8.839 9.844

MPTP vs df=407.7

Caffeine+MPTP

Supplementary Table S27. The distance travelled by TL and Panx1a-KO larvae in a light ramp assay.
Larvae were incubated with CY-09 + MPTP for four hours in the dark prior to recording. The data was
recorded using the Zebrabox and processed using Fast Data Monitor. The total distance travelled of each
larva between 2100 and 2300 seconds was extracted and analyzed using GraphPad Prism. Significance

was calculated using a Welch’s t-test.

Treatment P value Significan Welch- Contro CY-09 MPTP  CY-09 (1pM)
t(P< corrected | (mm) (1pM) aopM  + MPTP
0.05)? t, df (mm) ) (mm) (10pM) (mm)

Control TL <0.000  F*** t=17.34, 25.57 14.12

vs CY-09 1 df=1160

(1pM) TL

Control <0.000  **** t=10.50, 21.12 14.58

Panxla-KO 1 df=1087

vs CY-09

(1pM)

Panxla-KO



Control TL
vs CY-09 1
(ApM)+MPT
P (10uM) TL
Control
Panxla-KO 1
vs CY-09
(1pM)+MPT
P (10pM)
Panxla-KO
TL MPTP vs
CY- 1
09+MPTP
Panxla-KO
MPTP vs

CY-

09+MPTP

<0.000

<0.000

<0.000

*kk*k

*kk*k

*kk*k

0.3852 ns

t=26.63,
df=1072

t=20.64,
df=998.2

t=5.076,
df=465.6

t=0.8692,
df=492.0

25.57

21.12

14.29

8.839
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10.2

9.518

10.2

9.518

Supplementary Table S28. The distance travelled by TL and Panx1a-KO larvae in a light ramp assay.
Larvae were incubated with dexamethasone + MPTP for four hours in the dark prior to recording. The
data was recorded using the Zebrabox and processed using Fast Data Monitor. The total distance travelled
of each larva between 2100 and 2300 seconds was extracted and analyzed using GraphPad Prism.
Significance was calculated using a Welch’s t-test.

Treatment P Significa Welch- Contr Dexamethas MPT  Dexamethas
value nt(P< correct ol one (10pM) P one (10uM)
0.05)? edt, df (mm) (mm) (10p  + MPTP
M) (10pM)
(mm) (mm)

Control TL vs 0.278 ns t=1.085  25.57 24.61
Dexamethasone 3 ,
(10uM) TL df=751.

8
Control Panxla- <0.00  F*** t=5.883  21.12 16.54
KO vs 01 ,
Dexamethasone df=790.
(10pM) Panxla- 9
KO
Control TL vs <0.00  F*F** t=20.94 25.57 12.35
Dexamethasone 01 ,
(10pM) + MPTP df=962.
(10uM) TL 3
Control Panxla- <0.00  F*F** t=16.37 21.12 10.34
KO vs 01 :
Dexamethasone df=809.
(10uM) + MPTP 5
(10pM) Panxla-

KO
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TL MPTP vs 0.021 * t=2.302 14.29 12.35
Dexamethasone+M 7 ,
PTP df=528.
5
Panxla-KO MPTP  0.078 ns t=1.765 8.839 10.34
VS 1 ,
Dexamethasone+M df=595.
PTP 6

Supplementary Table S29. The distance travelled by TL and Panx1a-KO larvae in a light ramp assay.
Larvae were incubated with INF39 = MPTP for four hours in the dark prior to recording. The data was
recorded using the Zebrabox and processed using Fast Data Monitor. The total distance travelled of each
larva between 2100 and 2300 seconds was extracted and analyzed using GraphPad Prism. Significance
was calculated using a Welch’s t-test.

Treatment Pvalue Significant = Welch- Control INF-39 MPTP INF-39
(P<0.05?  corrected (mm) aouM) @@A0uM) @AO0uM) +

t, df (mm) (mm) MPTP
(10pM)
(mm)
Control TLvs <0.0001  **** t=4.000, 25.57 21.76
INF39 df=563.3
(1opM) TL
Control <0.0001  **** t=23.81, 21.12 7.028
Panxla-KO df=902.2
vs INF39
(10uM)
Panxla-KO
Control TLvs <0.0001  ***= t=10.23, 25.57 18.57
INF39 df=872.6
10pM) +
MPTP(10pM)
TL
Control <0.0001  **** t=20.80, 21.12 8.801
Panxla-KO df=901.8
vs INF39
10pM) +
MPTP(10pM)
Panxla-KO
TL MPTPvs <0.0001  **** t=4.827, 14.29 18.57
INF39+MPTP df=584.1
Panxla-KO 0.9619 ns t=0.04781, 8.839 8.801
MPTP vs df=524.7

INF39+MPTP
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Supplementary Table S30. The distance travelled by TL and Panx1a-KO larvae in a light ramp assay.
Larvae were incubated with MCC950 = MPTP for four hours in the dark prior to recording. The data was
recorded using the Zebrabox and processed using Fast Data Monitor. The total distance travelled of each
larva between 2100 and 2300 seconds was extracted and analyzed using GraphPad Prism. Significance
was calculated using a Welch’s t-test.

Treatment P value Significant Welch- Control MCC- MPTP MCC-950
(P <0.05)? corrected (mm) 950 (aopM) (ApM)+
t, df (1pM) (mm) MPTP
(mm) (10pM)
(mm)
Control TL vs 0.0002 *** t=3.697, 25.57  28.89
MCC950 (1pM) df=873.0
TL
Control Panxla- 0.4202 ns t=0.8065, 21.12 21.72
KO vs MCC950 df=963.1
(1pM) Panxla-
KO
Control TL vs <0.0001 **** t=11.57, 25.57 15.84
MCC950 (1nM) df=651.5
+ MPTP (10puM)
TL
Control Panxla- <0.0001 **** 1=21.95, 21.12 6.796
KO vs MCC950 df=818.0
(1pM) + MPTP
(10pM) Panx1a-
KO
TL MPTP vs 0.128 ns t=1.524, 14.29 15.84
MCC950+MPTP df=667.6
Panxla-KO 0.0163 * t=2.409, 8.839 6.796
MPTP vs df=590.4
MCC950+MPTP

Supplementary Table S31. The distance travelled by TL and Panx1a-KO larvae in a light ramp assay.
Larvae were incubated with metformin + MPTP for four hours in the dark prior to recording. The data
was recorded using the Zebrabox and processed using Fast Data Monitor. The total distance travelled of
each larva between 2100 and 2300 seconds was extracted and analyzed using GraphPad Prism.
Significance was calculated using a Welch’s t-test.

Treatment

P

value

Significantl
y different
(P <0.05)?

Welch- Contro Metformi
correcte I (mm) n (10pM)
dt, df (mm)

MPTP
(10pM

Metformi
n

) (mm)  (10pM)+

MPTP
(10nM)
(mm)




155

Control TL vs
Metformin
(10pM) TL
Control panxla
vs Metformin
(10pM) panxla
Control TL vs
Metformin
(10pM)+ MPTP
(10pM) TL
Control panxla
vs Metformin
(10pM)+ MPTP
(10uM) panxla
TL MPTP vs
Metformin+MPT
P

Panxla-KO
MPTP vs
Metformin+MPT
P

<0.000

<0.000

<0.000

<0.000

0.0327

0.0335

*hk*k

*kkk

*kkk

*hk*k

*

*

t=9.340,
df=1019

t=12.06,
df=886.4

t=20.61,
df=1076

t=25.19,
df=989.2

t=2.142,
df=543.4

t=2.132,
df=479.3

25.57

21.12

25.57

21.12

19.21

12.66

14.29

8.839

12.48

7.188

12.48

7.188



