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Abstract

The neurogenetic disorder duplication 15q syndrome (Dup15q) is characterized by a high
incidence of autism spectrum disorder (ASD) and pharmacoresistant epilepsy. Standard-of-care
broad-spectrum anti-seizure medications (ASM) often fail to control seizures in Dup15q,
emphasizing the need for the identification of new therapeutic compounds. Previously, we
generated a model of Dup15q in Drosophila melanogaster by overexpressing Dube3a in glial
cells, instead of neurons. This model recapitulates the spontaneous seizures present in Dup15q
patients. Here, we screened a set of FDA-approved compounds for their ability to suppress
seizures in repo > Dube3a flies. We used 72 compounds from the Enzo SCREEN-WELL lon
Channel Library for primary screening of seizure suppression. Six compounds were identified that
significantly reduced seizure duration. Furthermore, the compounds that passed the primary and
secondary screenings were associated with K* channels. Glial-specific knockdown of the inward
rectifying potassium (/rk) 2 channel exacerbated the seizure phenotype in these animals indicating
a mechanism of action for drugs that bind irk2, like minoxidil, and can suppress seizures through
the rebalancing of K* extracellularly. This pharmacological and molecular investigation further
supports the role of extracellular K* content in Dup15q seizure activation and provides a putative
target for therapeutic intervention.
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Introduction

Duplications and deletions at the 15q11.2-q13.1 locus are known to result in developmental
disorders, including Prader-Willi syndrome (PWS), Angelman syndrome (AS), and
Duplication 15q syndrome (Dup15q). This locus, also known as the Prader-Willi/Angelman
syndrome critical region (PWACR), is genetically imprinted in mammals (Lusk et al.,
1993). Dup15q syndrome results from duplications of the maternal PWACR, while AS and
PWS are typically the result of a deletion in this same region (Hogart et al., 2010). The
majority of Dup15q syndrome patients have two distinct forms of duplication: 1) interstitial
duplication, which results in one additional copy of the 15911.2-q13.1 locus within the
maternal chromosome, or 2) isodicentric chromosome 15 (idic (15)), which results in the
generation of a supernumerary chromosome with two copies of the locus ligated in an
end-to-end fashion. Notably, idic(15) cases make up ~80 % of all Dup15q cases, and has a
more severe clinical presentation (Lusk et al., 1993).

Children with Dup15qg syndrome often experience high rates of autism spectrum disorder
(ASD), developmental delays, gastrointestinal (GI) dysfunction, behavioral issues, and
pharmacoresistant epilepsy. In idic (15) patients, over 65 % of individuals experience
pharmacoresistant epilepsy (Lusk et al., 1993; Battaglia, 2008). Furthermore, of those who
experience epilepsy, 81 % experience multiple seizure types (Conant et al., 2014). Broad-
spectrum anti-seizure medications (ASM) commonly used to treat seizures prove efficacious
in the short term; however, children with idic (15) will often be placed on two (sometimes
three) ASMs over time because they stop working. Most parents with children who have idic
(15) report these seizures to be the most problematic symptom of the disease (Conant et al.,
2014).

Fortunately, only one gene is paternally imprinted in the 15911.2-q13.1 locus. This gene,
UBE3A, encodes for an E3 ligase known as ubiquitin-protein ligase E3A (UBE3A). This
protein plays a crucial role in the ubiquitin-proteasome system (UPS), monoubiquitinating
substrate proteins for the subsequent polyubiquitin chain that marks them for degradation via
the proteasome (Finley, 2009; Zheng and Shabek, 2017). Imprinted expression of UBE3A,
maternal allele specific, occurs in neurons (LaSalle et al., 2015). However, studies in mice
with increased Ube3a expression in neurons fail to recapitulate the spontaneous seizures
displayed in humans (Copping et al., 2017). This suggests that while neurons undergo
genetic imprinting, they may not be the sole cell type involved in Dup15q pathogenesis.

Alternatively, UBE3A is not imprinted in glia in mice, monkeys and humans (Yamasaki

et al., 2003; Dindot et al., 2008; Judson et al., 2014; Grier et al., 2015), and therefore
expressed from both alleles in glial cells. Prior studies using cultured Ube3a neurons and
glia showed the presence of the paternal antisense transcript (ATS) in neurons but not in
glia (Yamasaki et al., 2003). Brain imaging studies using Ube32M7P* mice show no Ube3a
signal in NeuN* neurons but do show detection of Ube3a in GFAP* glia (Judson et al.,
2014). Recently, a study using rhesus macaque brains confirmed the presence of UBE3A in
SOX9" glia, further supporting the bi-allelic glial expression of UBE3A (Gonzalez Ramirez
et al., 2024). Furthermore, analysis of adult cerebral cortex samples demonstrated UBE3A
expression in both Olig2* and GFAP™* glial cells, conclusively confirming its presence in
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glia (Burette et al., 2018). In cases of interstitial Dup15q syndrome, there are three active
copies of UBE3A in glia, and in idic (15), this number may reach four functional copies

in glial cells. Prior work in our lab using the model organism Drosophila melanogaster
showed that when the Drosophila UBE3A ortholog, Dube3a, is elevated in glia, flies display
seizures, paralleling patients with idic(15) (Hope et al., 2017). Additionally, these flies will
experience spontaneous seizures with overexpression of either Dube3a or human UBE3A,
suggesting a conserved mechanism from flies to humans (Landaverde et al., 2024).

In a previous study, we identified eight small molecules from the Prestwick Compound
Library of previously approved compounds that significantly reduced seizure duration in our
Dup15q fly seizure model (Roy et al., 2020). Here, we screened additional FDA-approved
compounds from an ion channel-specific library (the Enzo Screen Well lon Channel Library)
to identify efficacious drugs for treating seizures in Dup15q patients. We also used drugs
that passed primary and secondary screening to pinpoint a possible mechanism for why
activation of certain K* ion channels suppresses seizures in the Dup15q fly model.

Results

lon channel compound library screen reveals seizure suppression through the

activation of K* channels

For primary screening of seizure suppressing compounds in repo > Dube3a flies we take
advantage of a 30-s window of paralysis as previously described (Roy et al., 2020). After
vortexing the flies, non-seizing flies are separated from seizing flies by letting them crawl
up into a new vial (Roy et al., 2020), while paralyzed flies remain on the bottom. The Enzo
SCREEN-WELL lon Channel Library is comprised of a variety of ion channel agonists
and antagonists. The library’s composition consists of 37 % Ca?*, 33 % K™ agonists, and
30 % Na*, CI~ or Ca*2 inverse agonists (Fig. 1A). To pass the primary screen, >25 % of
flies of the repo> Dube3a genotype (W 118.UAS- Dube3a, repo-GAL4) must actively climb
the sorting apparatus for any given drug. Using this threshold, we identified 11 candidate
suppressor compounds (Table 1). After completing the primary screen, we found that 55 %
of the hit compounds were K* channel suppressors, suggesting a potential mechanism (Fig.
1B).

The 11 compound hits from the primary screen were tested at four different concentrations
in a more rigorous secondary screen using the bang-sensitivity assay (BSA) (Benzer, 1971;
Stone et al., 2014). During the BSA, flies are again vortexed to induce seizures and recovery
times are recorded. Flies are grown on four different drug concentrations for each primary
screen hit compound: 0.04 uM, 0.2 uM, 1 pM, and 5 uM. This allows for the identification
of the lowest effective concentration that suppresses seizure activity in repo > Dube3a

flies. To pass the secondary screen, the compound must reduce the seizure recovery time
significantly and by at least 50 % in males and females compared to their respective

solvent control (DMSO or EtOH). At least one drug concentration must reach a statistical
significance of pyajue < 0.01 compared to control flies.

In the secondary screen, we identified six compounds that significantly reduced seizure
duration (Fig. 2). The drugs that did not pass the secondary screen can be found in Fig. S1.
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Three of the six compounds that passed secondary screening work by targeting K* channels.
These compounds include minoxidil, tolazamide, and NS-1619. The other three compounds
that passed include Ryanodine, which activates Ca2* channels; nitrendipine, which blocks
Ca?* channels; and quinidine, which blocks Na* channels.

In silico scRNA-seq analysis of Drosophila glia confirms Irk2 expression

predominantly in astrocytes

Since three compounds that passed primary and secondary screening target K* channels,
and based on our previous work showing that defects in glial regulation of K* homeostasis
contribute to seizures in this model (Hope et al., 2017), we investigated the hypothesis

that changes in extracellular K* levels affect seizure severity. One drug that passed the
secondary screen, minoxidil, works as an inward rectifying potassium (Irk) channel agonist.
Known as Kj; channels in mammals, Irk channels are crucial for maintaining homeostatic
ion concentrations in neurons and are vital for glial resting membrane potential regulation
(Hibino et al., 2010). To investigate this mechanism, we conducted knockdown (KD)
experiments targeting Irk channels to determine their impact on seizure duration (Hibino

et al., 2010). There are three Irk channels in the Drosophila genome: /rk1, Irk2, and Irk3
(Dahal et al., 2017). In order to determine which channels are expressed in Drosophila
astrocytes and thus would be able to regulate K* in glial cells, we performed /n silico single
cell expression studies to establish the appropriate /rkto use for knockdown studies. This
step is crucial to understanding the mechanism of seizures in this model because astrocytes
play a vital role in maintaining neuronal synapse homeostasis by regulating neurotransmitter
reuptake, releasing neuroactive factors, and, most importantly, buffering ions (Walz, 2000;
Perea and Araque, 2005; Sofroniew and Vinters, 2010).

Using the publicly available single-cell RNA-seq (scRNA-seq) database SCope
(scope.aertslab.org) (Davie et al., 2018, Li, Janssens et al. Li et al., 2022), we analyzed
single cell brain expression data by selecting both pan-glial (repo) and neuronal (nSyb)
markers. T-distributed stochastic neighbor embedding (t-SNE) visualization revealed strong
Irk2 expression in the brain, with notably higher levels in cells identified as glia compared
to neurons (Fig. S2). These findings align with previous studies identifying /rk2as the
predominant isoform in the Drosophila brain (Luan and Li, 2012). To further characterize
glial /rk2expression, we queried the glia SCRNA-seq dataset specifically for repo-positive
cells. The resulting t-SNE visualization showed robust repo expression across all clusters,
confirming their identity as glia (Fig. S3). Next, we categorized these clusters using markers
for distinct glial subtypes: a/rm (astrocytes) and moody (subperineurial glia) (Stork et al.,
2012). Given the crucial role of glia in ion homeostasis, we examined the co-expression

of Irk1, Irk2, and Irk3within the a/rm-positive cluster. Notably, /rk2 expression was
significantly enriched in astrocytes (Fig. 3), identifying /rk2 as the predominant inward
rectifier potassium channel in Drosophila astrocytes.

2.3. Glial knockdown of Irk2 channels exacerbates seizure phenotypes in repo > Dube3a

flies

K* channel activation significantly reduces seizure duration in repo > Dube3a flies,
highlighting the role of K* channels in modulating neuronal excitability in this seizure
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model. Since minoxidil specifically targets Irk channels, we investigated the effect of /rk2
knockdown (KD) on seizure susceptibility. To test this, we expressed an RNAI for /rk2in the
context of glial overexpression of Dube3a. We crossed w118: [ repo-GAL4;UAS-Dube3d]/
X(2:3)ap flies with a UAS-/rk2-RNAJ line, thereby overexpressing Dube3ain all glial

cells while simultaneously knocking down /rk2. Consistent with previous observations,
treatment with 0.04 uM minoxidil, a known K* channel activator, significantly reduced
seizure duration in repo > Dube3a flies compared to those treated with the vehicle control.
However, in repo > Dube3a/Irk2-RNA.i flies, the knockdown of /rkZnullified the therapeutic
effect of minoxidil when compared to repo > Dube3a flies alone (Fig. 4). These results
emphasize the importance of glial Irk2 channels in the regulation of K* clearance during
intensified neuronal excitability. By removing the target of minoxidil (Irk2), the drug is no
longer able to suppress seizure behavior. These results implicate glial Irk2 channels in the
mechanism of seizure suppression by minoxidil.

2.4. Minoxidil treatment rescues intracellular glial K* content in repo > Dube3a flies

Since minoxidil is an Irk2 agonist that suppresses seizure activity in our repo > Dube3a
model we looked for changes in glial K* content as a possible mechanism. Previously we
showed that repo > Dube3a flies have significantly reduced intracellular K* concentration
([K*];) compared to control flies (Hope et al., 2017; Roy et al., 2020). We used ION
Potassium Green — 2 (IPG-2), a known potassium sensing dye, in unfixed adult brains to
assess changes in glial [K*]; levels (Rana et al., 2019). We dissected brains from three-day-
old repo > tdTomato or repo > Dube3a; tdTomato flies treated with either EtOH or 0.04 uM
minoxidil. We then quantified IPG-2 signal in tdTomato positive glia to assess whether the
addition of minoxidil promoted K* uptake. As in our previous seizure suppression study, we
saw a significant [K*]; reduction in repo > Dube3a; tadTomato flies compared to their repo
> tdTomato counterparts (Fig. 5A vs5B). However, repo > Dube3a; tdTomato flies treated
with minoxidil showed complete rescue of [K*]; levels (Fig. 5C). Not only does this data
provide further support for the pharmacological mechanism of minoxidil but also expands
on the crucial role of K* clearance in suppressing gliopathic epilepsy in our model.

3. Discussion

In this study, we applied a proven Drosophila Dup15q syndrome drug screening approach
to identify additional candidate therapeutic compounds that can suppress seizures in our fly
model of Dup15q epilepsy. Using the Enzo SCREEN-WELL lon Channel Ligand Library,
we identified six compounds that significantly reduce seizure duration in repo > Dube3a
flies. In addition, half of the compounds that passed the secondary screening act on K*
channels. /n silico analysis of the Drosophila glial SCRNA-seq dataset (scope.aertslab.org)
determined that /rk2is almost exclusively expressed in glia, with strong expression

in astrocytes. We found that glial-specific knockdown of /rk2exacerbates the seizure
phenotype in repo > Dube3a; Irk2-RNAJ flies even when treated with the K* channel
activator minoxidil supporting our hypothesis that normalizing K* homeostasis is critical
to rescue of the seizure phenotype. Furthermore, using the K* sensing dye IPG-2, we
demonstrated a rescue of [K+]; in repo > Dube3a; tdTomato flies, highlighting not only
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the mechanism of action for minoxidil but also the critical role of K* balance in gliopathic
epilepsy.

There is a significant role for glia in ion buffering, linking K* buffering to epileptogenic
events (Schroder et al., 2000; Clapcote et al., 2009; Haj-Yasein et al., 2011; Heuser et

al., 2012; Du et al., 2018). Neuronal activity induces transient increases in extracellular

K* concentration ([K*],). In conjunction, rises in [K*], have been shown to increase
neuronal excitability (Scharfman, 2007; Seifert and Steinh&user, 2013; Larsen et al.,

2016). These findings emphasize a critical role for astrocytes in maintaining proper ion
balance within the brain. To manage [K*],, astrocytes have been shown to use Na*/K*/CI~
cotransporters, Na*/K* pumps, and K;; channels (Cholet et al., 2002; Bellot-Saez et al.,
2017; Walch et al., 2020). Previously, our lab showed that overexpression of Dube3a

in glia significantly reduces a Na*/K* ATPa ion channel. Using a K* sensing dye, we
showed a significant decrease in glial K* content for repo > Dube3a; tdTomato flies
compared to repo > +, tdTomato control, suggesting ion buffering deficits. Furthermore,
we showed that reintroducing ATPa to Dube3a overexpressing flies significantly reduced
the seizure duration, indicating a critical role in seizure pathogenesis, while the Na*/K*
inhibitor ouabain had the opposite effect (Hope et al., 2017). Our findings here suggest that
the activation of Irk2 channels significantly reduces seizure duration in repo > Dube3a
flies, which aligns with the previous work indicating a role for K* levels in seizure
susceptibility. Pharmacologically activating Irk2 channels in astrocytes with minoxidil helps
reduce neuronal excitability by reducing [K*], (Fig. 6).

The other two drugs that act on K* channels, tolazamide and NS-1619, also showed
significant reductions in seizure duration, but one is an inhibitor of Kir channels.
Tolazamide, a sulfonylurea commonly used to treat type 2 diabetes, targets sulfonylurea
receptors (SURs) on Kir channels in pancreatic beta cells, stimulating insulin release

and lowering blood sugar levels (Graal and Wolffenbuttel, 1999; Harrigan et al.,

2001). Interestingly, while inhibition of Kir channels by tolazamide might initially seem
counterintuitive in the context of seizure reduction, closer examination reveals a plausible
mechanism. In fruit flies, insulin-producing cells (IPCs) secrete insulin-like peptides (ILPs)
that regulate glucose homeostasis (Fernandez et al., 1995; Brogiolo et al., 2001; Rulifson
et al., 2002). Tolazamide’s activation of IPCs likely induces a net decrease in glucose,
which aligns with evidence linking stabilized glucose levels to decreased seizure intensity
(McILwWAIN, 1969; Schwechter et al., 2003; Stafstrom, 2003; Schauwecker, 2012). Given
the fruit fly diet is high in sugar, the observed reduction in seizure duration with tolazamide
may result from its ability to reduce glucose levels, mitigating seizure severity.

NS-1619 selectively activates large-conductance calcium-activated potassium (BK)
channels, which are abundantly expressed in neurons and play critical roles in
neurotransmitter release, muscle contraction, and auditory function (Contet et al., 2016;
Pyott and Duncan, 2016). BK channel activation hyperpolarizes the cell membrane by
facilitating potassium efflux, reducing neuronal excitability. Because of their extensive
expression throughout the human brain, the activation of BK channels by NS-1619 likely
induces global hyperpolarization. This raises the threshold for depolarization, thereby
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decreasing the likelihood of unwanted action potentials in an already hyperexcitable brain
and suppressing epileptiform activity.

While much of our work focused on unraveling the mechanistic role of K* buffering on
seizure susceptibility, we found three other compounds in the screen that had different
mechanisms of action (MoA). Ryanodine, a Ca2* channel agonist, binds ryanodine receptors
(RyRs), releasing Ca?* from the sarcoplasmic reticulum generating muscle contractions.
However, at higher concentrations, ryanodine can lead to paralysis and even death in

both mammals and insects (Marks, 2023). While the drug did pass secondary screening,

it should be noted that it only passed at our lowest concentration, 0.04 uM. Moreover,
concentrations above 0.2 pM became lethal, aligning with previous studies. Another drug,
nitrendipine, is an L-type Ca2* channel (LTCC) blocker used to treat hypertension. LTCCs
are highly prevalent in neurons and muscle cells. It has been shown that LTCCs play a
crucial role in modulating intracellular Ca2* concentrations ([Ca2*];) during a neuron’s basal
state and subthreshold depolarization (Lee, Lee et al., 2023). The regulation of [Ca2*]; is
critical for intracellular signaling cascades that promote neurotransmitter release (Junge et
al., 2004; Lipstein et al., 2013). By pharmacologically blocking LTCCs, one can presume
that this impedes the brain’s net neurotransmission. Thus, the significant reduction in
seizure activity seen in repo > Dube3a flies treated with nitrendipine may be attributed

to reductions in global neuronal excitability by blocking LTCCs. The final ion channel
drug identified, quinidine, is a class |5 antiarrhythmic drug that non-selectively inhibits
cardiac cation channels. Notably, in cases of KCNT1-related epilepsy, quinidine has been
shown to have moderate success (Mikati et al., 2015; Liu et al., 2023; Gras et al., 2024).
KCNT1 encodes for a sodium-activated potassium channel (Kys1.1). Gain-of-function
Knal.1 variants increase hyperexcitability, explaining why treatment with a non-specific
cation blocker like quinidine has shown moderate efficacy.

While our findings emphasize the role of K* buffering deficits in Dube3a-induced seizure
susceptibility, the identification of compounds targeting non-K* channels suggest additional
contributing mechanisms. The effectiveness of nitrendipine and quinidine implies that
disruptions in Ca2* and broader cation homeostasis may also play a role in seizure
pathogenesis. Additionally, the seizure-suppressing effect of tolazamide suggests a potential
metabolic component, as astrocytes regulate glucose availability for neuronal function
(Staricha et al., 2020). Moreover, given the critical role of astrocytes in neurotransmitter
clearance, Dube3a overexpression may impair glutamate uptake, leading to heightened
seizure susceptibility (Mahmoud et al., 2019). Future studies will be needed to disentangle
these mechanisms and determine their relative contributions to Dup15q-associated epilepsy.

In summary, here we identified six FDA-approved compounds that show potential for
reducing seizure severity in individuals with pharmacoresistant Dup15g-associated epilepsy
by specifically targeting ion channels in both glia and neurons. Furthermore, results from
the screen combined with /rk2 KD experiments highlight a potential link between astrocytic
K™ spatial buffering deficits, driven by Dube3a overexpression, and the development of
pharmacoresistant epilepsy in Dup15q syndrome. Since human UBE3A is not imprinted in
glial cells (Yamasaki et al., 2003), it is potentially elevated in astrocytes in the human brain,
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making our model and this work directly translational in treating Dup15¢ pharmacoresistant
epilepsy.

4. Methods and materials

4.1.

Fly stocks and drug screening

Fly stocks were maintained on standard Drosophila corn meal media (Bloomington Stock
Center) at 25 °C on a 12-h light/dark cycle. The following line was acquired from the
Bloomington Drosophila Stock Center (BDSC): UAS-/rk2-RNAI (BDSCH#, 58,333). All
other lines used in these studies can be provided upon request.

4.2. Compound preparation

The SCREEN-WELL lon Channel Ligand Library was acquired from Enzo Life Sciences.
This library comprises 70 FDA-approved ion channel blockers and openers that are

ideal candidates for our drug screening purposes. All compounds were dissolved in the
appropriate solvent (DMSO or EtOH) and mixed with standard corn meal medium at a final
working concentration of 1 uM. For the secondary screen, all compounds were dissolved and
mixed with standard corn meal medium at working concentrations of 0.04 pM, 0.2 uM, 1
UM, and 5 UM.

4.3. Primary drug screen

The primary screen was essentially performed as in Roy et al., 2020 (Roy et al., 2020).
Briefly, to avoid unanticipated behavioral issues during our screening, flies were not exposed
to CO,, for at least two days before testing. 3-5-day-old flies in both the drug and non-

drug groups were transferred to empty vials and then subjected to 10 s of vortexing at
maximum speed. Afterward, within a 30-s critical window, flies were separated (seizing vs.
non-seizing) with the help of a previously described fly sorting apparatus (Roy et al., 2020).
The apparatus used was comprised of a 50 mL falcon tube cut at both ends with a small
funnel at the top and placed in a petri dish. Seizing flies are poured down the funnel into
the cut falcon tube. Quickly, the funnel is replaced with a second tube, which exploits the
innate negative geotaxis of the fruit fly and allows for separation. After 30 s, the petri dish
containing the seizing flies and the tube containing the recovered flies are quickly capped.
Flies within the petri dish (seizing) and the tube (recovered) are then counted for analysis.
Both repo > Dube3a and UAS-Dube3a; TM3, Sbflies were counted during the primary
screen. However, because only the repo > Dube3a flies experienced seizures, we only use
these values to calculate the percent suppression.

4.4. Secondary drug screen

Secondary screening was also performed as in Roy et al., 2020 (Roy et al., 2020). For the
secondary drug screen, flies were sorted by genotype and gender three days before testing
to avoid CO2-related complications. Male and female repo > Dube3a flies were transferred
to fresh food vials containing the corresponding drug of interest. Once flies mature to 3-5
days old, they are anesthetized by placing them on ice for 2-3 min. Flies are then distributed
to empty fly vials for BSA analysis, with no more than five flies per vial. After at least one
hour of recovery, flies are subjected to vortexing at max speed for 10 s. Each fly has its total
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recovery time recorded. Total recovery is defined by the time it takes for the fly to stand up
and move freely in the vial. For each compound, a minimum of 30 male and female animals
are tested in the BSA to ensure statistical power.

4.5. Glial cell K* content assay

IPG-2 AM is a cell-permeable potassium (K*) indicator. Three-day-old repo > tdTomato

or repo > Dube3a;, tdTomato flies were reared on food containing either EtOH (control) or
0.04 uM minoxidil. Flies were anesthetized, and their brains were dissected and stored in
Drosophila saline solution. The Drosophila saline solution is comprised of the following

(in mM): 128 NaCl, 1.8 CaCl, 2 KCI, 5MgCls, 36 sucrose, 5 HEPES pH 7.2. The

dissected brains were incubated for one hour in Drosophila saline containing 4.4 uM IPG-2.
Following incubation, brains were washed twice in fresh Drosophila saline and wet-mounted
in Drosophila saline on microscope slides. Optic lobes were imaged using an Olympus
BX51 microscope with a 60x oil immersion lens and colour filters for tdTomato and IPG-2
fluorescence. For each condition, 20 tdTomato positive cells per optic lobe were analyzed
across at least six flies. Each animal had all cells from each animal were averaged and
normalized to the repo > tdTomato control condition.

4.6. Data analysis

All data analysis was performed using Prism 10 (GraphPad). The secondary BSA, the /rk2
KD, and IPG-2 analysis was performed using one-way ANOVA with Dunnett’s multiple
comparison test. For all statistical tests, we set the a to 0.05. All graphs shown are mean +
SEM. pyalge are as follows: *p < .05, ** p< .01, *** p<.001, **** p<.0001. All figures
were generated using Adobe Illustrator (Adobe).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Primary screening identifies K* agonists as a likely mechanism of seizure suppression

in repo > Dube3aflies. A) Pie chart illustrating the distribution of physiological targets

for all 70 compounds in the Enzo SCREEN-WELL lon Channel Library. 33 % target

K* channels, 37 % target CaZ* channels, 10 % target intracellular Ca2* channels, 14 %
target Na* channels, and 6 % target ClI— channels. B) Pie chart showing the breakdown of
physiological targets for the 12 compounds that successfully passed the primary drug screen.
Notably, 55 % of these compounds target K* channels.
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Fig. 2.

Secondary screen reveals six compounds that significantly reduce seizure duration in repo
> Dube3aflies. Mean recovery times for male and female repo > Dube3aflies raised on
either control food (solvent only) or drug food. The green line represents a 50 % reduction
in recovery time compared to the control. Of the 11 compounds evaluated during secondary

screening, six were able to improve recovery time by 50 % in both males and females.

Analysis by one-way ANOVA pyaiue < 0.05 for significance. Error bars are mean + SEM.
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Fig. 3.

Gﬁal scRNA-seq analysis reveals the expression of /rk2primarily in Drosophila astrocytes.
In silico glial sScCRNA-seq analysis in Drosophila, visualized using t-distributed stochastic
neighbor embedding (t-SNE), reveals distinct clustering of glial subtypes. The green clusters
correspond to rrv2-positive ensheathing, subperineurial, cortex, and astrocytic glia. The

red cluster represents /mood)y-positive subperineurial glia, while the blue cluster identifies
alrm-positive astrocytes. Co-expression analysis of /rkl, IrkZ, and /rk3reveals that /rk2is
exclusively expressed in alrm-positive astrocytes. (scope.aertslab.org).
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Seizures in /rk2 glial-specific KD animals are not rescued by minoxidil. Seizure recovery
times were analyzed in both male and female flies across the following genotypes and
treatments: repo > Irk2-RNAIA, repo > Dube3ai, repo > Dube3atreated with 0.04 uM
minoxidil, repo > Dube3a/lrk2-RNAI, and repo > Dube3a/Irk2-RNAJ treated with 0.04 pM
minoxidil. In both sexes, repo > Dube3a/lrk2-RNAI flies displayed significantly longer
recovery times compared to repo > Dube3a/+ flies. While the addition of minoxidil had no
significant effect on recovery times in males with the repo > Dube3a/Irk2-RNAJ genotype, it
significantly increased recovery times in females compared to repo > Dube3a/+. Analysis by
one-way ANOVA pyaue < 0.05 for significance. Error bars are mean £ SEM.
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repo>+

Minoxidil

Fig. 5.

M?noxidil treatment of repo > Dube3a flies rescues glial intracellular K* content. Drosophila
brains incubated in IPG-2 K* sensing dye (ION Biosciences). A) Representative image of
repo > tdTomato show basal [K*]; in the Drosophila brain. B) Representative image of repo
> Dube3a, tdTomato treated with EtOH show a net decrease in [K*];. C) Representative
image of repo > Dube3a, tdTomato treated with 0.04 pM minoxidil show rescue of the

[K*];. D) Normalized fluorescent quantification for 60x images (A-C). IPG-2 quantification
displays a significant rescue of [K+]; in glia for repo > Dube3a, tdTomato treated with
minoxidil. Zoomed in panels represent an example of corresponding IPG-2 quantified repo >
Dube3a; TdTomato positive cells. For each condition, a minimum of six flies were analyzed,
with at least 120 cells examined per condition. Analysis by one-way ANOVA pyaiue < 0.05
for significance. Error bars are mean £ SEM.
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repo>Dube3a (+Minoxidil)

Presynaptic
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Proposed mechanism by which astrocytic Irk2 activation reduces neuronal excitability. A) In
pathological conditions, UBE3A overexpression leads to the ubiquitin-mediated degradation
of the Na*/K* ATPase (ATPa), impairing astrocytic K* clearance, resulting in elevated
extracellular potassium ([K*],) levels, which contributes to neuronal hyperexcitability. B)
Activation of astrocytic Irk2 channels, through agonists like minoxidil, promotes K* influx
into astrocytes, counter-balancing elevated [K*], and reducing the likelihood of unwanted
action potentials.
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