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ABSTRACT

Tauopathies including Alzheimer’s disease, are characterized by progressive cognitive decline,
neurodegeneration and intraneuronal aggregates comprised largely of the axonal protein Tau. It has
been unclear whether cognitive deficits are consequent of aggregate accumulation which compromise
neuronal health and eventually lead to neurodegeneration. We use the Drosophila Tauopathy model
and mixed sex populations to reveal an adult onset pan-neuronal Tau accumulation-dependent
decline in learning efficacy and a specific defect in Protein Synthesis Dependent Memory (PSD-M), but
not in its Protein Synthesis Independent variant. We demonstrate that these neuroplasticity defects
are reversible upon suppression of new transgenic human Tau expression, but surprisingly correlate
with an increase in Tau aggregates. Inhibition of aggregate formation via acute oral administration of
Methylene Blue results in re-emergence of deficient memory in animals with suppressed hTau®
expression. Significantly, aggregate inhibition results in PSD-M deficits in hTau®™*®-expressing animals,
which present elevated aggregates and normal memory if untreated with Methylene Blue. Moreover,
Methylene Blue-dependent hTau®™*® aggregate suppression within adult mushroom body neurons,
also resulted in emergence of memory deficits. Therefore, deficient PSD-M upon human Tau
expression in the Drosophila CNS is not consequent of toxicity and neuronal loss because it is
reversible. Furthermore, PSD-M deficits do not result from aggregate accumulation, which appears

permissive, if not protective of processes underlying this memory variant.

SIGNIFICANCE STATEMENT

Intraneuronal Tau aggregate accumulation has been proposed to underlie the cognitive decline and
eventual neurotoxicity that characterizes the neurodegenerative dementias known as Tauopathies.
However, we show in three experimental settings that Tau aggregates in the Drosophila CNS do not
impair, but rather appear to facilitate processes underlying Protein Synthesis Dependent memory

within affected neurons.



INTRODUCTION

Tauopathies, involve dysregulation of the essential neuronal microtubule (MT)-associated
protein Tau and are the most widespread neurodegenerative dementias including Alzheimer’s (AD)
and Pick’s (PiD) diseases among others (Spillantini and Goedert 1998, Lee et al. 2001, Delacourte 2005,
Zhang et al. 2022). There are 6 Tau isoforms in the human Central Nervous System (CNS) arising by
alternative splicing of a single transcript (Andreadis et al. 1995, Arendt et al. 2016, Zhang et al. 2022)
and are engaged in multiple intraneuronal processes including axonal microtubule stability and
function (Wang and Mandelkow 2015, Sotiropoulos et al. 2017).

Although the initiating mechanisms remain largely elusive, pathogenic transformation of
physiological Tau isoforms is characterized by their hyper-phosphorylation and eventual aggregate
formation (Alonso et al. 2001, Cowan and Mudher 2013, Arendt et al. 2016). This has led to
hypotheses positing that aggregates act as “gain of function” mutations (Trojanowski and Lee 2005),
obstructing housekeeping or neuroplasticity mechanisms and mediate neuronal dysfunction, toxicity
and neurodegeneration (Wang and Mandelkow 2015, Arendt et al. 2016, Zhang et al. 2022). However,
the contribution of aggregates, such as the characteristic Neurofibrillary tangles (NFTs) in neuronal
dysfunction and neurodegeneration has been questioned (Spires-Jones et al. 2009, Spires-Jones et al.
2011, Wang and Mandelkow 2015). Typically, NFT formation is preceded by cognitive deficits
(Andorfer et al. 2005) and their presence generally does not correlate with cognitive deficits in mouse
Tauopathy models (Santacruz et al. 2005, Sydow et al. 2011, Van der Jeugd et al. 2012). In Drosophila,
pharmacological, or genetic inhibition of hyper-phosphorylation which reverses Tau mediated
dysfunction is reported to be accompanied by increased Tau aggregation (Cowan et al. 2015).
Furthermore, inhibition of Tau aggregation in clinical trials did not benefit AD patients or ones with
the behavioural variant of Frontotemporal Dementia (Wischik et al. 1996, Wischik et al. 2015,
Gauthier et al. 2016, Shiells et al. 2020). Therefore, though larger Tau aggregates such NFTs may
eventually mediate neuronal death and underlie neurodegeneration, they appear unlikely to be causal
of neuronal dysfunction and initial cognitive deficits.

Tau is proposed to form extended B-sheet amyloid-like filamentous inclusions with structures
characterizing distinct Tauopathies (Shi et al. 2021), via a stepwise mechanism involving a number of
apparent intermediates. Pathologically hyper-phosphorylated Tau is thought to form oligomers such
as dimers and trimers, which act as intermediates and promote formation of larger globular oligomers,
which aggregate further adopting B-sheet conformations, to yield filaments and eventually NFTs
(Sahara et al. 2007, Sahara et al. 2008, Patterson et al. 2011, Kaniyappan et al. 2017). Small oligomers,
comprised of few to a dozen monomers are thought to be soluble, while larger insoluble ones are

referred to as granular oligomers or GTOs (Cowan et al. 2015). Significantly, the small oligomers have



been linked to neuronal dysfunction and synaptotoxicity (Kaniyappan et al. 2017), whilst the larger
ones form in conditions associated with suppression of these phenotypes (Cowan et al. 2015).

We aimed to determine whether Tau aggregation underlies cognitive deficits capitalizing on
the genetic facility of a Drosophila Tauopathy model (Papanikolopoulou and Skoulakis 2011, Giong et
al. 2021). Human Tau isoform-encoding transgenes expressed in the adult Drosophila CNS result in
isoform and time-dependent deficits in associative learning (Mershin et al. 2004, Kosmidis et al. 2010,
Papanikolopoulou and Skoulakis 2015, Sealey et al. 2017, Keramidis et al. 2020) and memory (Prifti et
al. 2022). The exquisite spatiotemporal regulation of transgene expression in this system (McGuire et
al. 2004, McGuire et al. 2004), affords precise description of Tau pathogenic modifications ostensibly
underlying learning deficits (Papanikolopoulou and Skoulakis 2015) and the formation of high
molecular weight aggregates (Cowan and Mudher 2013, Papanikolopoulou and Skoulakis 2015, Sealey
et al. 2017). Utilizing regulated spatiotemporal expression in the fly CNS of two human Tau isoforms,
one known to precipitate learning defects and another which does not (Sealey et al. 2017), we ask

whether the presence of aggregates correlates with memory deficits.



MATERIALS AND METHODS

Drosophila culture and strains

Drosophila crosses were set up en masse in standard wheat-flour-sugar food supplemented with soy
flour and CaCl, and cultured at 18°C and 50-70% humidity in a 12 h light/dark cycle unless noted
otherwise. Adult-specific pan-neuronal and pan-mushroom body transgene expression was achieved
using the Elav®®™-Gal4; Tub-Gal80% (ElavGal4;Gal80%)(Papanikolopoulou and Skoulakis 2015) or
LeoMB-Gal4; Tub-Gal80"™ (LeoGal4;Gal80") (Papanikolopoulou et al. 2019), respectively. The fly line
carrying UAS-htau®™“® (ON4R) was a gift of Dr. M. Feany (Harvard Medical School, Boston, MA, United
States) and UAS-hTau®3® of Dr A. Mudher (University of Southampton). The generation of UAS-
hTau®4*2! transgene has been described previously (Keramidis et al., 2020). The bacterial plasmid

ON4R jsoform was a kind gift from Dr. Martin Chow (University of

pPGEX-5x expressing the hTau
Kentucky). The cDNA was subcloned into pUASattB vector (Bischof et al. 2007) as a Bglll/Xbal
fragment. The sequence of the construct was confirmed by dsDNA sequencing (VBC-biotech).
Transgenic flies were generated by phiC31-mediated transgenesis by BestGene Inc. (Chino Hills, CA,
USA). DNAs were injected into genomic landing site 53B2 and ZH-86Fb on the second (ON4R?!) and
third (ON4R*2) chromosomes respectively (BDSC #9736 and BDSC#24749 respectively). The double Tau
transgene strain (ON4R%*) was constructed by standard genetic crosses of the above transgenes
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(ON4R?! and ON4R?2). All initial fly strains were backcrossed into the resident Cantonized w8 control

background for six generations.

Drug feeding

Adult flies were collected and maintained on standard food supplement with Methylene Blue (MetBlu,
Sigma) in the concentrations indicated in the text. Flies were transferred to fresh vials every 2 days.

Lifespan determination

Flies accumulating hTau®*® or hTau®3R under Elav*'**>-Gal4; Tub-Gal80" were raised at 18°C along with
control driver heterozygotes. Groups of 20 young male flies (1-3 d old) were collected and maintained
at the transgene-expression permissive temperature of 30°C until they expired. Flies were transferred
to fresh vials every 3 days. For the drug experiments, flies were transferred to fresh food supplement
with Methylene Blue every 2 days. At least 300 flies were assessed per genotype.

Behavioral analyses

Animals expressing UAS-hTau®™™*® or UAS-hTau®3® under the control of the Elav‘*>-Gal4; Tub-Gal80®*
or LeoMB-Gal4; Tub-Gal80" drivers were raised at 18°C. Upon eclosion they were collected in fresh
bottles or vials and transgene expression was induced by placing them at 30°C for 6 or 12 days. For
expression reversal experiments, pan-neuronal transgene expression was allowed for 12 days at 30°C

as before, but it was followed by 10 days of maintaining the flies at 18°C as described in the text and



flies were transferred to fresh vials with or without Methylene blue every 2 days. Flies on Methylene
blue for behavioral testing were transferred to fresh vials without the drug for 1 h before conditioning
commenced.

All associative learning and memory experiments were performed under dim red light, at 25°C and
70-75% humidity, in a genotype-balanced manner. All genotypes involved in an experiment were
tested per day. Olfactory aversive conditioning was performed as previously described (Keramidis et
al. 2020) using the aversive odors benzaldehyde (BNZ) and 3-octanol (OCT) diluted in
isopropylmyristate (Fluka) (6% v/v for BNZ and 50% v/v for OCT) as conditioned stimuli (CS+ and CS-)
with 90 Volt electric shocks as unconditioned stimuli (US). One hour before training flies were
transferred to fresh food vials. To assess immediate memory (learning), a group of 50-70 flies were
tested immediately after a single training cycle consisting of the CS + odor for 40 sec paired with eight
90V shocks, 30 sec air, and CS- odor for 40 sec without shock and then 30 sec of air. To assess
immediate performance (learning) after 5-round Extended Conditioning (5X Immediate), flies were
tested immediately after five training cycles each consisting of the CS + odor for 60 sec paired with 12
90V shocks, 30 sec air and CS- odor for 60 sec without shock and then 30 sec of air, with 15 min rest
intervals between rounds. For 24-hr memory after Spaced Conditioning (PSD-M) flies were submitted
to 12 US/CS pairings per round and five such training cycles with a 15 min rest interval between cycles
as above, but they were kept at 18°C for 24 h before testing. For 24-hr memory after Massed
Conditioning (PSI-M), flies were submitted to 12 US/CS pairings per round and five such rounds of
training, without the 15 min inter-round interval. The flies were also kept at 18 °C until tested 24 hrs
later. In all above experiments, two groups of animals of the same genotype were trained
simultaneously with the CS+ and CS- odors switched. Both groups of flies were tested in a T-maze
apparatus being allowed to choose between the two odors for 90 sec. A performance index (Pl) was
calculated as described before (Keramidis et al. 2020) and represents n=1.

RNA extraction and RT-PCR

Total RNA was extracted using Trizol Reagent (Sigma Millipore) following the manufacturer’s
instructions. Reverse transcription reaction was conducted using SuperScript Il Reverse Transcriptase
(Invitrogen) and 1ug cDNA from each RT reaction were then subjected to PCR using the following
conditions: at 95°C for 10 min, followed by 28 cycles of 95°C for 60 sec, 62°C for 40 sec, and 72°C for
60 sec. A final extension step at 72°C for 10min was performed and the PCR products were analyzed
by agarose gel electrophoresis. The ribosomal gene rp49 was used as a normalizer. The primers used
were: Tau-F:5'-CCCGCACCCCGTCCCTTCC-3"; Tau-R:5'-GATCTCCGCCCCGTGGTCTGTCTT-3"; rp49-F:5'-
GATCGTGAAGAAGCGCAC-3’; and rp49-R: 5'-CTTCTTGAATCCGGTGGG-3'. AQuantification was

performed using the ImagelJ software.



Western Blot and Antibodies

Total Tau levels in 3—6 adult female heads were determined by homogenization in 1x Laemmli buffer
(50mM Tris, pH 6.8, 5% 2-mercaptoethanol, 2% SDS, 10% glycerol, and 0.01% bromophenol blue),
boiling for 5 min at 95°C, centrifugation for 5 min at 11,000g and separation in 10% SDS-acrylamide
gels. Proteins were transferred to PVDF membranes and probed with mouse monoclonal anti-Tau
(5A6, Developmental Studies Hybridoma Bank) at a 1:1,000 dilution. Anti-syntaxin (Syx) primary
antibody (8C3, Developmental Studies Hybridoma Bank) at a 1:3,000 was used to normalize sample
loading. HRP-conjugated secondary antibodies were applied at 1:5,000, the signal was detected by
chemiluminescence (Immobilon Crescendo, Millipore) and quantified by densitometry with the Image
Lab 5.2 program (Bio-Rad).

Tau solubility assay

For the extraction of insoluble Tau species with SDS, adult fly heads were homogenized in TBS/sucrose
buffer (50mM Tris—HCI, pH 7.4, 175mM NaCl, 1 M sucrose, 5mM EDTA supplemented with protease
and phosphatase inhibitors) as described in (Sealey et al. 2017, Prifti et al.). The samples were then
spun for 2 min at 1,000 g and the supernatant was centrifuged at 200,000g for 2h at 4°C. The resulting
supernatant was regarded the “soluble fraction” and the pellet was re-suspended in 5% SDS/TBS
(50mM Tris—HCI pH 7.4, 175mM NaCl, 5% SDS) and centrifuged at 200,000g for 2 h at 25°C. The
supernatants were collected as the SDS-soluble, aqueous-insoluble fraction. All samples were diluted
in 2X Laemmli buffer and boiled for 5 min at 95°C. Equivalent volumes were loaded and analyzed by
immunoblotting.

Atomic Force Microscopy (AFM)

To extract the insoluble Tau fraction enriched for filaments and excluding granular tau (GTOs), 50 adult
fly heads were homogenized in TBS/sucrose (50mM Tris-HCl pH 7.4, 175mM NaCl, 1 M sucrose, 5mM
EDTA and protease inhibitor cocktail) as described in (Sealey et al. 2017, Prifti et al.). The samples
were then spun for 2 min at 1000g and the supernatant was centrifuged at 100,000g for 30 min at
4°C. The resulting supernatant included the aqueous soluble fraction and monomeric Tau “NS1”. The
pellet was re-suspended at room temperature in 5% SDS/TBS buffer and spun at 100,000g for 30 min
at 25°C. The resulting “NP1” pellet was washed three times with water to remove residual SDS and re-
suspended in 1X PBS. The pellet sample was placed in a freshly cleaved 10 mm mica disc (Agar
Scientific) and incubated at room temperature for 5 minutes to allow absorbing. Samples were rinsed
4 times with ultrapure water and dried with compressed air. Samples were imaged in air with a digital
multimode Nanoscope IV AFM operating in tapping mode with an Aluminum coated non-

contact/Tapping mode probe with a resonance frequency of 320 kHz and force constant of 42N/m



(Nanoworld, POINTPROBE NHCR). Representative images were taken at random points on the sample
with a scan rate of 1Hz-2Hz. The acquired images were processed by WSXM software.

Experimental Design and Statistical analyses

For all experiments, controls and experimental genotypes were tested in the same session in a
balanced design. Genotypes were trained and tested in a random order. Performance indexes in
behavioral experiments were analyzed parametrically with the JMP 7.1 statistical software package
(SAS Institute) and plotted using Graph Pad Prism 9.5. Following an initial positive ANOVA, the means
were compared to the control with planned multiple comparisons using the Least Squares Means
(LSM) approach or with Dunnett’s tests as indicated. Survival curves were compared at each
assessment day using Wilcoxon/Kruskal-Wallis tests. The means and SEMs from each genotype for the
days with significant differences were compared using the Steel with control tests. Quantification of
all Western blots was performed by densitometry. Tau levels were normalized using the Syntaxin (Syx)
as a loading control and are shown as a ratio of their mean +SEM values relative to respective levels
of the control genotype, which was set to 1. The means were compared following an initial positive
ANOVA, using Dunnett’s tests relative to the designated control. All statistical details are presented in

the text and the relevant tables.



RESULTS

ON4R 3ccumulation in the adult CNS.

Deficient Protein-Synthesis-Dependent Memory upon hTau

Deficient associative learning was reported to emerge in a time-dependent manner after 12
days of pan-neuronal adult-specific expression of hTau®™*? (Papanikolopoulou and Skoulakis 2015,
Sealey et al. 2017). As before (Keramidis et al. 2020), we used the well-established negatively
reinforced olfactory conditioning assay to assess learning and consolidated memory forms (Tully et al.
1994). Learning was normal after 6 days of hTau®™** expression (FiglA: ANOVA: Fs74=17.6063,
p=3.3x10, subsequent LSM planned comparisons with both control strains (6days): p=0.2303 and
p=0.7165 respectively), but a strong learning deficit emerged by day 12 (Fig 1A. LSM planned
comparisons with both controls (12 days): p<0.0001 from both). This verified independently the
previously reported (Papanikolopoulou and Skoulakis 2015) time-dependent manifestation of
neuronal dysfunction in this Drosophila Tauopathy model. To determine whether deficits in
consolidated memory emerge with the same time-dependence, performance was assessed 24 hrs
post-training with 5 rounds of Spaced Training, known to yield Protein-Synthesis-Dependent Memory
(PSD-M) (Tully et al. 1994). PSD-M appeared intact for 6 days of hTau expression (Fig 1B. ANOVA:
F(s,67=10.433, p=2.7x107, subsequent LSM planned comparisons with both controls (6days): p=0.8911

and p=0.3287 respectively). However, a robust deficit was evident after 12 days of hTau®*R

expression
(Fig 1B. LSM planned comparisons with both controls (12days): p=0.0025 and p=0.0089 respectively).

These robust learning and memory deficits raised the question of whether the 12-day
accumulation of pathologically hyper-phosphorylated hTau®*® (Papanikolopoulou and Skoulakis
2015), affects processes underlying neuronal dysfunction specifically, or the deficits are consequent

of nonspecific neurotoxicity. To probe whether flies after 12 days of hTau®4*

expression are learning
competent, immediate performance (learning) after 5-round Extended Conditioning of 12 CS/US
pairings each (Gouzi et al. 2018) was assessed. This conditioning regime yielded identical learning for
hTau®™*R-accumulating animals and controls (Fig 1C. ANOVA: F(240=3.136, p=0.0549). Therefore,
although hTau®™*® accumulation in the adult Drosophila CNS compromises learning, the deficit can be
rescued by over-conditioning, suggesting that it results from compromised learning rate as reported
before for Drosophila mutants (Moressis et al. 2009), rather than ability to learn consistent with
neuronal loss.

In addition, the Massed Conditioning-elicited Protein-Synthesis-Independent Memory (PSI-M)
(Tully et al. 1994), was not affected after 12 days of hTau®™*f accumulation (Fig 1D. ANOVA:
F2,47=3.202, p=0.0501). Because of the two consolidated memory types PSD-M is preferentially

ON4R

compromised, hTau accumulation appears to impair translation in affected neurons, in accord to

recent suggestions (Papanikolopoulou et al. 2019), but spares the translation-independent PSI-M. It



appears then, that adult CNS-limited hTau®*® accumulation compromises specific plasticity processes
and behavioral outputs, arguing against the impairments resulting from neurotoxicity and neuronal
death, which would likely affect neuroplasticity rather indiscriminately.

ON4R_ancoding transgenes (ON4R?! and

To verify these surprising results, two independent hTau
ON4R?*?) on different chromosomal sites (attp9A and attp86F) were generated. However, expression
of both of these site-specific inserted transgenes was low and they were combined in a double
transgenic strain ON4R% to approximate hTau levels yielded by the single ON4R transgene (Wittmann
et al. 2001) transgene (Fig 1E. ANOVA: F;315=135.648, p=4.3x10", subsequent LSM planned
comparisons with ElavGal4;Gal80*>0N4R: p=4.9x10!, p=2.9x10!! and p=2.4x10" respectively).
Consistent with the results above (Fig 1A) adult specific pan-neuronal expression of hTau®4R? for 12
days resulted in impaired learning upon a single round of 8 CS/US pairings (Fig 1F. ANOVA:
F(2,35=143.048, p=5.5x10", subsequent LSM planned comparisons with both controls: p=2.5x10®and
p=9.5x10"* respectively), which however was eliminated upon Extended Conditioning (Fig 1H.
ANOVA: F2,27)=3.119, p=0.062). Nevertheless, this spaced conditioning regime resulted in impaired
PSD-M (Fig 1G. ANOVA: F(;42=13.829, p=2.7x10, subsequent LSM planned comparisons with both
controls: p=0.0001 and p= 1.9x10°), but left PSI-M intact (Fig 1I. ANOVA: F(;34=2.963, p=0.0659).
These results confirm with an independent transgenic strain that adult-specific pan-neuronal hTau®

accumulation results in impaired, but not abolished associative learning and specific attenuation of

PSD-M.

Tau insoluble aggregate accumulation correlates with reversal of the PSD-M deficit.

Because the effects of hTau accumulation on neuroplasticity appeared specific to PSD-M and
even learning deficits were ameliorated with overtraining, we hypothesized that the CNS is unlikely to
have sustained extensive neurodegenerative damage. If the fly CNS were not damaged, then
repressing expression of the hTau transgene would reduce the hTau®*® load, which could attenuate
the neuroplasticity deficits as in vertebrate models expressing the FTDP-linked mutant hTau®
(Santacruz et al. 2005, Sydow et al. 2011, Van der Jeugd et al. 2012). To that end, adult-specific pan-
neuronal hTau®™*® transgene expression was permitted for 12 days at 30°C as before
((Papanikolopoulou and Skoulakis 2015) and Fig 1), but it was followed by 10 days of maintaining the
flies at the non-permissive for transgene expression 18°C (McGuire et al. 2004). Another group of flies
of the identical genotype were maintained as adults for 10 days at 18°C and then switched to
transgene-inducing 30°C for 12 days (Fig 2A). Therefore, in the two groups of genotypically identical

ON4R

and of similar age animals, hTau is either repressed for 10 days following 12 days of expression

(OFF), oritis expressed for 12 days (ON) after 10 days of repression. Transgene expression levels under
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these conditions were assessed on day 22 post adult emergence and revealed (Fig 2B. ANOVA:
F(1,13=99.548, p=3.7x107), at least a 50% reduction in htau®"*f transcripts upon transgene repression
(OFF), relative to its expression under permissive conditions (ON). In contrast protein levels remained
equivalent if not somewhat elevated under transgene transcriptional repression conditions (Fig 2C.
ANOVA: F(1,12=1.012, p=0.3327), indicating that the hTau®™*® protein is rather stable in the fly CNS.
Sustained accumulation of hTau in the fly (Cowan et al. 2015, Papanikolopoulou and Skoulakis
2015), or vertebrate CNS (Santacruz et al. 2005, Wang and Mandelkow 2015) results in turnover-
resistant aggregate formation. Therefore, we aimed to determine whether the apparently stable

levels of hTau®N4R

protein under transcriptional attenuation result from aggregate accumulation. Total
head lysate proteins from flies with the ON4R and ON4R? transgenes transcriptionally active for 12
days (ON), or inactive for 10 days (OFF), were fractionated and hTau®™*® |evels were quantified in the
soluble and insoluble fractions. Interestingly, soluble hTau®™? |evels remained unchanged, if not
somewhat decreased, irrespective of whether the ON4R and ON4R?? transgenes were ON, or OFF (Fig
2D. ANOVA: F(1,11)=0.145, p=0.711 for hTau®™*® and F(113)=4.262, p=0.061 for hTau®*"?? respectively).
However, insoluble hTau was elevated when the transgenes were transcriptionally inactive (Fig 2E.
ANOVA: F(1,11)=9.191, p=0.0126 for and F(1,9=11.556, p=0.0094 for hTau®™**?? respectively). Therefore,
aggregates accumulate in the fly CNS, ostensibly formed from pre-existing soluble hTau and likely
account for the apparently stable levels of the protein even after 10 days without new transgene
transcription (Fig 2B).

Importantly, silencing transgene transcription (OFF) for 10 days after 12 days of expression,
resulted in recovery of the PSD-M deficit compared to the significantly attenuated memory of animals
expressing hTau®™*® (ON). For hTau®™*® (Fig 2F): ANOVA: F(330=12.466, p=9.6x10®, subsequent LSM
planned comparisons with ElavG4;Gal80">0N4R (OFF) and ElavG4;Gal80">0N4R (ON): p=0.0015;
while in comparison to w!!¥>0N4R p=0.0099. Conversely, for hTau®™**?® (Fig 2G): ANOVA:
Fi3,43=17.761, p=1.5x10"7, subsequent LSM planned comparisons with ElavG4;Gal80*>0N4R** (OFF)
and ElavG4;Gal80*>0N4R* (ON): p=0.002; while in comparison to w'!®>0N4R* p=7.1x107).
Moreover, PSD-M was not affected by the temperature switching regimes in ElavG4;Gal80%> w18
controls (Fig 2H ANOVA: F(1,15=0.018, p=0.8959), indicating that the differences in PSD-M in the
experimental animals are not consequent of the experimental manipulations.

These results are consistent with the notion that neuronal dysfunction manifested as memory
deficits, is not consequent of irreversibly damaged, or degenerating CNS neurons, but rather of
reversibly impaired processes essential for PSD-M. Considering that transcriptional silencing of the
transgenes elevates insoluble hTau, the results suggest that such aggregates not only do not

precipitate neuronal dysfunction, but may in fact suppress, or prevent it. The deficient PSD-M could
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ON4R

then be mediated by newly translated, hence largely soluble hTau expected in the CNS of flies

expressing the transgenes for 12 days (ON).

ON4R insoluble aggregate formation results in defective PSD-M.

Blocking hTau

Is it hTau®™*® aggregate accumulation that suppresses the PSD-M deficit, or reduction of
soluble protein upon transcriptional silencing of the transgene? To differentiate between these two
alternatives, we aimed to prevent hTau insoluble aggregate formation or induce their decomposition
under transgene silencing conditions. To that end, flies expressing hTau®™*® for 12 days at 30°C were
switched to the non-permissive 18°C in the presence of a range of concentrations of the non-
neuroleptic phenothiazine, methylene blue (MetBlu). The drug has been experimentally shown to
bind to the repeat domains of hTau and inhibit hTau-hTau interactions essential for formation of
insoluble aggregates (Hosokawa et al. 2012) and paired helical filaments (PHF) (Wischik et al. 1996).
Since the ON4R and ON4R?® transgenes yielded identical results in all experiments detailed above, to
reduce redundancy, we used only the original randomly inserted hTau®*® transgene (Wittmann et al.
2001) for all subsequent experiments unless specified otherwise.

Initially we used the control genotype ElavGal4;Gal80" heterozygotes to determine the

toxicity range of MetBlu at 30°C, where we typically assay the longevity of hTau*®

-expressing animals
(Papanikolopoulou and Skoulakis 2015, Keramidis et al. 2020). MetBlu in the food media at the range
of 10-250uM did not affect survival significantly, but at 500 uM, it reduced the date that 50% of the
population was expired (50% attrition date) (Keramidis et al. 2020), by 16 days and at 1ImM by 22 days
(Fig 3A and Table 1). Conversely, 10-100 uM of the drug did not change the 50% attrition date of
hTau®™*R-expressing flies relative to untreated ones but reduced it by 5 days relative to controls. The
50% attrition at 500 uM and 1mM MetBlu were shortened by 15 days and 17 days respectively,
relative to untreated animals (Fig 3B and Table 2). Therefore, in agreement with prior reports (Gillman
2011), MetBlu precipitates significant concentration-dependent toxicity above 250 uM at 30°C and

ON4R_axpressing flies over the range of the experiment, where the

this was more pronounced for hTau
50% attrition date for these flies at 30°C was shortened by 13 days relative to their untreated siblings
(Fig 3B and Table 2).

ON4R insoluble aggregates,

To determine the effect of the drug on the steady state levels of hTau
flies expressing the transgene for 12 days were shifted to 18°C to silence transcription and for these
10 days were offered food containing MetBlu ranging from 50 to 1000 uM. Head lysates from these
animals were fractionated and the amount of hTau in the soluble and insoluble fractions was
quantified relative to animals kept on normal food for the same period (0). Soluble hTau levels were

not significantly affected by any concentration of MetBlu, but were somewhat, yet not significantly
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elevated at 250 puM (Fig 3C. ANOVA: F(640=0.323, p=0.9204). Importantly, insoluble hTau®"*® |evels
were not significantly different than controls at any MetBlu concentration except at 250 uM where
they were significantly reduced (Fig 3D. ANOVA: F 44=4.142, p=0.0027. Subsequent comparisons with
ElavGal4;Gal80">0N4R OFF, revealed a significant effect of 250 pM MetBlu p=0.0008). The reason for
this sharp optimum in the MetBlu concentration leading to insoluble aggregate reduction is unclear
but has been consistent over a number of technical and biological experimental repeats.

ON4R

Importantly, the elevated lethality of hTau*™*"-expressing flies on 250 uM MetBlu (Fig 3B), was
not apparent over the 10 days these animals were treated at 18°C, with typical survival rates over 98%
(Fig 4A. ANOVA: F(19209=1.1663, p=0.042). This agrees with previous suggestions (Schirmer et al.
2011), that the toxicity of the drug is likely dependent on the metabolic rate. For the poikilothermic
Drosophila, metabolism is expected much higher at 30 than 18°C and it is most likely reflected on the
lack of significant differences from controls at the lower temperature.

Significantly, immediate memory after Extended Conditioning of hTau®4*

-expressing animals
treated for 10 days with 250 uM MetBlu was not significantly different from untreated flies of the
same genotype (Fig 4B. ANOVA: F(1,15=0.138, p=0.7154). However, treated animals presented a
significant reduction in 24 hr PSD-M relative to untreated ones (Fig 4C. ANOVA: F(1,,7=10.435,
p=0.0033), but feeding control animals 250 uM MetBlu for 10 days did not impair PSD-M relative to
that of their untreated siblings (Fig 4D. ANOVA: F(1,2=0.201, p=0.6584). Similarly, PSI-M was not
affected in treated hTau®™*R-expressing flies (Fig 4E. ANOVA: F(129=0.0016, p=0.9681). Therefore,
under these conditions, the drug does not appear to precipitate non-specific dysfunction in the
neurons, or mechanisms underlying PSD-M.

In support of this interpretation and disfavoring the notion of differential MetBlu-mediated

ON4R_expressing flies, treatment with 500 pM of the drug, which does not appear

dysfunction in hTau
to affect hTau aggregates (Fig 3D), did not attenuate PSD-M in hTau®*®-expressing animals (Fig 4F
ANOVA F(1,14)=2.056, p=0.1752), or in controls (Fig 4G. ANOVA: F(123=0.701, p=0.4115). Therefore, the
relative elevation of aggregates upon silencing hTau®*® transcription likely accounts for the resultant
reversal of PSD-M deficits (Fig 2F, G). The collective results strongly argue that while hTau®*R
aggregates are benign, or protective, the smaller apparently soluble protein species are deleterious

to processes requisite for PSD-M.

Efficient PSD-M in hTau®3R-expressing flies correlates with elevated aggregates and is reversible
with MetBlu.
Unlike for hTau®™*® expressing flies, associative learning and PSD-M are normal in animals

ON3R

expressing the hTau isoform even after 12 days of transgene induction (Sealey et al. 2017).
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ON3Rin head lysates revealed a nearly 6-fold elevation over aggregates

Quantification of insoluble hTau
in lysates from hTau®*f animals after 12 days at 30°C (Fig 5A. ANOVA: F(14=51.036, p=9.8x107).
Considering the results above, this difference led to the hypothesis that the reported lack of learning

ON3R

and memory defects in hTau”">"-expressing animals is a consequence of the elevated steady state

ON3R_expressing animals were subjected to MetBlu-

aggregates. To address this hypothesis, hTau
mediated aggregation inhibition for the 12 days the transgene was actively transcribed post eclosion.

As reported before (Sealey et al. 2017), hTau®3R-expressing animals presented significantly
reduced survival at 30°C and this premature mortality was exaggerated by MetBlu at concentrations
higher than 10 uM (Table 3), likely due to enhanced metabolism at the higher temperature (Schirmer
et al. 2011). Treatment with the less toxic MetBlu concentrations over the 12 days of hTau®R
expression in adults, did not affect significantly the levels of soluble hTau®™3® (Fig 5B. ANOVA:
Fi3,15=0.495, p=0.6927). However, the levels of insoluble hTau®"3f were significantly different on 50
UM MetBlu and appeared reduced on the other concentrations assayed as well (Fig 5B. ANOVA:
F(3,48=3.013, p=0.0397, subsequent comparisons with untreated p=0.0044). As expected, survival of
hTau®™3R-expressing flies on 50 uM MetBlu was reduced by the 12" day at 30°C, but not earlier (Fig
5C. ANOVA: F(23407)=8.534, p=5.1x10%3, subsequent planned comparisons: 12-day treated
ElavGal4;Gal80" heterozygotes versus treated ElavGal4;Gal80*>0N3R: p=2.4x10, but p=0.0002 for
the same comparison at 8 days and p=0.0271 at 6 days). Further survival reduction by MetBlu suggests

ON3R 3ccumulation, but rather results from the newly

that toxicity is not affected by insoluble hTau
translated upon transgene induction soluble protein, or the accumulation of oligomeric species due
to MetBlu mediated aggregation inhibition.

If the elevated insoluble species are indeed responsible for the lack of PSD-M deficits after 12
days of ON3R transgene induction as hypothesized, then memory deficits are expected to emerge

ON3R_expressing flies were kept on 50

upon MetBlu-mediated aggregate attenuation. Therefore, hTau
UM MetBlu-containing media, which was effective at attenuating aggregates (Fig 5B), for the 12 days
of adult transgene expression. This treatment did not affect Immediate Memory after Extended
Conditioning (Fig 5D. ANOVA: F(1,3=0.107, p=0.7470) compared to untreated congenic animals.
However, PSD-M (Fig 5E) was significantly reduced (ANOVA: F(1,25=9.407, p=0.0049) by 50 uM MetBlu
treatment, while PSI-M remained unaffected (Fig 5F. ANOVA: F(1,20=4.120, p=0.0566). The specificity
of the impairment only for PSD-M suggests that the deficit is unlikely the result of nonspecific drug
toxicity. To ascertain this, control animals were kept on 50 pM MetBlu for 12 days at 30°C, which does
not impact their survival (Fig 3A), nor their PSD-M performance relative to that of untreated flies (Fig

5G. ANOVA: F(1,2=0.113, p=0.7397). This provides independent validation that the deficit in hTau®"3;-

expressing flies upon 50 uM MetBlu treatment is not consequent of drug toxicity. Furthermore, PSD-
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M was not affected in hTau®*R-expressing flies kept on 10 uM (Fig 5H. ANOVA: F(1,25=0.007, p=0.936),
or 100 uM MetBlu (Fig 5. ANOVA: F(1,23)=0.571, p=0.458), conditions that do not significantly reduce
aggregates (Fig 5B).

Therefore, memory deficits emerge in hTau3®?

-expressing animals only under conditions that
attenuate aggregate formation, independently confirming that aggregation of this hTau isoform is also
not inhibitory and may in fact be permissive to PSD-M. Accordingly, the deficient PSD-M presented by
hTau®™*R-expressing animals kept at 30°C for 12 days was further significantly decreased if these
animals were simultaneously kept at 50 uM (Fig 5J. ANOVA: F1,3=7.211, p=0.0135), but was not
affected if flies were kept on 100 uM MetBlu (Fig 5K. ANOVA: F4,22=2.576, p=0.1234), both
concentrations that do not affect their survival (Fig 3B), but only the former inhibiting aggregation.
Therefore, inhibiting insoluble aggregate formation of two different hTau isoforms in the Drosophila
CNS results in specific PSD-M deficits.

The size and abundance of aggregates in their CNS correlate with the memory deficits in hTau4®
and hTau®R-expressing animals.

To independently verify the results supporting the notion that hTau aggregation does not
impair, but rather may be permissive to processes required for PSD-M formation, storage or recall,
insoluble Tau species were recovered from adult head lysates as detailed before (Cowan et al. 2015,
Sealey et al. 2017), placed on mica disks and their sizes and configurations examined under Atomic
Force Microscopy (AFM) are summarized in Figure 6.

In agreement with transgene expression (Fig 2B) and biochemical assessment (Fig 3C, D),

induction of the hTau®¥*R

isoforms yielded few and rather small (<40nm) apparent aggregates (Fig
6A.1). Significantly, maintaining the flies under conditions restrictive to transgene expression,
following initial induction resulted in accumulation of very large aggregates (>300nm width) in the
CNS of these animals (Fig 6A.2-large arrowhead). However, these aggregates appeared highly reduced

both in size and abundance if hTau®V*®

-expressing flies were maintained on 250uM MetBlu-laced food
during this period (Fig 6A.3) and some appeared filamentous in shape (Fig 6A.3-star). Therefore, these
results agree with the biochemically detectable aggregate accumulation upon transgene silencing (Fig
2E), the effect of maintaining the animals on 250uM MetBlu on aggregates (Fig 3D) and the emergence
of PSD-M deficits in the latter animals (Fig 4C).

Conversely, medium aggregates (50-80nM) were apparent in CNS lysates of hTau®3R-
expressing flies (Fig 6B.1). These were highly reduced in abundance and size if these transgene-

expressing animals were simultaneously maintained on 50uM MetBlu-laced food (Fig 6B.2).

Interestingly, maintaining these animals on 100 uM MetBlu, which did not affect their PSD-M

15



performance (Fig 5l), or the level of biochemically-detected aggregates (Fig 5B), did not appear to
affect the abundance or size of the aggregates and appeared conducive to formation of filamentous
forms of the protein (Fig 6B.3-star).

Collectively, these results provide additional support to the conclusion that large hTau
aggregates do not impair processes requisite for PSD-M, but the smaller, likely soluble aggregates do.

Therefore, the presence of aggregates correlates with comparatively normal PSD-M formation.

Aggregates in adult mushroom body neurons do not impair PSD-M.

The mushroom body neurons (MBs) are implicated in PSD-M formation and recall (Davis 2005,
Cognigni et al. 2018) and relatively low chronic Tau expression therein has been reported to
precipitate learning and short-term memory deficits, while leaving these neurons structurally intact
in the short term (Mershin et al. 2004). However, whether adult-specific hTau expression within these
neurons results in consolidated memory deficits, in a manner analogous to those observed in human
sporadic Tauopathy patients, has not been examined systematically.

ON4R 3ccumulation within

To determine whether PSD-M is compromised by adult-specific hTau
these neurons, this hTau isoform was specifically expressed in adults under the strong pan-MB neuron
driver LeoGal4 (Messaritou et al. 2009) for 12 days post-eclosion. Surprisingly, expression levels of
hTau®™*® under LeoGal4 were highly elevated compared to those expressing pan-neuronally under
ElavGal4 (Fig 7A. ANOVA: F(1,11)=37.416, p=0.0001) and this was verified independently with the
hTau®*f% double transgenic strain (Fig 7B. ANOVA: F(1,11)=34.926, p=0.0001). This is surprising
considering the small number of neurons expressing hTau under LeoGal4 (Messaritou et al. 2009)
compared to pan-neuronal expression under ElavGal4 (Robinow and White 1988) and indicates that
a large excess of hTau accumulates within these ~4000 MB neurons (Aso et al. 2009) during the 12
days of transgene expression. However, despite this vast hTau accumulation, PSD-M was unaffected
both in hTau®™*® (Fig 7C. ANOVA: F(3,39=1.527, p=0.2306) and hTau®*f?®-expressing (Fig 7D. ANOVA:
F(2,39=2.706, p=0.0799) animals. These data support the notion that expression levels alone do not
correlate with and predict neuronal dysfunction.

As for the soluble ON4R, insoluble species were highly abundant in head lysates of hTau®V4*-
expressing flies under LeoGal4, compared to those under ElavGal4 (Fig 7E. ANOVA for Soluble:
F(1,11)=291.294.499, p=1.0x10® and ANOVA for Insoluble: F(111)=49.499, p=3.6x107), suggesting that in
accord with the results and the hypothesis above, their accumulation could suppress hTau-dependent
dysfunction of MB neurons. Given the dependence of MetBlu toxicity on temperature and hence fly
metabolism and the rather limited number of neurons targeted, we opted to inhibit aggregate

formation with 10 uM MetBlu, a concentration without significant effects on the viability of control
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(Fig 3A) or flies expressing hTau®*® pan-neuronally (Fig 3B). Hence, MetBlu at 10uM was fed to adult
flies during the 12days of transgene expression to inhibit aggregate formation and address the
hypothesis-borne prediction that this treatment will result in PSD-M deficits. Indeed, MetBlu
treatment did not affect learning/immediate memory after Extended Conditioning (Fig 7F. ANOVA:
F(1,23=0.719, p=0.4797), indicating the expected lack of toxicity of 10uM MetBlu. In contrast, PSD-M
was significantly impaired in animals expressing hTau®*R (Fig 7G. ANOVA: F(1,3)=6.768, p=0.0163), or
hTau®™*R% (Fig 7H. ANOVA: F(1,3)=6.192, p=0.0209) in their MBs compared to untreated controls,
which presented memory levels in the expected normal range. Therefore, insoluble hTau aggregate
accumulation within the MBs, even at the excessive levels under LeoGal4, do not precipitate neuronal

dysfunction manifested as PSD-M deficits in contrast to soluble species that ostensibly do.
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DISCUSSION
Reversal of adult onset hTau-driven neuroplasticity deficits.

Time-dependent memory deficits likely reflective of disease progression, characterize most
sporadic Tauopathies involving non-mutated Tau, such as AD (Lee et al. 2001, Delacourte 2005). This
time dependence of associative learning and PSD-M attenuation is clearly emulated in our adult onset
hTau transgene expression model (Fig 1 and (Sealey et al. 2017)). However, it has been unclear
whether these cognitive deficits are the consequence of irreversibly dysfunctional or degenerating
neurons. Evidence from regulatable expression transgenic mouse models expressing the FTDP-linked
mutations P301L and AK280 in the ON4R isoform indicated that switching off hTau expression
improved the associated memory impairment, without a reduction in large aggregates (Santacruz et
al. 2005, Sydow et al. 2011, Van der Jeugd et al. 2012).

To our knowledge, this report is the first to demonstrate reversal of memory deficits upon
attenuation of wild type hTau expression. Together with the mouse data, these results support the
hypothesis that learning and PSD-M deficits are not consequent of irreversibly damaged neurons
expressing wild type of mutant hTau isoforms. Rather, cognitive deficits result from dysfunctional, but
otherwise apparently healthy neurons and therefore may be pharmacologically reversible in patients
as well, at least prior to later degenerative stages of the disease (Braak and Braak 1996, Lee et al.
2001, Papanikolopoulou and Skoulakis 2020).

Significantly, we also demonstrate that excess ON3R or ON4R hTau in the fly CNS specifically
compromise the apparent rate of learning and PSD-M but learning per se and PSI-M remain intact.
These results add further credence to the interpretation that excess hTau alone does not result in
generally dysfunctional fly CNS, but rather it compromises specific processes and mechanisms
essential for protein synthesis-dependent consolidated memory. Because recall of PSD-M requires
neurotransmission from the MBs in Drosophila (McGuire et al. 2001), it appears likely that the
compromised memory when soluble hTau expression is limited to the MBs (Fig 7G,H) reflects deficits
in synaptic function as previously proposed (Wang and Mandelkow 2015).

Why does accumulation of ostensibly small soluble hTau aggregates impair PSD-M? Direct
evidence of a physiological function of Tau as a negative regulator of translation was uncovered for
the homologous Drosophila protein. Knock-out mutants of dTau present elevated translation and
enhanced PSD-M, while overexpression of the protein impairs both processes (Papanikolopoulou et
al. 2019). Therefore, elevation of small insoluble hTau aggregates likely impairs translation and
precipitates the specific PSD-M deficits, but spares the translation independent memory (PSI-M). PSI-

M has also been reported to depend at least in part on regulated filamentous actin (F-actin) stability
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(Kotoula et al. 2017). Excess hTau in the fly CNS has been reported to stabilize F-actin (Fulga et al.
2007), providing a plausible explanation as to why PSI-M remains intact under these conditions.
Adult CNS-specific hTau aggregation correlates with suppression of neuroplasticity deficits.

In agreement with the FTDP mouse models (Santacruz et al. 2005, Sydow et al. 2011, Van der
Jeugd et al. 2012), aggregates not only persist in Drosophila for at least 10 days after transgene
silencing, but apparently comprise a significant fraction of the hTau®*R isoform in the fly CNS (Fig 2E).

ON3R

Conversely, insoluble species make up a significant fraction of the hTau isoform in the fly CNS even

when this transgene is fully transcriptionally active for 12 days (Fig 5A). The greater aggregation

ON3R ON4R

propensity of hTau may reflect its elevated phosphorylation state relative to its hTau

counterpart in the Drosophila CNS (Sealey et al. 2017), and/or its reduced affinity for microtubules.

ON3R

Either of these scenarios likely renders a significant number of hTau proteins more prone to

aggregation (Goode et al. 2000). A large increase in insoluble hTau®4®

without silencing the transgene
was observed when expression of this isoform was confined to the ~4500 MB neurons with the very
strong LeoGal4 driver, relative to the levels attained under similar conditions with the pan-neuronally
expressed (~1x10° neurons) ElavGal4 (Fig 7E). This clearly demonstrates that aggregation is favored
by excessive local hTau accumulation as within the confines of particular neurons in agreement with
in vitro experiments (Montejo de Garcini et al. 1986, von Bergen et al. 2005).

Insoluble hTau aggregates have been linked to neurodegenerative Tauopathies (Delacourte
and Buee 2000, Geschwind 2003, Trojanowski and Lee 2005) and larger ones such as NFTs may in fact
contribute to toxicity in later stages of the disease. However evidence supporting a cardinal role for
soluble Tau oligomers in neuronal dysfunction and toxicity has been increasing (Cowan and Mudher
2013, Cowan et al. 2015), while direct evidence for the role of large insoluble aggregates in these
processes remains scant (Cowan et al. 2015, Wang and Mandelkow 2015, Arendt et al. 2016). In
addition, aggregates are relatively abundant in patients with Primary Age Related Tauopathy (PART),
but these individuals seldom present cognitive deficits (Jellinger 2015, Jellinger et al. 2015). Neurons
may in fact degenerate when they are devoid of NFTs (Wittmann et al. 2001, Papanikolopoulou and
Skoulakis 2011, Wang and Mandelkow 2015) and this is a hypothesis currently under investigation in
our fly model.

The data herein provide three experimental scenarios strongly supporting the view that
insoluble aggregates, whose exact conformation(s) are unclear at the moment, are protective or
permissive of neuronal activities that underlie associative PSD-M. Our data extend the findings from
regulatable mouse FTDP models that aggregates remain, while cognition improves (Santacruz et al.

2005, Sydow et al. 2011, Van der Jeugd et al. 2012), to posit that insoluble aggregates are in fact
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permissive if not protective of neuroplasticity. The results from the three experimental scenarios
supporting this notion are discussed below.

ON4R_expressing animals results in reversal of their PSD-M

Silencing the transgene in hTau
deficit and in fact correlates well with an increase in large insoluble aggregates (Fig 2F, G, Fig 6A.2). In
contrast, the PSD-M deficit was sustained by MetBlu-mediated inhibition of aggregation after
transgene silencing (Fig 4C, Fig 6A.3). In accord with this, MetBlu concentrations that do not affect
hTau®™*® aggregation were not deleterious to PSD-M (Fig 4F). Moreover, inhibition of aggregation
while the hTau®™® transgene was expressed, exaggerated the PSD-M deficit of these flies (Fig 5J). In
the MB-limited expression setting, hTau®*f the excessive aggregates within these neurons (Fig 7E) are
the likely reason that PSD-M remained normal after 12 days of transgene expression (Fig 7C, D), but
was compromised after MetBlu mediated inhibition of aggregation (Fig 7G, H). Finally, in the case of
hTau®™*Radult-specific expression reported to spare learning and PSD-M (Sealey et al. 2017), we now
provide evidence that this correlates nicely with the relative abundance of aggregates (Fig 5A,B, Fig
6B1), as MetBlu-mediated inhibition of their formation precipitated robust PSD-M deficits (Fig 5E, Fig
6B.2).

Collectively therefore, insoluble hTau aggregates in the fly CNS at least, do not impair neuronal
processes requisite for efficient learning and PSD-M such as regulated translation. This agrees with
the suggestion that aggregate formation may reflect protective cellular response(s) to excess
hyperphosphorylated Tau (Wang and Mandelkow 2015). Conversely, our data support the idea that
small soluble oligomers, or monomeric to trimeric hTau species impede essential for PSD-M
neuroplasticity. Oligomeric hTau may also be the neurotoxicity culprit, as inhibiting hTau aggregation
at relatively low MetBlu concentrations (50-250 uM), with minimal effect on control flies (Fig 3A),
under increased metabolic conditions (30°C), yielded highly significant reduction in the life span of
flies expressing hTau isoforms (Fig 3B, Table 2). Therefore, inhibition of aggregation with the resultant
excess of oligomeric species or both, are also toxic to the CNS, precipitating premature lethality.

Preventive (Hochgrafe et al. 2015), or therapeutic (Santacruz et al. 2005, Sydow et al. 2011,
Van der Jeugd et al. 2012) treatment with MetBlu in mouse models of FTDP recovers cognition.
However, the effects of the drug on a bona fide mouse AD models have not been assessed to our
knowledge. In contrast, MetBlu has been tried on patients, even in Phase Il trials as an anti-
aggregation therapeutic for AD with very poor results (Gauthier et al. 2016), most likely because it
does not inhibit soluble Tau species including small oligomers (Soeda et al. 2015), which apparently
accumulate to high levels. Furthermore, recent results from a mouse FTDP model, indicate that
soluble hTau oligomers carrying the P301L mutation appear solely responsible for Tauopathy

progression (Shin et al. 2020). Collectively then and in light of our own results, aggregation promoting
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pharmaceuticals (Dominguez-Meijide et al. 2020) should be considered with caution as they can easily
lead to dispersal of larger protective tau species to increase the availability of the toxic smaller soluble
oligomers. Conversely pharmaceutical agents that may encourage the sequestration of toxic smaller

oligomers into innocuous larger aggregates should be explored.
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Figure 1. Deficient associative learning and PSD-M emerge in a time-dependent manner upon
hTau®™*® expression in the adult CNS.

Bars represent the mean performance indexes (Pl) and standard errors of the mean (+ S.E.M.) for the
number of indicated experimental replicates (n). Stars indicate significant differences. All statistical
details are presented in the Statistics Table. Black Bars represent the experimental strains and open

bars the controls as indicated.
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A) Immediate Performance after one round of standard conditioning (Learning) and 24hr Spaced
Conditioning memory (PSD-M) performance of animals accumulating pan-neuronally the hTau®*R
isoform for 6 and 12 days compared to that of driver and transgene heterozygotes. n> 12 for all
genotypes.

B) 24hr Spaced Conditioning memory (PSD-M) performance of animals accumulating pan-neuronally
hTau®™*® for 6 and 12 days compared to that of driver and transgene heterozygotes. n> 11 for all
genotypes.

C) Immediate Performance after Extended Conditioning (5X) of flies accumulating pan-neuronally
hTau®™*® for 12 days compared to that of driver and transgene heterozygotes. n> 12 for all genotypes.
D) 24hr Massed Conditioning (PSI-M) memory of flies accumulating pan-neuronally hTau®™“® for 12
days compared to that of driver and transgene heterozygotes. n> 12 for all genotypes

E) Representative Western blots from head lysates of flies pan-neuronally accumulating hTau®™*R for

12 days compared with similar lysates from hTau®N4Ral hTayoN4Ra2

and the double transgenic strain
hTau®™*22 probed with the 5A6 anti-Tau antibody. Syntaxin (Syx) levels in the lysates were used as
guantification normalizer. Tau levels were normalized using the Syx loading control and are shown as

a ratio of their mean + SEM values relative to respective levels in flies accumulating hTau®™4®

, which
was set to 1. n> 4 for all genotypes
F) Performance immediately after one round of standard conditioning (Learning) animals

accumulating pan-neuronally hTau®™*® from the double transgenic hTau®N4®?2

strain for 12 days and
heterozygous controls. n> 12 for all genotypes.

G) 24hr Spaced Conditioning memory (PSD-M) performance of animals accumulating pan-neuronally
hTau®™™*® from the double transgenic hTau®™*f% for 12 days and heterozygous controls. n> 13 for all
genotypes.

H) Immediate Performance after Extended Conditioning (5X) of flies accumulating pan-neuronally

hTau®™*® from the double transgenic hTau®4R?

strain for 12 days and heterozygous controls. n> 9 for
all genotypes.
1) 24hr Massed Conditioning (PSI-M) memory of flies accumulating pan-neuronally hTau®™*® from the

double transgenic hTau®4"?2 for 12 days and heterozygous controls. n> 11 for all genotypes.
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Figure 2. Reversal of the PSD-M deficit is correlated with Tau insoluble aggregate accumulation.
A) A schematic of the hTau®™*® transgene repression (OFF) and expression protocol conditions (ON).

ON4R js either repressed for

The two groups of genotypically identical and of similar age animals hTau
10 days of maintaining the flies at 18°C, following 12 days of expression (OFF), or is expressed for 12
days at 30°C (ON) after maintaining the adults flies for 10 days at 18°C.

B) Representative RT-PCR of Tau mRNA levels in flies with either repressed (OFF) or pan-neuronally
expressing hTau®*R (ON). The rp49 RNA levels served as internal reference and as a normalization
control for the quantifications. The normalized level of hTau®*® (ON) for each quantification was fixed
to 1. Error bars indicate mean + SEM relative mRNA levels at the OFF condition relative to that of the

ON condition. The star indicates significant differences from the control. n=7 determinations for both

conditions.
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ON4R han-neuronally for

C) Representative Western blots from head lysates of flies accumulating hTau
12 days (ON) compared with similar lysates from flies with hTau®™*® transgene repression (OFF) probed
with the 5A6 anti-Tau antibody. The level of syntaxin (Syx) in the lysates was used as control for
quantifications. For the quantification, Tau levels were normalized using the Syx loading control and
are shown as a ratio of their mean + SEM values relative to the respective levels under ON conditions.
n=6 independent blots for both conditions.

D) Representative Western blot of soluble fractions of head lysates under expression (ON), or
repression (OFF) conditions probed with the 5A6 anti-Tau antibody. The level of syntaxin (Syx) was
used as control for quantifications. Tau levels were normalized using the Syx loading control and are
shown as a ratio of their mean + SEM relative to respective levels in flies accumulating pan-neuronally
hTau®™*® or hTau®™4?2 for 12 days, which were set to 1. The stars indicate significant differences from
the control genotype. n> 5 for hTau®*® and n> 6 for hTau®**?2 n=6 independent blots.

E) Representative Western blot of insoluble fractions of head lysates under expression (ON), or
repression (OFF) conditions probed with the 5A6 anti-Tau antibody. Tau levels were normalized using
the Syx loading control and are shown as a ratio of their mean + SEM relative to respective levels in

ONSR or hTau®™4R? for 12 days, which were set to 1. The stars

flies accumulating pan-neuronally hTau
indicate significant differences from the control genotype. n> 5 for hTau®*f and n> 4 for hTau®#R?
independent blots.

F-G) Bars represent the mean performance indexes (PI) and standard errors of the mean (+ S.E.M.) for
the number of indicated experimental replicates (n). Stars indicate significant differences. 24hr Spaced
Conditioning memory (PSD-M) performance of animals accumulating pan-neuronally hTau®™*® (F) or
hTau®4R22 (G) for 12 days at 30°C (ON, grey bars) compared with driver and transgene heterozygotes
(open bars) and animals with repressed transgenes (Black bars). n>9 for F and n> 10 for G.

H) Mean performance indexes (Pl) and standard errors of the mean (+ S.E.M.) for 24hr Spaced
Conditioning memory (PSD-M) performance of control animals kept either for 12 days at 30°C (gray

bar) after 10 days as adults at 18°C, or 10 days at 18°C following 12 days at 30°C (black bar). n=8 for

both groups.
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Figure 3. Methylene Blue prevents insoluble hTau
concentration.

A, B) Survival curves of untreated and treated with different concentrations of MetBlu driver
heterozygote control (A) and animals accumulating pan-neuronally hTau®™*® at 30°C (B). The data
represent the mean + SEM from two independent experiments with at least 300 flies assessed per
genotype. The different concentrations of MetBlu are indicated on the right. The dotted lines indicate
the 50% attrition levels. Statistical details in Table 1 and 2 respectively.

C, D) Representative Western blots of soluble (C) and insoluble (D) fractions generated from adult flies

untreated or treated with different concentrations of MetBlu probed with 5A6 anti-Tau antibody.
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hTau®™*® was either expressed for 12 days (ON) or is repressed for 10 days following 12 days of

ON4R insoluble aggregate formation, flies

expression (OFF). To determine the effect of the drug on hTau
were shifted onto food containing MetBlu ranging from 50 to 1000 uM at 18°C to silence the transgene
for 10 days (OFF). The different concentrations of MetBlu used are indicated above each bar. The level
of syntaxin (Syx) was used as control for quantifications. The normalized level of hTau®™*® (OFF
condition, untreated) for each quantification was fixed to 1. Error bars indicate mean = SEM relative

to respective levels in flies that exist under transgene transcriptional silencing conditions. The star

indicates significant differences from the control genotype. n> 5 for C and n> 6 independent blots.
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Wilkoxon/Kruscal-Wallis

Means comparison (Steel with control)

DAY | o2 (DF, count)

p>x

Genotype (WM MetBlu)

z

2 17.015 (6,17)

0.0092

Elav;G80%™> +

0

Elav;G80™> +

10

Elav;G80%™> +

50

Elav;G80™> +

100

Elav;G80%™> +

250

Elav;G80™> +

500

0.4029

0.9975

Elav;G80™> +

1000

2.9594

0.0161

6 8.044 (6,17)

0.2349

Elav;G80™> +

Elav;G80™> +

10

Elav;G80™> +

50

Elav;G80™> +

100

Elav;G80%™> +

250

Elav;G80™> +

500

Elav;G80%™> +

1000

10 44.54 (6,17)

<0.0001

Elav;G80™> +

Elav;G80%™> +

10

Elav;G80™> +

50

Elav;G80%™> +

100

Elav;G80™> +

250

Elav;G80™> +

500

-2.9765

0.0153

Elav;G80™> +

1000

-4.9758

<0.0001

14 | 60.578(6,17)

<0.0001

Elav;G80™> +

Elav;G80™> +

10

Elav;G80™> +

50

Elav;G80™> +

100

Elav;G80™> +

250

-2,6753

0.0372

Elav;G80™> +

500

-3.8591

0.0007

Elav;G80™> +

1000

-4.9943

<0.0001

18 | 63.859 (6,17)

<0.0001

Elav;G80™> +

Elav;G80™> +

10

Elav;G80™> +

50

Elav;G80™> +

100

Elav;G80™> +

250

-2.4139

0.075

Elav;G80™> +

500

-4.2418

0.0001

Elav;G80™> +

1000

-5.0056

<0.0001

22 | 58397 (6,17)

<0.0001

Elav;G80"> +

Elav;G80™> +

10

Elav;G80™> +

50

Elav;G80™> +

100

Elav;G80™> +

250

-1.8873

0.2439

Elav;G80™> +

500

-4.3894

<0.0001

Elav;G80™> +

1000

-4.9321

<0.0001

26 | 43.698 (6,17)

<0.0001

Elav;G80™> +

Elav;G80™> +

10

Elav;G80™> +

50

Elav;G80"> +

100

Elav;G80™> +

250

-1.0555

0.7870

Elav;G80"> +

500

-3.4394

0.0032

Elav;G80%™> +

1000

-4.4177

<0.0001

30 | 39.271(6,17)

<0.0001

Elav;G80"> +
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Elav;G80™> +

10

-2.1832

0.3149

Elav;G80™> +

50

Elav;G80%™> +

100

Elav;G80%™> +

250

-2.1833

0.1287

Elav;G80™> +

500

-36036

0.0018

Elav;G80%™> +

1000

-4.1500

0.0002

34

26.7302 (6,17)

0.0002

Elav;G80™> +

Elav;G80%™> +

10

-2.6180

0.0436

Elav;G80™> +

50

Elav;G80%™> +

100

Elav;G80™> +

250

-2.0723

0.1642

Elav;G80%™> +

500

-2.1460

0.1398

Elav;G80™> +

1000

-2.6181

0.0436

38

0.0000 (6,17)

1.0000

Elav;G80%™> +

Elav;G80™> +

10

Elav;G80%™> +

50

Elav;G80™> +

100

Elav;G80™> +

250

Elav;G80™> +

500

Elav;G80™> +

1000

Table 1. Survival statistics for control heterozygotes kept on the indicated concentrations of MetBlu
at 30°C.

Survival results from all the independent determinations were compared with Wilcoxon/Kruskal-
Wallis tests for the indicated days. If a positive (x?) outcome, the means from each genotype for the

days with significant differences were compared using the Steel with control tests whose z ratio and

p values are shown. Significant differences from controls are emphasized with bold.
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Wilkoxon/Kruscal-Wallis

Means comparison (Steel with control)

DAY

%2, (DF, count)

p>x

Genotype (LM MetBlu)

z

2

13.5961 (6,17)

0.0834

Elav;G80"™> ON4R

0

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

Elav;G80"™> ON4R

250

Elav;G80"™> ON4R

500

Elav;G80"™> ON4R

1000

18.4831 (6,17)

0.0051

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

Elav;G80™> ON4R

250

Elav;G80"™> ON4R

500

Elav;G80"™> ON4R

1000

-2.1034

0.1536

10

65.901 (6,17)

<0.0001

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

Elav;G80"™> ON4R

250

-3.0928

0.0106

Elav;G80"™> ON4R

500

-3.8612

0.0006

Elav;G80"™> ON4R

1000

-4.8594

<0.0001

14

76.510 (6,17)

<0.0001

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

-1.7623

0.3028

Elav;G80"™> ON4R

250

-3.7252

0.0011

Elav;G80"™> ON4R

500

-4.9123

<0.0001

Elav;G80"™> ON4R

1000

-4.8496

<0.0001

18

73.901 (6,17)

<0.0001

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

-1.5947

0.4017

Elav;G80"™> ON4R

250

-3.4581

0.0030

Elav;G80"™> ON4R

500

-4.8533

<0.0001

Elav;G80"™> ON4R

1000

-4.9939

<0.0001

22

70.196 (6,17)

<0.0001

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

-0.7294

0.9497

Elav;G80"™> ON4R

250

-3.6844

0.0013

Elav;G80"> ON4R

500

-4.8786

<0.0001

Elav;G80"™> ON4R

1000

-4.9903

<0.0001

26

30.019 (6,17)

<0.0001

Elav;G80™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80™> ON4R

100

Elav;G80"™> ON4R

250

-1.5003

0.4648

Elav;G80"™> ON4R

500

-2.9561

0.0163

Elav;G80"™> ON4R

1000

-3.6461

0.0015
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30

15.404 (6,17)

0.0173

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

Elav;G80"™> ON4R

250

-0.9155

0.8626

Elav;G80"™> ON4R

500

-2.2021

0.1204

Elav;G80"™> ON4R

1000

-2.2018

0.1204

34

5.1170 (6,17)

0.5289

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80™> ON4R

50

Elav;G80"™> ON4R

100

Elav;G80"™> ON4R

250

Elav;G80"™> ON4R

500

Elav;G80"™> ON4R

1000

38

0.0000 (6,17)

1.0000

Elav;G80"™> ON4R

Elav;G80"™> ON4R

10

Elav;G80"™> ON4R

50

Elav;G80"™> ON4R

100

Elav;G80"™> ON4R

250

Elav;G80"™> ON4R

500

Elav;G80"™> ON4R

1000

Elav;G80"™> ON4R

1000

Table 2. Survival statistics for flies expressing hTau®*® kept on the indicated concentrations of

MetBlu at 30°C.

Survival results from all the independent determinations were compared with Wilcoxon/Kruskal-
Wallis tests for the indicated days. If a positive (x?) outcome, the means from each genotype for the

days with significant differences were compared using the Steel with control tests whose z ratio and

p values are shown. Significant differences from controls are emphasized with bold.
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Figure 4. Preventing hTau insoluble aggregate formation results in defective PSD-M under

transgene transcriptional silencing conditions.

A) Survival histogram for hTau®4R

animals kept under transgene silencing conditions (OFF, 18°C), but
on MetBlu for 10 days compared with driver heterozygotes. The survival rates were over 98% in these
conditions for all genotypes independent of drug administration. The data represent the mean + SEM
from two independent experiments with at least 300 flies assessed per genotype.

B-G) Bars represent the mean performance indexes (Pl) and standard errors of the mean (+ S.E.M.)
for the number of indicated experimental replicates (n). Stars indicate significant differences.

ON4R

B) Immediate Performance after Extended Conditioning (5X) of hTau®"**-expressing flies kept for 10

days in the OFF condition in the absence (OuM) or presence of 250uM MetBlu. n> 7 per condition.

ON4R

C) 24hr Spaced Conditioning memory (PSD-M) performance of hTau®™*"-expressing flies kept for 10
days in the OFF condition in the absence (OuM) or presence of 250uM MetBlu. n> 13 per condition.
D) 24hr Spaced Conditioning memory (PSD-M) performance of control animals kept for 10 days in the

OFF condition in the absence (OuM) or presence of 250uM MetBlu. n> 11 per condition.
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E) 24hr Massed Conditioning (PSI-M) memory of hTau®*R-expressing flies kept for 10 days in the OFF
condition in the absence (OuM) or presence of 250uM MetBlu. n> 14 per condition.

ON4R_axpressing flies kept for 10

F) 24hr Spaced Conditioning memory (PSD-M) performance of hTau
days in the OFF condition in the absence (OuM) or presence of 500uM MetBlu. n> 7 per condition.
G) 24hr Spaced Conditioning memory (PSD-M) performance of control animals kept for 10 days in the

OFF condition in the absence (OuM) or presence of 500uM MetBlu. n=12 per condition.
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ON3R insoluble aggregate formation results in defective PSD-M.

Figure 5. Blocking hTau
A) Representative western blots of insoluble fractions generated from adult heads, following pan-
neuronal expression of hTau®*f and hTau®3R transgenes for 12days at 30°C, probed with the 5A6 anti-

Tau antibody. The level of syntaxin (Syx) was used as control for quantifications. The normalized level
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of hTau®™*® for each quantification was fixed to 1. Error bars indicate mean + SEM of insoluble hTau

levels in flies that express hTau®™*Rover that of the hTau®*R. The star indicates significant differences

ON4R

from that in hTau’**-expressing lysates. n> 4 independent blots.

B) Representative western blots of soluble and insoluble fractions generated from adult heads,

ON3R expression for 12days at 30°C in flies kept on different concentrations

following pan-neuronal hTau
of MetBlu (0, 10, 50 and 100uM), as indicated probed with the 5A6 antibody., The level of syntaxin
(Syx) was used as loading control. For the quantification, Tau levels were normalized using the Syx
loading control and are shown as a ratio of their mean + SEM values relative to respective levels in

ON3R “which were set to 1. The star indicates significant differences

untreated flies accumulating hTau
from the untreated with MetBlu animals. n> 4 for soluble and n>12 for Insoluble independent blots.
C) Survival histogram of animals of the indicated genotype untreated or treated with 50uM MetBlu at
30°C compared with driver heterozygotes. MetBlu at 50uM did not affect survival of driver
heterozygotes. The data represent the mean + SEM from two independent experiments with at least
300 flies assessed per genotype. Statistical details in the statistics table. The star indicates significant
differences form the control genotype on the respective day.

D-K) Bars represent the mean performance indexes (Pl) and standard errors of the mean (+ S.E.M.) for
the number of indicated experimental replicates (n). Stars indicate significant differences.

ON3R

D) Immediate Performance after Extended Conditioning (5X) of hTau™*"-expressing flies kept for 12

days in the ON condition in the absence (OuM) or presence of 50uM MetBlu. n> 11 per condition.

ON3R

E) 24hr Spaced Conditioning memory (PSD-M) performance of hTau”">"-expressing flies kept for 12

days in the ON condition in the absence (OuM) or presence of 50uM MetBlu. n> 14 per condition.

F) 24hr Massed Conditioning (PSI-M) memory of hTau®"3R-expressing flies kept for 12 days in the ON
condition in the absence (OpuM) or presence of 50uM MetBlu. n>10 per condition.

G) 24hr Spaced Conditioning memory (PSD-M) performance of control animals kept for 12 days in the

ON condition in the absence (OuM) or presence of 50uM MetBlu. n> 14 per condition.

ON3R

H) 24hr Spaced Conditioning memory (PSD-M) performance of hTau”™"-expressing flies kept for 12

days in the ON condition in the absence (OuM) or presence of 10uM MetBlu. n> 13 per condition.

ON3R

1) 24hr Spaced Conditioning memory (PSD-M) performance of hTau”"*"-expressing flies kept for 12

days in the ON condition in the absence (OuM) or presence of 100uM MetBlu. n> 12 per condition.

ON4R

J) 24hr Spaced Conditioning memory (PSD-M) performance of hTau’**-expressing flies kept for 12

days in the ON condition in the absence (0uM) or presence of 50uM MetBlu. n=12 per condition.

ON4R

K) 24hr Spaced Conditioning memory (PSD-M) performance of hTau”™"**-expressing flies kept for 12

days in the ON condition in the absence (OuM) or presence of 100uM MetBlu. n> 11 per condition.
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Wilkoxon/Kruscal-Wallis

Means comparison (Steel with control)

DAY | 2, (DF, count) p>Y; Genotype (UM MetBlu) z p
2 14,6455 (6,17) 0.0232 Elav;G80">0N3R 0
Elav;G80™>0N3R 10
Elav;G80">0N3R 50
Elav;G80™>0N3R 100 -0.6696 0.9657
Elav;G80">0N3R 250 -2.5453 0.0530
Elav;G80">0N3R 500
Elav;G80">0N3R 1000
6 83,7625 (6,17) <0.0001 Elav;G80*>0N3R 0
Elav;G80™>0N3R 10
Elav;G80">0N3R 50
Elav;G80™>0N3R 100 -0.7908 0.9280
Elav;G80™>0N3R 250 -4,5530 <0.0001
Elav;G80">0N3R 500 -4.6673 <0.0001
Elav;G80">0N3R 1000 -4.9777 <0.0001
10 99.929 (6,17) <0.0001 Elav;G80*>0N3R 0
Elav;G80™>0N3R 10
Elav;G80">0N3R 50 -0.8090 0.9208
Elav;G80™>O0N3R 100 -3.9799 0.0004
Elav;G80">0N3R 250 -5.1601 <0.0001
Elav;G80">0N3R 500 -5.2584 <0.0001
Elav;G80">0N3R 1000 -5.2050 <0.0001
14 104.714 (6,17) <0.0001 Elav;G80">0N3R 0
Elav;G80">0N3R 10 0.2637 0.9998
Elav;G80">0N3R 50 -3.1629 0.0084
Elav;G80™>0N3R 100 -4,9986 <0.0001
Elav;G80™>0N3R 250 -5.3209 <0.0001
Elav;G80">O0N3R 500 -5.2584 <0.0001
Elav;G80">0N3R 1000 -5.3209 <0.0001
18 108.364 (6,17) <0.0001 Elav;G80">0N3R 0
Elav;G80™>0N3R 10 -2.3846 0.0799
Elav;G80">0N3R 50 -4,9932 <0.0001
Elav;G80™>O0N3R 100 -5.1725 <0.0001
Elav;G80">0N3R 250 -5.3345 <0.0001
Elav;G80">0N3R 500 -5.2715 <0.0001
Elav;G80">0N3R 1000 -5.3345 <0.0001
22 90.179 (6,17) <0.0001 Elav;G80*>0N3R 0
Elav;G80™>0N3R 10 -1.9251 0.2222
Elav;G80">0N3R 50 -3.7813 0.0009
Elav;G80™>O0N3R 100 -4,9195 <0.0001
Elav;G80">0N3R 250 -5.0693 <0.0001
Elav;G80">0N3R 500 -5.0693 <0.0001
Elav;G80">0N3R 1000 -5.0609 <0.0001
26 21.133 (6,17) 0.0017 Elav;G80">0N3R 0
Elav;G80™>0N3R 10
Elav;G80">0N3R 50
Elav;G80™>O0N3R 100
Elav;G80™>0N3R 250
Elav;G80">0N3R 500 -1.3926 0.5432
Elav;G80">0N3R 1000 -1.3926 0.5432
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30 6.000 (6,17) 0.4232 Elav;G80">0N3R O
Elav;G80">0N3R 10
Elav;G80">0N3R 50
Elav;G80">O0N3R 100
Elav;G80">ON3R 250
Elav;G80">O0N3R 500
Elav;G80">0N3R 1000
34 0.000 (6,17) 1.0000 Elav;G80">0N3R O
Elav;G80">0N3R 10
Elav;G80">0N3R 50
Elav;G80">O0N3R 100
Elav;G80">ON3R 250
Elav;G80">O0N3R 500
Elav;G80">0N3R 1000
38 0.000 (6,17) 1.0000 Elav;G80">0N3R O
Elav;G80">0N3R 10
Elav;G80">0N3R 50
Elav;G80">O0N3R 100
Elav;G80">ON3R 250
Elav;G80">O0N3R 500
Elav;G80">0N3R 1000

Table 3. Survival statistics for flies expressing hTau®® kept on the indicated concentrations of
MetBlu at 30°C.

Survival results from all the independent determinations were compared with Wilcoxon/Kruskal-
Wallis tests for the indicated days. If a positive (x?) outcome, the means from each genotype for the
days with significant differences were compared using the Steel with control tests whose z ratio and

p values are shown. Significant differences from controls are emphasized with bold.

41



A ON4R-OFF
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u
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+50uM etBI

10.00 nm

u_ +100puM MetBlu

0.00 nm

Figure 6. Aggregate accumulation in the CNS of hTau®*® and hTau’™*®-expressing animals and
MetBlu-mediated aggregate inhibition.

ON4R and

Representative AFM images of aggregates from insoluble Tau fractions in head lysates of hTau
hTau®*R-expressing flies. The images were taken at random points from the mica carrying the
indicated samples with a scan rate of 1Hz-2Hz. Scale bar 200nm.

A) Insoluble Tau fraction from adult pan-neuronally-expressing hTau® ! flies at the ON condition (1)
or transgene repression conditions (2) and after treatment of repressed animals with 250uM MetBlu
(3). Insoluble hTau under transgene repression were significantly elevated in number and size (2)
compared to lysates from the ON condition (1). Treatment with 250uM MetBlu for 10 days at the OFF
condition reduced the size and the number of aggregates, though short filaments appeared (3). Range
of the filaments: <40 (thin arrow), 50-140nM (small arrowheads) to 240-390nm (thick arrow) and short
filaments (asterisk).

B) Insoluble Tau fraction from adult pan-neuronally-expressing hTau®™*® flies at the ON condition (1),
the ON condition with simultaneous treatment with 50uM MetBlu (2) or 100uM MetBlu (3).
Treatment with 50uM MetBlu for 12 days at 30°C reduced the size of filaments, while treatment with
100uM MetBlu did not affect the size of the aggregates much, but yielded short filaments. Range of

the aggregates: from 40-60nm (thin arrow), 80-150nm- (small arrowhead) >175nm (thick arrow) and

short filaments (asterisk).
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Figure 7. Insoluble aggregates in adult-specific hTau”™"**-expressing animals within mushroom

bodies are permissive to PSD-M.

A-B) Representative western blots from head lysates of flies accumulating hTau®™*R

pan-neuronally
(ElavGal4; TubGal80%) for 12 days at 30°C compared with flies expressing hTau®*® only in mushroom
body neurons (LeoGal4; TubGal80"), probed with the 5A6 anti-Tau antibody. The level of syntaxin
(Syx) in the lysates was used as control for quantifications. For the quantification, Tau levels were
normalized using the Syx loading control and are shown as a ratio of their mean * SEM values relative
to respective levels in flies accumulating pan-neuronally the ON4R isoform for 12 days, which was set
to 1. The stars indicate significant differences from the control genotype. n> 5 per genotype in A and
B.

C-D) Bars represent the mean performance indexes (Pl) and standard errors of the mean (+ S.E.M.) for
the number of indicated experimental replicates (n). The genotypes of all animals are indicated below
each bar.

ON4R

C) 24hr Spaced Conditioning memory (PSD-M) performance of hTau”"*"-expressing flies kept for 12

days in the ON condition. n> 13 per genotype

ON4R

D) 24hr Spaced Conditioning memory (PSD-M) performance of hTau’™*"-expressing flies from the

hTau®™422 double transgenics kept for 12 days in the ON condition. n> 13 per genotype.
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E) Representative western blot of soluble (left) and insoluble (right) fractions generated from adult

ON4R nan-neuronally or limited to mushroom body neurons for 12 days

heads of flies accumulating hTau
at 30°C, probed with the 5A6 anti-Tau antibody. Syntaxin (Syx) levels were used as control for
quantifications. For the quantification, Tau levels were normalized using the Syx loading control and
are shown as a ratio of their mean + SEM values relative to respective levels in flies accumulating
hTau®™*® pan-neuronally, which was set to 1. The mean * SEM are shown for each group. The star
indicates significant differences from the control genotype. n>5 for both genotypes.

F-H) Bars represent the mean performance indexes (Pl) and standard errors of the mean (+ S.E.M.) for
the number of indicated experimental replicates (n). Stars indicate significant differences.

ON4R

F) Immediate Performance after Extended Conditioning (5X) of hTau”™**-expressing flies kept for 12

days in the ON condition in the absence (OpuM) or presence of 10uM MetBlu. n> 11 per genotype.

ON4R

G) 24hr Spaced Conditioning memory (PSD-M) performance of hTau”"**-expressing flies kept for 12

days in the ON condition in the absence (OuM) or presence of 10uM MetBlu. n> 11 per genotype

ON4R_expressing flies from the

H) 24hr Spaced Conditioning memory (PSD-M) performance of hTau
hTau®422 double transgenics, kept for 12 days in the ON condition in the absence (OuM) or presence

of 10uM MetBlu. n> 11 per genotype.
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Genotype Mean + SEM F-Ratio p
Figure 1A. ANOVA F5,74) =17.6036, p=3.34e-11
w!11850N4R (6days) 73.435 + 2.034

ElavGal4;Gal80"> w8 (6days) 70.924 £ 2.830 0.5485 0.4614
ElavGal4;Gal80"™ >0N4R (6days) 69.789 £ 2.488 1.4645 0.2303
ElavGal4;Gal80"> w8 (6days) 70.924 + 2.830

ElavGal4;Gal80"™ >0N4R (6days) 69.789 £ 2.488 0.1330 0.7165
wll1850N4R (12days) 67.671 % 1.432

ElavGal4;Gal80"> w8 (12days) 65.831 £ 1.020 0.3580 0.5516
ElavGal4;Gal80® >0N4R (12days) 50.609 £ 1.981 42.762 9.00e-9
ElavGal4;Gal80"> wl!® (12days) 65.831 + 1.020

ElavGal4;Gal80" >0N4R (12days) 50.609 £ 1.981 24.507 5.03e-6

Figure 1B.

ANOVA F5,67=10.433, p=2.7e-7

w!l8>0N4R (6days)

34.306 + 3.639

ElavGal4;Gal80"> w8 (6days) 38.662 £ 3.074 1.1534 0.2870
ElavGal4;Gal80"™ >0N4R (6days) 38.128 £ 3.556 0.9688 0.3287
ElavGal4;Gal80"> w8 (6days) 38.662 + 3.074
ElavGal4;Gal80"™ >0N4R (6days) 38.128 £ 3.556 0.0189 0.8911
wll1850N4R (12days) 27.931 + 1.459
ElavGal4;Gal80"> wl!® (12days) 26.506 * 2.482 0.1418 0.7078
ElavGal4;Gal80® >0N4R (12days) 16.473 £ 1.656 9.9603 0.0025
ElavGal4;Gal80"> wl!® (12days) 26.506 + 2.482
ElavGal4;Gal80® >0N4R (12days) 16.473 £ 1.656 7.2917 0.0089

Figure 1C. ANOVA F(2,40=3.136, p=0.0549
wl8>0N4R 65.774 + 1.955

ElavGal4;Gal80%> w'!® 68.305 + 1.583 1.053 0.3112
ElavGal4;Gal80" >0N4R 71.697 + 1.567 6.179 0.0174
ElavGal4;Gal80%> w'!® 68.305 + 1.583

ElavGal4;Gal80" >0N4R 71.697 + 1.567 2.026 0.1628

Figure 1D. ANOVA F(2,47=3.202, p=0.0501
wll8>0N4R 17.937 £ 1.609

ElavGal4;Gal80%> w'!® 27.051 +3.348 5.574 0.0226
ElavGal4;Gal80" >0N4R 25.300 + 2.854 3.874 0.0552
ElavGal4;Gal80"> w'!® 27.051+3.348

ElavGal4;Gal80" >0N4R 25.300 + 2.854 0.212 0.6477

Figure 1E.

ANOVA F3,18) =135.648, p=4.3e-11

ElavGal4;Gal80" >0N4R 1

ElavGal4;Gal80" >0N4R?! 0.088 £0.0199 | 272.71 4.9e-11
ElavGal4;Gal80" >0N4R?? 0.0545 + 0.006 | 293.05 2.9e-11
ElavGal4;Gal80" >0N4R* 0.647 + 0.080 36.188 2.4e-5

Figure 1F.

ANOVA F2,35) = 143.048, p=5.505e-17

w!8>0N4R??

40.506 * 1.030

ElavGal4;Gal80®> w18

60.492 +1.746 | 119.56

1.65e-12
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ElavGal4;Gal80" >0N4R* 27.596 + 1.223 | 52.768 2.47e-8
ElavGal4;Gal80"> w'!® 60.492 + 1.746

ElavGal4;Gal80" >0N4R* 27.596 + 1.223 | 282.78 | 9.49e-18
Figure 1G. ANOVA F(;,27=3.119, p=0.062
wll8>0N4R?? 66.526 + 2.471

ElavGal4;Gal80%> w'!® 72.845+4.099 | 2.5096 0.1257
ElavGal4;Gal80" >0N4R* 62.930+1.753 | 0.9146 0.3480
ElavGal4;Gal80%> w'!® 72.845 + 4.099

ElavGal4;Gal80" >0N4R* 62.930+1.753 | 6.1794 0.0199

Figure 1H. ANOVA F(3,4,)=13.829, p=2.7e-5
wll8>0N4R?? 27.926 +1.731

ElavGal4;Gal80%> w!!® 26.202 + 2.079 0.502 0.4828
ElavGal4;Gal80" >0N4R* 16.326+ 1.246 | 23.496 1.9e-5
ElavGal4;Gal80%> w!!® 26.202 + 2.079

ElavGal4;Gal80" >0N4R* 16.326+1.246 | 17.031 0.0001
Figure 1I. ANOVA F(3,3=2.963, p=0.0659
wll8>0N4R?? 20.437 +2.228

ElavGal4;Gal80%> w!!® 25.966 + 1.669 5.021 0.0321
ElavGal4;Gal80" >0N4R* 25.598 + 1.250 4.375 0.0445
ElavGal4;Gal80%> w!!® 25.966 + 1.669

ElavGal4;Gal80" >0N4R* 25.598 + 1.250 | 0.0272 0.8701
Genotype Mean + SEM Dunnetts’ p

Figure 2B. ANOVA F(1,13)=99.548, p=3.7e-7
ElavGal4;Gal80" >0N4R ON 1 1
ElavGal4;Gal80" >0N4R OFF 0.544 + 0.046 1.1e-8

Figure 2C.

ANOVA F(1,12=1.012, p=0.3327

ElavGal4;Gal80" >0N4R ON

1

1

ElavGal4;Gal80" >0N4R OFF

1.205+0.114

0.332

Figure 2D.

ON4R?**: ANOVA F(

ON4R: ANOVA F(1,11)=0.145, p=0.711

1,13=4.262, p=0.061

ElavGal4;Gal80™ >0N4R ON 1
ElavGal4;Gal80" >0N4R OFF 1.009 + 0.107 0.7114
ElavGal4;Gal80" >0N4R* ON 1
ElavGal4;Gal80" >0N4R?* OFF 0.836 + 0.046 0.0612

Figure 2E.

ON4R: ANOVA F(1,11)=9.191, p=0.0126
ON4R?**: ANOVA F;,

9=11.556, p=0.0094

ElavGal4;Gal80ts >ON4R ON 1

ElavGal4;Gal80ts >ON4R OFF 1.656 + 0.197 0.0126
ElavGal4;Gal80ts >ON4R?* ON 1

ElavGal4;Gal80ts >0N4R?® OFF 1.879 £ 0.183 0.0094
Genotype Mean + SEM F-Ratio | p

Figure 2F. ANOVA F(3,39=12.466, p=9.6e-6
w!8>0N4R OFF 30.701 + 2.261

ElavGal4;Gal80"> w'!'® OFF 41.380+2.698 | 11.240 0.0019
ElavGal4;Gal80™ >0N4R OFF 32.962 + 2.346 0.504 0.4825
ElavGal4;Gal80™ >0N4R ON 22.034 + 1.548 7.405 0.0099
ElavGal4;Gal80"> w8 OFF 41.380 £ 2.698

ElavGal4;Gal80™ >0ON4R OFF 32.962 + 2.346 6.985 0.0120
ElavGal4;Gal80™ >0N4R ON 22.034+1.548 | 36.891 5.5e-7
ElavGal4;Gal80™ >0N4R OFF 32.962 + 2.346

ElavGal4;Gal80™ >0N4R ON 22.034+1.548 | 11.770 0.0015
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Figure 2G.

ANOVA F(3,43)=17.761, p=1.5e-7

wl®>0N4R?® OFF 25.398 + 2.722

ElavGal4;Gal80%"> w'!'® OFF 33.028 + 1.944 7.395 0.009
ElavGal4;Gal80® >0N4R* OFF 21.768 + 0.991 2.061 0.159
ElavGal4;Gal80® >0N4R* ON 13.839+1.765 | 19.541 7.1e-5
ElavGal4;Gal80%"> w'!'® OFF 33.028 + 1.944

ElavGal4;Gal80® >0N4R* OFF 21.768 £ 0.991 | 18.625 9.8e-5
ElavGal4;Gal80® >0N4R* ON 13.839+1.765 | 50.777 1.1e-8
ElavGal4;Gal80® >0N4R* OFF 21.768 + 0.991

ElavGal4;Gal80® >0N4R* ON 13.839+1.765 | 10.892 0.002
Genotype Mean + SEM Dunnetts’ p

Figure 2H. ANOVA F(1,15)=0.018, p=0.8959
ElavGal4;Gal80"> w'!'® OFF 23.482 £ 1.284 1
ElavGal4;Gal80®> w'!'® ON 23.237 £ 1.308 0.8959
Genotype Mean + SEM F-Ratio | p
Figure 3C. ANOVA F5,40=0.323, p=0.9204
ElavGal4;Gal80® >0N4R OFF 1
ElavGal4;Gal80"™ >0N4R ON 1.091+£0.172 0.128 0.7223
ElavGal4;Gal80® >0N4R OFF

+
50uM Met Blu 1.080 £ 0.121 0.0998 0.7539
ElavGal4;Gal80® >0N4R OFF

+

100uM Met Blu 0.99345 + 0.153 0.001 0.9796
ElavGal4;Gal80® >0N4R OFF

+
250uM Met Blu 1.245 £ 0.211 0.927 0.3425
ElavGal4;Gal80% >0N4R OFF

+
500uM Met Blu 0.952 £ 0.219 0.035 0.8521
ElavGal4;Gal80® >0N4R OFF

+
10004M Met Blu 0.959 £ 0.186 0.023 0.8794
Figure 3D. ANOVA F6,44)=4.142, p=0.0027
ElavGal4;Gal80® >0N4R OFF 1
ElavGal4;Gal80"™ >0N4R ON 0.591 £ 0.090 5.1285 0.0293
ElavGal4;Gal80® >0N4R OFF

+
50uM Met Blu 0.942 £0.118 0.0839 0.7736
ElavGal4;Gal80® >0N4R OFF

+
100uM Met Blu 0.822 £ 0.103 0.7924 0.3789
ElavGal4;Gal80® >0N4R OFF

+
250uM Met Blu 0.269 + 0.069 13.301 0.0008
ElavGal4;Gal80® >0N4R OFF

+
5001M Met Blu 1.034 £ 0.208 0.029 0.864
ElavGal4;Gal80® >0N4R OFF

+
1000uM Met Blu 0.892 £ 0.158 0.289 0.593
Genotype Mean + SEM F-Ratio p
Figure 4A. ANOVA F(19299=1.663 p=0.042
ElavGal4;Gal80"> w8 (2days) 100+ 0
ElavGal4;Gal80®> w18

+
+25011M MetBlu (2days) 99.67 £ 0.333 0.245 0.6212
ElavGal4;Gal80"™ >0N4R (2days) 99.667 £ 0.333 0.245 0.6212
ElavGal4;Gal80" >0N4R

+ -
+ 250uM MetBlu (2days) 100£0 2.7e-32 !
ElavGal4;Gal80®> w18 99.67 £ 0.333
+ 250uM MetBlu (2days)
ElavGal4;Gal80"™ >0N4R (2days) 99.667 £ 0.333 2.7e-32 1
ElavGal4;Gal80" >0N4R
! 100+ 0 0.245 0.6212

+ 250uM MetBlu (2days)
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ElavGal4;Gal80"™ >0N4R (2days)

99.667 + 0.333

ElavGal4;Gal80" >0N4R

+
+ 250uM MetBlu (2days] 100 + 0 0.245 | 0.6212
ElavGal4;Gal80%> w'!® (4days) 100+ 0
ElavGal4;Gal80t> wlli8
! 99.33 £ 0.454 0.979 0.3233
+ 250uM MetBlu (4days)
ElavGal4;Gal80"™ >0N4R (4days) 99.33 £ 0.454 0.979 0.3233
ElavGal4;Gal80"™ >0N4R
+ -
+ 250uM MetBlu (4days) 100£0 1.1e-31 !
ElavGal4;Gal80®> w18
+
+ 250uM MetBlu (4days) 99.33£ 0454
ElavGal4;Gal80"™ >0N4R (4days) 99.33 £ 0.454 4.2e-34 1
ElavGal4;Gal80"™ >0N4R
! 100+ 0 0.979 0.3233
+ 250uM MetBlu (4days)
ElavGal4;Gal80"™ >0N4R (4days) 99.33 £ 0.454
ElavGal4;Gal80"™ >0N4R
+
+ 250uM MetBlu (4days| 100 + 0 0.979 | 0.3233
ElavGal4;Gal80"> w8 (6days) 100+ 0
ElavGal4;Gal80®> w18
+
+ 2504M Metalu (6days) 99 + 0.723 2.203 | 0.1389
ElavGal4;Gal80"™ >0N4R (6days) 99 £ 0.534 2.203 0.1389
ElavGal4;Gal80"™ >0N4R
+ -
+ 250uM MetBlu (6days) 100£0 2.4e-31 !
. ts 1118
ElavGal4;Gal80%> w 99+ 0.723
+ 250uM MetBlu (6days)
ElavGal4;Gal80"™ >0N4R (6days) 99 £ 0.534 6.1e-32 1
ElavGal4;Gal80"™ >0N4R
+
+ 250uM MetBlu (6days| 100 + 0 2.203 | 0.1389
ElavGal4;Gal80" >ON4R (6days) 99 + 0.534
ElavGal4;Gal80"® >0N4R
+
+ 250uM Metalu (6days) 100 + 0 2.203 | 0.1389
ElavGal4;Gal80%> w8 (8days) 100+ 0
ElavGal4;Gal80®> w18
+
+ 2504M Metal (8days) 99 +0.723 2.203 | 0.1389
ElavGal4;Gal80"™ >0N4R (8days) 98.67 £ 0.766 3.916 0.0488
ElavGal4;Gal80"™ >0N4R (8days) 98.67 £ 0.766
ElavGal4;Gal80"™ >0N4R
+
+250uM MetBlu (8days) 99 £ 0.534 2.203 0.1389
. ts 1118
ElavGal4;Gal80%> w 99+ 0.723
+ 250uM MetBlu (8days)
ElavGal4;Gal80"™ >0N4R (8days) 98.67 £ 0.766 0.245 0.6212
ElavGal4;Gal80"™ >0N4R
+ -
+ 250uM MetBlu (8days) 99+0.534 2.7e-32 !
ElavGal4;Gal80"™ >0N4R (8days) 98.67 £ 0.766
ElavGal4;Gal80"™ >0N4R
+
+25011M MetBlu (8days) 99 £ 0.534 0.245 0.6212
ElavGal4;Gal80"> w8 (10days) 99.67+ 0.333
ElavGal4;Gal80®> w18
+
+2501UM MetBlu (10days) 99+0.723 0.979 0.3233
ElavGal4;Gal80® >0N4R (10days) 98.33 £ 0.797 3.916 0.0488
ElavGal4;Gal80® >0N4R
+
+250uM MetBlu (10days) 98 £ 0.655 6.119 0.01396
. ts 1118
ElavGal4;Gal80%> w 99+ 0.723
+ 250uM MetBlu (10days)
ElavGal4;Gal80® >0N4R (10days) 98.33 £ 0.797 0.979 0.3233

48




ElavGal4;Gal80" >0N4R

! 98 + 0.655 2.203 0.1389
+ 250uM MetBlu (10days)
ElavGal4;Gal80" >0N4R (10days) 98.33 £ 0.797
ElavGal4;Gal80" >0N4R

! 98 + 0.655 0.245 0.6212
+ 250uM MetBlu (10days)
Genotype Mean * SEM Dunnetts’ p
Figure 4B. ANOVA F(1,15=0.138, p=0.7154
ElavGal4;Gal80" >0N4R 77.210 £ 1.779 1

. ts
ElavGal4;Gal80" >0N4R + 28.161 + 1.834 0.7154

250uM MetBlu

Figure 4C.

ANOVA F(1,27=10.435, p=0.0033

ElavGal4;Gal80" >0N4R

34.005 + 1.815

1

ElavGal4;Gal80" >0N4R +
250uM MetBlu

23.804 + 2.479

0.0033

Figure 4D. ANOVA F(;,2,)=0.201, p=0.6584
Wwitis 42.675 + 4.298 1
W18 250uM MetBlu 40.213 + 3.297 0.6584
Figure 4E. ANOVA F(1,29 =0.0016, p=0.9681
ElavGal4;Gal80" >0N4R 30.585 + 1.619 1

. ts
ElavGal4;Gal80" >0N4R + 30.487 + 1.817 0.9681

250uM MetBlu

Figure 4F.

ANOVA F(1,14=2.056, p=0.1752

ElavGal4;Gal80" >0N4R

30.584 + 3.218

1

ElavGal4;Gal80" >0N4R +
500uM MetBlu

37.413 +3.521

0.1752

Figure 4G. ANOVA F(1,,3)=0.701, p=0.4115
Witie 26.104 + 2.944 1
W18 500uM MetBlu 30.460 + 4.290 0.4115
Genotype Mean + SEM F-Ratio p
Figure 5A. ANOVA F(1,0=51.036, p=9.8e-5
ElavGal4;Gal80™ >0N4R 1 1
ElavGal4;Gal80™ >0N3R 6.049 + 0.516 7.7e-5

Figure 5B. Soluble: ANOVA F3,15=0.495, p=0.6927
Insoluble: ANOVA F.45) =3.013, p=0.0397
Soluble

ElavGal4;Gal80® >ON3R 1

. ts
ElavGal4;Gal80" >0N3R 10uM 1.042+0.154 | 0.0377 | 0.8492
Met Blu

. ts
ElavGal4;Gal80™ >0N3R 50uM 1.071+0.146 | 0.107 | 0.7495
Met Blu

. ts
ElavGal4;Galg0* >ON3R 100uM 1.246+0.159 | 1.280 | 0.2799
Met Blu

Insoluble

ElavGal4;Gal80® >ON3R 1

. ts
ElavGal4;Galg0* >ON3R 10uM 0.816+0.115 | 1.704 | 0.1984
Met Blu

. ts
ElavGal4;Galg0® >ON3R 50uM 0.578+0.058 | 8.970 | 0.0044
Met Blu

. ts
ElavGal4;Gal80" >0N3R 100uM 0.782+0.133 | 2.484 | 0.1219
Met Blu
Genotype Mean + SEM F-Ratio p
Figure 5C. ANOVA F(23,407=8.534, p=5.le-23
ElavGal4;Gal80"> w8 (2days) 96.765 + 0.851
ElavGal4;Galg80®> w!®

/ 97.353+1.060 | 0.055 | 0.8154
+ 50uM MetBlu (2days)
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ElavGal4;Gal80"™ >0N3R (2days) 98.529 £ 0.713 0.491 0.4839
ElavGal4;Gal80® >0N3R
+
+ 50uM MetBlu (2days) 98.235+0.597 | 0.341 | 0.559
ElavGal4;Gal80®> w18
+
+ 50uM MetBlu (2days) 97.353 + 1.060
ElavGal4;Gal80"™ >0N3R (2days) 98.529 £ 0.713 0.218 0.6406
ElavGal4;Gal80"® >0N3R
+
+ 50uM MetBlu (2days) 98.235+0.597 | 0.123 | 0.7262
ElavGal4;Gal80"™ >0N3R (2days) 98.529 £ 0.713
ElavGal4;Gal80"® >0N3R
+
+ 50uM MetBlu (2days) 98.235+0.597 | 0.014 | 0.9071
ElavGal4;Gal80"> w'!® (4days) 95 +1.213
ElavGal4;Gal80®> w18
+
+ S0uM MetBlu (4days) 96.471+1.407 | 0.341 | 0.5596
ElavGal4;Gal80"™ >0N3R (4days) 93.529 + 1.647 0.341 0.5596
ElavGal4;Gal80"® >0N3R
+
+ S0uM MetBlu (4days) 94706+ 1.740 | 0.014 | 0.9071
ElavGal4;Gal80®> w18
+
+ 50uM MetBlu (4days) 96.471+1.407
ElavGal4;Gal80"™ >0N3R (4days) 93.529 + 1.647 1.364 0.2436
ElavGal4;Gal80® >0N3R
+
+ 50uM MetBlu (4days) 94706+ 1.740 | 0.491 | 0.4839
ElavGal4;Gal80"™ >0N3R (4days) 93.529 + 1.647
ElavGal4;Gal80"™ >0N3R
+
+50uM MetBlu (4days) 94.706 £ 1.740 0.218 0.6406
ElavGal4;Gal80"> w8 (6days) 93.529 + 1.532
ElavGal4;Gal80®> w18
+
+ 50uM MetBlu (6days) 94.118+1.5597 | 0.055 | 0.8154
ElavGal4;Gal80"™ >0N3R (6days) 89.412 £1.813 2.673 0.1028
ElavGal4;Gal80"® >0N3R
+ .
+ S0uM MetBlu (6days) 88.529+1.807 | 3.942 | 0.0478
ElavGal4;Gal80®> w18
+
+ 50uM MetBlu (6days) 94.118 + 1.5597
ElavGal4;Gal80"™ >0N3R (6days) 89.412 £1.813 3.492 0.0624
ElavGal4;Gal80"® >0N3R
+
+50uM MetBlu (6days) 88.529 £1.807 4,924 0.0271
ElavGal4;Gal80"™ >0N3R (6days) 89.412 £1.813
ElavGal4;Gal80"® >0N3R
+
+50uM MetBlu (6days) 88.529 £1.807 0.123 0.7262
ElavGal4;Gal80"> w'!® (8days) 91.471 £ 1.471
ElavGal4;Gal80®> w18
+
+501M MetBlu (8days) 92.941 £ 1.549 0.341 0.5596
ElavGal4;Gal80"™ >0N3R (8days) 87.353 £1.923 2.673 0.1028
ElavGal4;Gal80"® >0N3R
+ .
+501M MetBlu (8days) 83.529 £ 2.804 9.944 0.0017
ElavGal4;Gal80®> w18
+
+ 50uM MetBlu (8days) 92.941£1.549
ElavGal4;Gal80"™ >0N3R (8days) 87.353 £1.923 4,924 0.0271
ElavGal4;Gal80"® >0N3R
+
+50uM MetBlu (8days) 83.529 + 2.804 13.968 0.0002
ElavGal4;Gal80"™ >0N3R (8days) 87.353 £1.923
ElavGal4;Gal80"® >0N3R
+
+501M MetBlu (8days) 83.529 + 2.804 2.305 0.1298
ElavGal4;Gal80"> w8 (10days) 90.882 + 1.5597
ElavGal4;Gal80®> w18 91.176 £ 1.518 0.014 0.9071
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+ 50uM MetBlu (10days)
ElavGal4;Gal80® >0N3R (10days) 86.176 £ 2.123 3.492 0.0624
ElavGal4;Gal80"™ >0N3R
+ .
+ 504M MetBlu (10days| 82.059 +2.910 | 12.276 | 0.0005
ElavGal4;Gal80®> w18
+
+ 50uM MetBlu (10days) 91.176 £ 1.518
ElavGal4;Gal80® >0N3R (10days) 86.176 £ 2.123 3.942 0.0478
ElavGal4;Gal80® >0N3R
+
+ 50uM MetBlu (10days] 82.059 +2.910 | 13.108 | 0.0003
ElavGal4;Gal80® >0N3R (10days) 86.176 £ 2.123
ElavGal4;Gal80® >0N3R
+
+ 50uM MetBlu (10days] 82.059+2.910 | 2.673 | 0.1028
ElavGal4;Gal80"> wl!® (12days) 89.412 +1.813
ElavGal4;Gal80t> wlli8
' 91.176 £ 1.518 0.491 0.4839
+ 50uM MetBlu (12days)
ElavGal4;Gal80® >0N3R (12days) 85.588 + 2.095 2.305 0.1298
ElavGal4;Gal80® >0N3R
' 79.118 £ 3.008 16.709 5.3e-5
+ 50uM MetBlu (12days) €
ElavGal4;Gal80®> w18
+
+ 50uM MetBlu (12days) 91.176£1.518
ElavGal4;Gal80® >0N3R (12days) 85.588 + 2.095 4,924 0.0271
ElavGal4;Gal80® >0N3R
+ de-
+ 50uM MetBlu (12days] 79.118 +3.008 | 22.929 | 2.4e-6
ElavGal4;Gal80" >0N3R (12days) 85.588 + 2.095
ElavGal4;Gal80"® >0N3R
' 79.118 £ 3.008 6.602 0.0106
+ 50uM MetBlu (12days)
Genotype Mean + SEM Dunnetts’ p
Figure 5D. ANOVA F(1,23=0.107, p=0.7470
ElavGal4;Gal80® >0N3R 61.532  2.408 1
. ts
ElavGal4;Gal80® >0N3R + 50uM 62.742 +2.815 0.7470
MetBlu
Figure 5E. ANOVA F(1,28=9.407, p=0.0049
ElavGal4;Gal80"® >0N3R 33.772 £ 2.136 1
. ts
ElavGal4;Gal80® >0N3R + 50uM 24.232 + 2,201 0.0049
MetBlu
Figure 5F. ANOVA F(1,20=4.120, p=0.0566
ElavGal4;Gal80"® >0N3R 30.408 £ 3.872 1
. ts
ElavGal4;Gal80® >0N3R + 50uM 36.975 + 2.589 0.0566
MetBlu
Figure 5G. ANOVA F(1,28=0.113, p=0.7397
Wit 23.995 £ 2.303 1
W18 4+ 50uM MetBlu 22.931+£2.180 0.7397
Figure 5H. ANOVA F(1,25) =0.007, p=0.936
ElavGal4;Gal80® >0N3R 34.074 £ 4.120 1
. ts
ElavGal4;Gal80® >0N3R + 10uM 34.520 + 3.649 0.936
MetBlu
Figure 5. ANOVA F(1,23=0.571, p=0.458
ElavGal4;Gal80"® >0N3R 39.685 * 2.389 1
ElavGal4;Gal80" >0N3R +
+
100pM MetBlu 37.081 £ 2.485 0.458
Figure 5J. ANOVA F(1,23=7.211, p=0.0135
ElavGal4;Gal80" >0N4R 24.318 £3.448 1
. ts
ElavGal4;Gal80® >0N4R + 50uM 12.492 + 2.739 0.0135
MetBlu
Figure 5K. ANOVA F(1,22)=2.576, p=0.1234
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ElavGal4;Gal80" >0N4R 27.778 £ 2.615 1
ElavGal4;Gal80" >0N4R +
100uM MetBlu 22.875 % 1.420 0.1234
Genotype Mean + SEM Dunnetts’ p
Figure 7A. ANOVA F(1,11)=37.416, p=0.0001
ElavGal4;Gal80" >0N4R 1 1
LeoGal4;Gal80" >0N4R 14.199 + 1.586 0.0001
Figure 7B. ANOVA F(1,11)=34.926, p=0.0001
ElavGal4;Gal80® >0N4R% 1 1
LeoGal4;Gal80" >0N4R* 4.341 +0.671 0.0001
Genotype Mean + SEM F-Ratio p
Figure 7C. ANOVA F(3,39=1.527, p=0.2306
LeoGal4;Gal80®™ >w1!!18 37.573 £ 3.367
W18 5 ON4R 31.291 £ 2.029 2.308 0.1372
LeoGal4;Gal80" >0N4R 31.915 + 2.564 2.201 0.1463
W18 5 ON4R 31.291 £ 2.029
LeoGal4;Gal80" >0N4R 31.915 + 2.564 0.0234 0.8792
Figure 7D. ANOVA F(3,39=2.706, p=0.0799
LeoGal4;Gal80®™ >w1!18 35.773 £ 3.475
W18 > ON4R22 29.079 £ 2.046 3.2223 0.0808
LeoGal4;Gal80" >0N4R* 27.518 + 2.306 4.9009 0.0331
W18 > ON4R?2 29.079 £ 2.046
LeoGal4;Gal80" >0N4R* 27.518 + 2.306 0.1899 0.6655
Genotype Mean + SEM Dunnetts’ p
Figure 7E. Soluble: ANOVA F(1,11)= 291.294, p=1.0e-8
Insoluble: ANOVA F(;,11)=49.499, p=3.6e-5
Soluble
ElavGal4;Gal80" >0N4R 1 1
LeoGal4;Gal80" >0N4R 5.256 + 0.249 6.9e-10
Insoluble
ElavGal4;Gal80" >0N4R 1 1
LeoGal4;Gal80" >0N4R 4.445 + 0.447 3.1e-5

Figure 7F.

ANOVA F(1,23=0.719, p=0.4797

LeoGal4;Gal80" >0N4R

72.327 + 2.333

1

LeoGal4;Gal80" >0N4R + 10puM
MetBlu

69.959 + 2.324

0.4797

Figure 7G.

ANOVA F(1,23=6.768, p=0.0163

LeoGal4;Gal80" >0N4R

37.588 + 3.709

1

LeoGal4;Gal80" >0N4R + 10puM
MetBlu

26.842 + 1.816

0.0163

Figure 7H.

ANOVA F(1,23=6.192, p=0.0209

LeoGal4;Gal80" >0N4R*

40.723 £ 2.455

1

LeoGal4;Gal80" >0N4R% + 10uM
MetBlu

30.747 + 3.169

0.0209

Table 4. Collective statistics Table.

The means and SEMs for Immediate Memories (Learning) PSD-M and PSI-M performance and
viabilities (Fig 4A and 5C), of the indicated genotypes are shown. Following the indicated
ANOVA the means were compared using planned multiple comparisons. Significant

differences are highlighted in bold.
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