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Abstract:

Synapses play pivotal roles in regulating a variety of brain functions. Such synaptic
activities are supported and regulated by synaptic molecules and their interactions. Once
homeostatic molecular balance is impaired neurological symptoms such as motor, sensory
or cognitive defects can arise depending upon the physiological roles of synapses
involved. Thus, itis fundamental to identify the primary molecular/cellular target impaired
by pathogenic molecules. As such we have highlighted vesicle endocytosis that is impaired
by both a-synuclein inducing Parkinson’s disease (PD) and tau inducing Alzheimer’s
disease (AD) in our slice model, where these pathogenic proteins were directly loaded in
presynaptic terminals. During this FY, we have developed a culture model in which
endogenous pathogenic proteins can be accumulated in presynaptic terminals after
chronic treatment with the human pre-formed fibrils of a-synuclein or tau. This model is
based on the mechanism of trans-neuronal propagation of pathogenic proteins like prion
by which endogenous proteins are seeded by impaired degradation. In this seeding culture
model, we have reproduced results in our slice models. Thus, pathogenic protein
accumulation causes microtubule over-assembly in presynaptic terminals, thereby
sequestering cytosolic dynamins essential for vesicle endocytosis. This culture model
also provides a therapeutic platform for screening reagents that prevent pathogenic protein
accumulation by stimulating autophagic degradation. So far, we have found one reagent,
which reverses a-synuclein seeding. Hence, we have highlighted multiple therapeutic
possibilities commonly against PD and AD symptoms, including microtubule
disassemblers, microtubule-dynamin binding inhibitor peptide (PHDP5) and an autophagy

stimulating reagent. Presently, we are applying these reagents intra-nasally to transgenic

tauopathy mice to test whether memory deficits can be rescued in water-maze task.
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3. Activities and Findings:

Microtubule assembly by tau impairs endocytosis and neurotransmission
via dynamin sequestration in Alzheimer’s disease synapse model (Hori T et
al, 2022 eLife 11, e73542).

Recombinant wild-type (WT) monomeric human tau (h-tau) protein infused into
the presynaptic terminal reduced EPSCs to ~20 % in 30 min. The rundown of
EPSCs by tau was stronger when stimulation frequency was higher.

In capacitance measurements, when tau was loaded by diffusion from
presynaptic pipette, endocytic capacitance changes first became slower.
Thereafter, exocytic magnitude underwent a decline. These results indicate that
the primary target of tau is vesicle endocytosis. As a result of endocytic slowing
vesicle recycling is slowed, thereby decreasing exocytosis.

Co-loading of nocodazole (20 uM) with tau into calyceal terminals prevented
endocytic impairments by tau and EPSC rundown by tau. Thus, MT disassembler
can be a potential therapeutic candidate for symptoms associated with AD as well
as with PD.

Vesicle endocytosis highly depends upon the GTPase dynamin and we noticed
that dynamin was originally discovered as a MT-binding protein. We then raised
a hypothesis that MTs newly assembled by accumulated tau might sequester
cytosolic dynamins, thereby blocking endocytosis.

In immunocytochemical analysis tau was loaded from whole-cell pipette and
loaded terminals were chemically fixed and permeabilized with a detergent to
allow soluble small molecules to be washed out of the terminals to gain signal to
noise ratio for bound-form molecular detection. Calyceal terminals loaded with
h-tau was identified using h-tau antibody. Tubulin staining in such a terminal
revealed an increase in MT. Furthermore, bound fraction of dynamin significantly
increased in these terminals. Super-resolution confocal optics analysis of such
terminals indicated co-localizations of dynamin with MTs and tau.

Since intra-terminal loading of h-tau induced MT-formation and cytosolic
dynamin reduction, interference of MT-dynamin binding could rescue vesicle
endocytosis and exocytic transmitter release impaired by h-tau. Since the MT-
dynamin binding site is unidentified, we synthesized 24 small peptides
corresponding to the different regions of Pleckstrin-homology (PH) domain and
proline-rich domain (PRD) of dynamin 1. Among them a dodeca peptide
corresponding to 560-571 of PH domain significantly inhibited MT-dynamin 1
binding. This peptide, which we named PHDPS5, rescued endocytosis and



neurotransmission impaired by tau-loading, when co-loaded into calyceal
terminals with tau. Control scramble peptide had no such effect. Thus, PHDP5
might be utilized for AD therapy as well as for PD therapy.

We then conjugated PHDPS with FITC and amino acid sequence known to
permeate the blood-brain-barrier and intra-nasally applied to the transgenic
tauopathy mice tau609. We found it entered into olfactory bulbs and then reached
the hippocampal region. We are currently testing its learning/memory restoring
potency using water maze task.

Establishment of culture seeding model for target identification and
therapeutic reagent screening for PD and AD (Dimitrov et al, manuscript in
preparation).

Chronic treatment of murine cochlear neuronal culture with human a-synuclein
preformed fibrils seeded murine endogenous a-synuclein in cochlear neurons,
showing accumulation of a-synuclein in calyceal presynaptic terminals.
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This accumulation of a-synuclein was accompanied by MT binding. Vesicle
acidification pHIluorin assay indicated impaired endocytosis in such terminals.
Likewise chronic treatment of culture neurons with human tau PFF caused
accumulation of murine endogenous tau, which over-assembled MT thereby



impaired vesicle endocytosis in presynaptic terminals. Lenti-viral infection of
dynamin 1 rescued this endocytic impairment by tau. Thus, results obtained in
slice model are fully reproduced in this culture model, indicating that accumulation
of endogenous pathogenic proteins in presynaptic terminals causes synaptic
dysfunction during trans-neuronal propagation. This culture seeding model will

provide a platform on which reagents blocking AD/PD progression can be
screened.

Development of fast and specific cAMP indicator for live neuronal imaging
(Kawata et al, 2022 PNAS 119, e2122618119).
Based upon a bacterial cAMP-binding protein, we have developed a highly

specific CAMP indicator covering the range of 0.2-20 uM with a sub-second time
resolution.
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By conjugating with cpGFP and mCherry, this cAMP probe is reformed to ratio-
metric probe usable for quantification of cCAMP concentration.

cpGFP mCherry DIC Merged

This cAMP-specific indicator would be widely used as a standard probe in various
neuronal systems together with the calcium indicator GCaMP.
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