The Convergent
Catastrophe:
Autolysosomal
Acidification Failure as
the Central Node in
Neurodegeneration

An analysis of the multifactorial
etiologies driving a common
pathological endpoint in Alzheimer's,
Parkinson's, and related diseases.
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Neuronal Survival Demands a Precise Proton Gradient

Post-mitotic neurons cannot dilute toxic waste HEALTHY NEURON

DISEASED NEURON

through cell division; they depend entirely on the
autophagy-lysosomal pathway (ALP) for
lifelong proteostasis.

The engine of this pathway is the lysosomal
proton gradient. Maintaining a luminal pH of
4.5-5.0 is a thermodynamic imperative.

This acidity is not just for enzymatic activity; it is
an electrochemical potential that powers solute
transport and organelle fusion.

Failure leads to ‘Lysosomal Storage’: When the

gradient collapses, hydrolases like cathepsins Autophado e
become inert. Undigested substrates (AB, “
a-synuclein, mitochondria) accumulate in giant,

Autolysosome

non-degradative autolysosomes—a convergent Lysosome
feature of AD, PD, and ALS.

mitochondria
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The V-ATPase is the Nanomotor at the Heart of Acidification

 The Vacuolar-type H*-ATPase
(V-ATPase) is the primary engine of
lysosomal acidification.

* |tis arotary nanomotor that couples
ATP hydrolysis to proton translocation
into the lysosomal lumen.

* |ts dysfunction is the most direct cause
of acidification failure, akin to an engine
seizing in the cell’s recycling plant.

 The V-ATPase is also a critical metabolic
sensor, interacting with the
Ragulator-mTORC1 complex to signal
nutrient status. Dysfunction creates a
dual deficit in degradation and signaling.
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Diverse Pathologies Converge on a Single Point of Failure

THE ENGINE COMMAND & CONTROL

V-ATPase Integrity & Kinase Signaling &
Assembly Defects. Trafficking Dysregulation.

DIRECT SABOTAGE THE SUPPLY CHAIN
Metabolite-Driven Fusion Machinery &
Inhibition. Transport Logistics Failure.

Autolysosomal
Acidification
Failure (pH > 6.0)

THE POWER GRID EXTERNAL THREATS
lon Homeostasis & Glial Crosstalk &
Counter-Current Failure. Environmental Insults.

This analysis deconstructs the six major systems whose failures compromise the neuronal proton gradient.
A NotebookLM



A Broken Assembly Line Starves the Lysosome of its Proton Pump

Functional V-ATPase pumps must be correctly assembled in
the ER and trafficked to the lysosome. Failures in this
process are catastrophic.

Section 1: Chaperone Failure (XMEA)
* Mechanism: The ER chaperone VMAZ21 is essential for
assembling the VO proton pore. VMA21 deficiency stalls
assembly, leading to a chronic lack of pumps.

* Disease: X-linked Myopathy with Excessive Autophagy
(XMEA).

Section 2: The Presenilin-1 Connection (Alzheimer's
Disease)

» Mechanism: Presenilin-1 (PS1) acts as a specialized
chaperone for the V0a1l subunit, facilitating its N-
glycosylation in the ER. Without proper glycosylation,
VO0a1l is misfolded and degraded.

* FAD Mutations: Familial AD mutations in PSEN1 disrupt
this chaperone function. Neurons exhibit a drastic
reduction in lysosomal VO0a1, elevating pH from ~4.5 to
>6.0.

* Feed-Forward Loop: This alkalization impairs
autophagosome-lysosome fusion.

Prepared for Dr. J mes Truchard and Benjamin Gustafsson
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A Toxic Metabolite Directly Jams the V-ATPase Motor

Beyond assembly, the catalytic activity of the V-ATPase can G
be directly inhibited by accumulating protein fragments.

The Culprit: APP-BCTF

Intracellular accumulation of the B-C-terminal fragment of | " —
APP (APP-BCTF) is a primary driver of acidification failure in Vi ‘ ‘ - %
Alzheimer's Disease. | B

: : il Alzheimer's Disease
The Mechanism: Steric Inhibition 3 App.goTE  Comnection
APP-BCTF embeds in the lysosomal membrane and binds P

directiy to the V-ATPase complex, effectively "jamming"” the VO C :

proton-pumping motor. ezl

A

\

The Phosphorylation Switch

Toxicity is exacerbated by phosphorylation of APP-BCTF at
its Y682 residue (YENPTY motif). Phosphorylated APP-BCTF

has a significantly higher binding affinity for the V-ATPase. 500 e b ' YENPTRE
Lysosomal £ \b
Prevalence membrane l Increased
Bindin
Central to both Alzheimer's and Down Syndrome, where the Prmgﬂjgll{ig H Affinit?
extra APP gene copy drives overproduction of APP-BCTF. H*
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Sustained Pumping Requires a Balanced Electrical Grid

Proton pumping is electrogenic. It creates a positive Cytosol

charge inside the lysosome that opposes further

pumping. This voltage must be dissipated by a “shunt” V-ATPase CIC-7/ TMEM175  ATP13A2
current of other ions. ®) G

Mechanism 1: Chloride Influx (The Primary Shunt) | @

Player: CIC-7 / OSTM1 complex (2CI-/1H+ antiporter).
Pathology: Loss causes severe neurodegeneration (NCL).

Reeee
NI
W

< -
se o

Mechanism 3: Zinc Efflux (The Toxin Remover) V-ATPase gg‘;f:ﬂ: TMEM175  ATP13A2

Player: ATP13A2 (PARK9), a P5-type ATPase.
Pathology: Loss leads to excess lysosomal Zinc, which Lysosomal Lumen
directly inhibits V-ATPase.

rrrrrrrrrrrrr . James Truchard and Benjamin Gustafsson

Mechanism 2: Potassium Efflux (The Potential Regulator)
Player: TMEM175 (K+ channel), a major Parkinson's
Disease risk factor.

Function: Sets membrane potential; dysfunction impairs
a-synuclein degradation.
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Hijacked Kinase Signaling Traps Lysosomes in a Non-Acidic State

In Parkinson's Disease, hyperactive LRRK2

kinase initiates a signaling cascade that LRRK?
disrupts lysosomal trafficking and maturation. (G2019S mutation)
e Nucleus
The LRRK2 Pathological Cascade:
e e e B . i Centmsume =S \\\l \ S
1. Hyperactivation: PD-linked mutations (e.g., Rab10 protein =)
G2019S) increase LRRK2 kinase activity. = w
2. Substrate Phosphorylation: LRRK2 : i l TN x%“\ﬁ:;
hyperphosphorylates Rab10 on the / /i o\ %h
lysosomal surface. » ' O A Y,
3. Effector Recruitment: Phospho-Rab10 i
recruits the effector protein RILPLI.
4. Motor Interference: The complex anchors Lysosome . ba
lysosomes to the centrosome, interfering Failure of Acidic @
with dynein motor function. Maturation

The Consequence: Centrosomal Trapping

Lysosomes fail to undergo normal retrograde
transport to the perinuclear region where they / Nucleus \
fully mature and acidify.

A Second Hit: Transcriptional Repression LRRK2 LRRK2 ' TFEB I CLEAR gene network
LRRK2 signaling also sequesters TFEB in the

cytoplasm, preventing it from activating the Cvtoplasm

CLEAR gene network. L Dormant /Inactive

Prepared for Dr. J mes Truchard and Benjamin Gustafsson
Drafted by Gemini i3.0

&1 NotebookLM



Broken Logistics Stall Degradation Before it Can Begin

Acidification of cargo occurs after the autophagosome fuses with a competent lysosome.
Failures in fusion or transport are functionally equivalent to pump failure.

Problem 1: Fusion Failure (The Final Handshake) Problem 2: Axonal Transport Failure (The Long
Journey Home)

e The Neuronal SNARE Switch: Neurons e The Axonal pH Gradient: Lysosomes mature
primarily use a STX17-SNAP47-VAMPS8 and acidify as they are transported from the
complex. Disruptions block fusion. distal axon (pH ~6-7) to the soma (pH ~4.5-5).

e The HOPS Tether: Mutations in the HOPS » Motor Failure: Mutations in the dynein motor
complex (via VES41) prevent tethering. stall this retrograde transport, stranding

immature lysosomes in the axon.
SNAP47 VPS41

O i Retrograde { Y
TransportStalled S \
:QF{ (f | ﬂ?luﬁ:;‘?'—' "“‘\w\.
7AN S ffffeEiini
SNARE/HOPS Soma Distal Axnl\
Autophagosome Complex Lysosome (PH ~4.5-5) (PH ~6-7)
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A Toxic Neighborhood Can Induce Neuronal Lysosomal Failure

Neuronal acidification is profoundly influenced by the \ / .,
health of surrounding glial cells. Glial dysfunction N ﬂ,l p Dy;sfunctinnal
transmits toxicity to neurons via non-cell-autonomous 2\ /f I / e Stmcﬁe
mechanisms. N\ | L )
\ ‘ | _::ifp r Q
: : : weumn / :
Microglia: Defective Waste Collectors Healthy | / -
e Progranulin (GRN) Deficiency (FTD): Causes microglial 3'5”’5”"? 0 &
acidification failure. They become engorged with @ " , Y
myelin debris and adopt a neurotoxic phenotype. @- ) Toxic L M\
 The Microglial PS1 Switch: Failure prevents clearance E:«[:g%nqu}es f ;
of plaques, driving chronic inflammation. _
?/” N Myelin
Astrocytes: Poisoning the System x’ Debfls
» Lysosomal Storage (MSD): Astrocytes fail to provide j/ \ j .
metabolic support. : :) < 4!'
 Toxic Exosomes (ALS): Dysfunctional astrocytes / ' Neuron ‘ Inflammatory < @
=g P £ f 'E" . U
secrete exosomes containing misfolded proteins (e.g., Cytokines ﬁ\) ﬁj ﬁ\
SO[}U. Neurons internalize this “trash,” overwhelming == 7 \& } V2 o M eroglia
their own lysosomal system. FTD N
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Environmental Toxins and Drugs Directly Target the

Acidification Machinery

External agents can mimic genetic defects by chemically attacking the V-ATPase,
disrupting ion gradients, or collapsing the energy supply required for pumping.

Heavy Metals

» Lead (Pb) & Cadmium (Cd): Induce
oxidative stress. Cadmium directly
oxidizes cysteine residues in the V-
ATPase, inactivating the pump.

Pharmacological Agents

 Chloroquine (CQ): A weak base that
chemically buffers and neutralizes

the acidic pH.

Prepared for Dr. James Truchard and Benjamin Gustafsson

Pesticides

» Rotenone & Paraquat: Inhibit
mitochondrial Complex [, causing an
ATP enerqy crisis.

 Chlorpyrifos (CPF): Correlates with
a-synuclein accumulation.

Proton Pump Inhibitors

 Lansoprazole (PPIs): Gastric acid
drugs are associated with neuropathy
and may have off-target effects on the
neuronal V-ATPase.
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Understanding the Failure Modes Unlocks New Therapeutic Strategies

A nuanced understanding of acidification failure allows for the development of precision therapies that
go beyond simply inducing autophagy.

e
Strategy 1: Direct
Re-Acidification

Acidic
Nanoparticle
(PLGA-aNP)

’;I)i-

Nucleolipids

Mechanism

Deliver acidic compounds directly to
the lysosome to mechanically lower pH

Examples

Acidic Nanoparticles (PLGA-aNP),
Nucleolipids

Status
Preclinical

Prepared for Dr. James Truchard and Benjamin Gustafsson
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Strategy 2: Boosting
the Pump

Lysosomal

V-ATPase
Agonist

Etidronate
(also lowers
Ataxin-2)

v

Mechanism

Use small molecules to allosterically
enhance V-ATPase pumping activity

Examples

V-ATPase Agonists, Etidronate
(also lowers Ataxin-2)

Status
Discovery [ Clinical Repurposing

A

Strategy 3: Modulating
Ion Channels

TPC2-A1-P Na®* 7n2+ - Clioguinol
O

o

TPC2
Channel

Zinc
Transporter

Ma*, Ca®*

Lysosomal

Mechanism

Activate channels that support
acidification or reduce lysosomal
burden

Examples

TPC2 Agonists (TPC2-A1-P),
Clioquinol (Zinc chelator)

Status
Preclinical

=
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Strategy 4: Restoring
System Function

GRN Deficiency

|
X6 Qo
! 17

Mechanism

Target upstream defects in signaling
or protein function

Example

C381 (restores lysosomal function in
GRN-deficlent models)

Status
Preclinical
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Acidification Failure is the Achilles’ Heel
of the Post-Mitotic Neuron

The inability to clear waste over a lifetime is the I THE PORES
neuron's fundamental vulnerability. Autolysosomal

acidification is the linchpin of this clearance process.

We have demonstrated that a diverse array of genetic, \ N

metabolic, environmental, and cell-extrinsic pathologies THE

converge on this single, catastrophic failure point. SABOTAGE

COMMAND
& CONTROL

The resulting accumulation of toxic substrates creates
a vicious feedback loop, exacerbating the initial defect
and driving neurodegeneration.

\ 44— #H5C6770
Future therapeutic success depends on precision

medicine: diagnosing the specific cause of failure—be

it a broken pump, a missing chaperone, or a traffic EXTERNAL THREATS SUPPLY CHAIN
jam—and deploying a targeted intervention. #008080 #6A4CO3 =B

p—

—
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Mapping Pathogenic Mechanisms to Neurodegenerative Disease

O: s R

Alzheimer's Disease Parkinson's Disease FTD/ALS Other NDDs

£ PS1: Impaired VO0al VMA21: Chaperone failure
V-ATPase Assembly chaperoning/glycosylation. (XMEA).

APP-BCTF: Steric inhibition
Direct Inhibition of pump, enhanced by Y682

phosphorylation.
TMEM?175: K+ channel
: dysfunction, pH instability. CIC-7 [ OSTM1: Chloride
lon Homeostasis ATP13A2 (PARK9): shunt failure (NCL).

Lysosomal Zinc accumulation.

LRRK2 (G2019S):

Kinase Signaling Hyperphosphorylates Rab10,
causing centrosomal trapping.

GRN: Microglial acidification
failure (FTD).

SOD1: In toxic astrocyte
exosomes (ALS).

Glial Crosstalk

Fusion / Transport

Prepared for Dr. James Truchard and Benjamin Gustafsson

Drafted by Gemini3.0 & NotebooklLM




