A Unified Theory of Neuronal Failure in Alzheimer'’s, Parkinson's, and Beyond

The Collapse

“The contemporary understanding of neurodegenerative diseases is fragmented by a focus on distinct
proteinopathies... these proteins are merely the visible detritus of a shared, underlying systemic failure.”
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Five Diseases. Five Proteins. One Shared Fate.

Alzheimer's Parkinson’s ALS /FTD Huntington’s Other Proteinopathies
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Dying Neuron (Shared Fate)

The Paradox The Impasse
If the initiating protein culprits are different, why is the crime This fragmentation explains why our single-target therapeutic
scene—a dying neuron—always the same? approaches have consistently failed to alter the course of these diseases.

We have been treating the symptoms of a deeper, systemic collapse.
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Shift the Focus: From the ‘What’ to the ‘Where’

The problem is not the specific type of waste.
The problem is the catastrophic failure of the
waste management system operating within
a uniquely constrained biological machine.
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The Neuron: A High-Performance Machine on a Razor’s Edge
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LOW ENERGY
Post-Mitotic Extreme Geometry Exorbitant Energy Budget
Cannot dilute intracellular Axonal volumes exceed the Operates on a razor-thin energy
waste through cell division. soma by orders of magnitude, margin. The majority of ATP
The neuron must maintain its creating a massive logistical (~50-60%) is non-negotiably
proteome for the entire ‘supply chain’ problem. allocated to signaling (ion
lifespan of the organism. pumping), forcing a
Waste generated distally must thermodynamic trade-off
be transported up to a meter to between immediate survival and
the soma for disposal. long-term maintenance.
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The Autophagy-Lysosome Pathway:
The Cell’s Disassembly Line

Energy Sensor:
QI mTORC1
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Key Insight: This is a just-in-time manufacturing system reversed: a disassembly line. If

any single stage fails, the entire workflow halts, and the backlog accumulates immediately.
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ALS/FTD
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A Forensic Analysis of System Failure:

The Choke Points
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Each neurodegenerative
disease can be diagnosed as a
distinct, primary choke point
within the Autophagy-
Lysosome Pathway.

While the initial point of
failure differs, the downstream
consequence—total system
collapse—is identical.

We will now examine the
forensic evidence for each
case.
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Case File #1: Alzheimer’'s — The Incinerator is Cold

Primary Choke Point: Lysosomal

Initiation | mTORCT | R .
l Acidification Failure
Nueleation & e Mechanism of Failure
Elongation The v-ATPase proton pump is jammed.
¢ e Familial AD: PSEN1 mutations lead to defective
assembly of the v-ATPase pump.

Cargo 62 € . .
Rec?jgmtim @ Cargo e Sporadic AD: The APP C-terminal fragment (-

CTF) directly binds to and inhibits the pump.

The Incinerator

= (( ) pH > 6.0, System Consequence
| Enzymes Inactive v . i
Lo Traffic Jam.” Autophagosomes successfully fuse with

Autophagosome |  Lysosome lysosomes, but the cargo is not digested because the
internal pH rises above 6.0, inactivating the enzymes.
: The This creates a state of High Input, Blocked Output,
Degradation Incinerator leading to a massive pileup of undigested

Autophagic Vacuoles (AVs).

Autolysosome
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Case File #2: Parkinson’s — The Power Plant is Offline

Autophagy-Lysosome Pathway (ALP) Primary Choke Point: Mitophagy Arrest.
o Nucleation & Cargo - :
Initiation Elongation Recngnitio.ﬂm Fusion Degradation Mechanism Of Failure
(e o A L Fes -\ The PINK1/Parkin quality control pathway fails.
—_— = e — o . i . B Ay . .
>/ ALY Damaged mitochondria are not tagged for removal
Autophagosome  Lysosome due to genetic mutations or interference from

a-synuclein aggregates.

System Consequence
‘Energy Crisis & Vicious Cycle.

l.' f 1. Supply Drop: Damaged mitochondria produce
N less ATP, starving the energy-intensive

clearance machinery.
2. Damage Increase: They also leak Reactive

Oxygen Species (ROS), which damages
lysosomes and other cellular components.
4 \'\ 3. Feedback Loop: The failing lysosomes cannot

clear the damaged mitochondria, ensuring
rapid, catastrophic system failure.

ATP Supply
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Case File #3: ALS /| FTD — The Logistics Network is Corrupted
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Primary Choke Point:
Cargo Recognition & Logistics.

Mechanism of Failure

Trafficking Defect (C90rf72): Dysfunction of the C9orf72
protein, a master regulator of vesicle trafficking, stalls
autophagy at initiation or causes vesicles to be misrouted.
Recognition Defect (p62/OPTN): Mutations in autophagy
receptors prevent the system from “seeing” and loading
ubiquitinated cargo like TDP-43.

System Consequence

‘Routing Error.’ The specific toxic cargo is left behind in
the cytoplasm. The paradox of functional bulk autophagy
co-existing with toxic protein accumulation is explained by
this failure to load the correct payload.
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Case File #4: Huntington’s — The Trucks are Running Empty
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Primary Choke Point: Cargo Loading Failure.

Mechanism of Failure

Mutant Huntingtin (mHTT) physically interferes
with the scaffolding machinery, preventing
autophagic vesicles from efficiently engulfing
cytosolic cargo. Electron microscopy reveals
“barren” vesicles.

System Consequence

“Futile Cycling.” The cell senses accumulating waste
and upregulates autophagy induction, expending
massive amounts of ATP to build “empty trucks.”
This energetic drain accelerates the depletion of the
neuron’s resources for zero clearance benefit, like
an engine running at high RPM in neutral.
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Different Paths, Same Destination: Convergent Autophagic Collapse

Acidification Failure (AD)

Mitophagy Arrest (PD) Total Flux Arrest
& Thermodynamic

Logistics Error (ALS/FTD) Insolvency

Loading Failure (HD)

Disease Primary Choke Point Therodynamic Consequence

Alzheimer’s Lysosome (Acidification) High cost of futile pumping

Parkinson’s Mitochondria (Mitophagy) ATP Supply Drop < Demand; ROS Damage

ALS /FTD Logistics (Recognition/Traffic) Waste accumulates despite functional system

Huntington’s Cargo Loading (Engulfment) High ATP waste on empty vesicle formation

CONVERGENCE SYSTEM COLLAPSE ATP Demand > Supply; Entropic Death
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The Collapse is a Phase Transition, Not a Slow Decline

Tipping Point

State A: Healthy (High ATF [/ Low Waste)

:
|
|
|
|
| Proteostatic Load (L) > Autophagic Capacity (C)
|
|
|
|

System State

State B: Pathological (Low ATF [ High Waste)

Proteostatic Load (L)

The system can compensate for a rising load for years. But once capacity is exceeded, it enters a
“runaway”’ positive feedback loop. High aggregate loads damage mitochondria (lowering ATP),
which further inhibits clearance, promoting more aggregation. The switch to the pathological state
is rapid and difficult to reverse.
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The Thermodynamic Death Spiral: When Maintenance
Costs More Than the Cell Can Afford

ATP Demand (for Clearance) > ATP Supply (from Mitochondria)

At this moment, the neuron is thermodynamically insolvent. It is forced to make a strategic
choice: sacrifice high-cost, long-term maintenance (autophagy) to fund non-negotiable,
short-term survival (maintaining membrane potential). This choice seals its own fate.
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Stop Boosting, Start Unblocking

The Flawed Approach The Engineering Solution

MTOR Inhibitogs:

A Systems-Aware Therapeutic Strategy

1. Restore the Choke Point FIRST: Don't just increase flux. In AD, re-acidify the lysosome before
inducing autophagy.

2. Pay the Energy Bill: Any clearance therapy must be coupled with metabolic support (e.g.,
ketones, NAD+ precursors) to fuel the machinery.

3. Intervene Before the Tipping Point: The bistable model implies hysteresis. Intervention must

fmxggg;;;;wigﬁj;lge prodromal phase, before the energy barrier to recovery becomes insurmountable.

& NotebookLM



Neurodegeneration is not a protein problem.
It is a physics problem.

The neuron is a machine operating at the limits of physics. Only by
treating it as such—calculating flow rates, capacity limits, and energy
budgets—can we hope to prevent its collapse.
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