The Precision Machine

Neurons are post-mitotic cells, built to last a lifetime.

They cannot dilute damage or pathogens through
through cell division.

To survive, they depend on a sophisticated internal

logistics and quality control network. The failure of this
network is the root of neurodegeneration.

This vital system is now understood to be a
primary target for a class of sophisticated
biological invaders: neurotropic viruses.
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The System Under Threat: Neuronal Autophagy
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Neuronal autophagy is a spatially segregated process. Biogenesis occurs in the periphery, while degradation happens in
the soma. This reliance on long-distance transport creates multiple points of failure that viruses have evolved to exploit.
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The Saboteurs: A Rogues’ Gallery of
Neurotropic Viruses

» Neurotropic viruses have evolved
sophisticated molecular strategies to
manipulate the autophagic machinery.

e This is rarely a simple inhibition. Instead,
they dissect the pathway, hijacking early
steps for their own replication while
dismantling the final degradation stages to
evade destruction.

e Each virus family employs a unigue Method
of Operation (M.O.), targeting specific
chokepoints in the autophagy network.

Herpes Simplex Virus 1 Zika Virus

Enterovirus Rabies Virus
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THE INSIDER: Herpes Simplex Virus 1

Strategy: Sequestration and Deception
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« Primary Weapon:

Neurovirulence protein
ICP34.5.

Direct Target: Beclin-1, a
critical initiator of
autophagy.

Outcome: Absolute
blockade of
autophagosome
nucleation. Viruses lacking
the ICP34.5 Beclin-
binding domain show
dramatically reduced
neurovirulence.
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HSV-1's Secondary Attack: Disabling Mitochondrial Quality Control

(1 Normal Stress Response HSV-1 Infection B
_4|_I :: - W e -
EIF2S1-ATF4 “&|— 0 _ x* EIF2S1-ATF4
Stress [ signaling axis {%?\i@} _'_‘ { signaling axis,j
. S arl
b 2 X
Upregulation of Parkin (PRKN) & PINK1 Parkin & PINK1
preg 1T
Parkin ‘ PINK? ; e ¥
w ™ - ™
ROS 2 .
s TP RN DY ¢
Clears Damage
Parkin %@, o
Damaged MtDNA
Mitochondrion Autophagosome mMIDNA
\| Damaged Mitochondria Accumulate i

HSV-1 also cripples mitophagy, the process for clearing damaged mitochondria.

Sinister Purpose: By preventing the degradation of leaky mitochondria, the virus stops mitochondrial DNA (mtDNA) from
being released into the cytosol. This is a potent “danger signal” that would trigger the cGAS-STING immune pathway.

Consequence: The neuron is left with accumulating metabolic damage, but the primary immune alarm is kept quiet, allowing
the virus to persist.
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THE FACTORY BUILDER: Zika Virus
Strategy: Block and Build
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3. REPURPOSE:

Transform vesicles into
replication factories.
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Mechanism:

Induces early autophagy to
generate membrane scaffolds,
but blocks late-stage fusion to
prevent destruction.

Specific Tactic:

Downregulates the FANCC
protein, blinding the cell’s
selective ‘virophagy' system to
the presence of viral capsids.

Outcome:

The autophagy pathway is
transformed from a waste
disposal system into a viral
production and egress route.
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THE DEMOLITION EXPERT: Picornaviridae (Enterovirus)
Strategy: Proteolytic Sabotage
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* Primary Weapon: Viral proteases 2A and 3C.

 Direct Target: SNARE proteins, the molecular machinery for membrane fusion. The 3C protease of EV71, CVB3, and
EV-D68 cleaves SNAP29.

* Futile Cycle: Upstream, the 3D polymerase protein downregulates ACOX1, causing a surge in ROS that triggers autophagy.
Downstream, the 3C protease blocks fusion. The neuron is trapped in a cycle of stress and vesicle accumulation.

Autophagosome Lysosome
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One System, Many Methods of Attack

Virus Family

Herpesviridae
(HSV-1)

Flaviviridae
(ZIKV)

Picornaviridae
(EV)

Retroviridae
(HIV-1)
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Convergent Catastrophe: One System, Many Attacks, One Outcome

Regardless of the specific viral strategy, the result is the same: a neuron choked by its own undegraded waste.
This bridges the gap between acute viral infection and chronic neurodegeneration.

Beclin-1 Sequestration & SNARE Cleavage Maturation Arrest o/ Mitophagy Failure

Gl AB & Tau Aggregates (AD) a-Synuclein Aggregates (PD) TDP-43 Aggregates (ALS) Mitochondrial Dysfunction
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Viral Fingerprints in Neurodegenerative Disease

Alzheimer’s Disease (AD)  Parkinson’s Disease (PD) Amggllg':oglil;lt( A‘féfral

ICP34.5-mediated inhibition of WNV capsid protein degrades EV proteases cleave nuclear
Beclin-1 directly impairs the AMPK, leading to the pore proteins (e.g., Nup62),
clearance of Amyloid- (AB). accumulation of ubiquinated causing cytoplasmic
Repeated viral reactivation may protein aggregates. cytoplasmic mislocalization of
lead to cumulative autophagic HPgV is found in PD brains and TDP-43—mimicking the core
failure, tipping the balance mtclestic proteits correlates pathology of ALS.
toward plaque deposition. with mitophagy failure.
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Exploiting Their Weakness: A New Therapeutic Playbook

Developing therapies to restore the autophagy pathway and counter viral-induced neurodegeneration.

TARGET INTERVENTION
Viral Protease Protease Inhibitors
Sabotage (e.g., Rupintrivir)
' Blocks Viral Protease Activity,
Eecovwue) Preventing Protein Cleavage.
TARGET == LPo INTERVENTION
Blocked 7\ w - /. 3, mTOR-indEpendent
Autophagic Flux oz Sy / 2~ Inducers (e.g., Trehalose)
(Zika/WNV) Enhances Lysosomal
Biogenesis
TARGET Fragmentati INTERVENTION
Mitochondrial Z Fission Inhibitors
Fragmentation (e.g., Mdivi-1)
(ZIKV) Inhibits Fission, Preserves

Mitochondrial Integrity.
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A Critical Caveat: Therapeutic Intervention Must Be Precisely Timed

Early Infection (e.g., ZIKV) Late Infection / Blocked Flux

Late-stage induction
plus restoration of
lysosomal function
can clear the pathogen.

Inducing autophagy
here can enhance
viral replication.

" The goal is not simply to induce autophagy, but to restore autophagic flux.
~Ininfections with physically cleaved machinery (like Enterovirus), upstream

induction without downstream repair could be cytotoxic.
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The Unifying Principle: From Viral Sabotage to Therapeutic Strategy
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The subversion of neuronal autophagy is a unifying mechanism By understanding the specific molecular interfaces of this viral
explaining how diverse viruses cause both acute encephalitis sabotage—the lock, the factory, the broken gear—we uncover
and potentially trigger chronic neurodegeneration. a new playbook for host-directed therapies.

They dissect the pathway, turning a vital defense system into a
vulnerability.

Restoring the flow of neuronal autophagy represents a paramount strategy for treating
o NNOLJUSt the infection, but the devastating neurological consequences that follow.
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