Journal of Molecular Science
Volume 32 Issue 4, Year of Publication 2022, Page 117-119

Journal of Molecular Science Dol-17.4687/1000-9035.2022.038

Journal of Molecular Science

www.jmolecularsci.com

ISSN:1000-9035

Intracellular Trafficking and Degradation Pathways of Misfolded
Proteins: Mechanistic Insights into Lysosomal and Proteasomal Systems

Article Information
Received: 11-11-2022
Revised: 24-11-2022
Accepted: 09-12-2022
Published: 20-12-2022

Keywords
ubiquitin-proteasome system

ABSTRACT

Proteostasis is crucial for cellular homeostasis, with intracellular protein
degradation systems playing an essential role in maintaining functional
proteomes. Misfolded proteins pose a significant threat to cellular function
and are managed by two major degradation pathways: the ubiquitin-
proteasome system (UPS) and autophagy-lysosomal degradation. This
article explores the mechanistic insights into these pathways, detailing how
intracellular trafficking directs misfolded proteins toward appropriate
degradation systems. It discusses the interplay between the proteasomal
and lysosomal pathways, their regulatory mechanisms, and their
implications in neurodegenerative and protein aggregation disorders

INTRODUCTION:

The proper folding and maintenance of proteins are
critical for cellular function. Misfolded proteins can
arise due to genetic mutations, environmental stress,
or errors in translation, leading to severe pathologies
such as Alzheimer's disease and Parkinson's disease.
Cells have evolved intricate quality control systems,
including chaperone-mediated refolding, the
ubiquitin-proteasome system (UPS), and autophagy-
lysosomal pathways, to manage misfolded proteins
effectively. Understanding these degradation
mechanisms is essential for developing therapeutic
interventions for protein aggregation disorders.

The Ubiquitin-Proteasome System (UPS) in
Protein Degradation

The UPS is the primary pathway for degrading
short-lived and misfolded cytosolic proteins. It
involves three major enzymatic activities: ubiquitin-
activating enzyme (E1), ubiquitin-conjugating
enzyme (E2), and ubiquitin ligase (E3). These
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Degradation System

The autophagy-lysosomal system is responsible for
degrading long-lived proteins, damaged organelles,
and aggregates resistant to the UPS. Three major
forms of autophagy contribute to this process:
macroautophagy, microautophagy, and chaperone-
mediated autophagy (CMA). Macroautophagy
involves the sequestration of misfolded proteins
within autophagosomes, which subsequently fuse
with lysosomes for degradation. CMA selectively
transports cytosolic misfolded proteins to lysosomes
via the lysosome-associated membrane protein 2A
(LAMP-2A). The regulation of autophagy is tightly
linked to cellular stress responses, and dysregulation
is implicated in lysosomal storage disorders and
neurodegeneration.
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Interplay Between Proteasomal and Lysosomal
Pathways

Although UPS and autophagy function as
independent degradation systems, they exhibit
significant crosstalk, ensuring cellular adaptability
under stress conditions. When the proteasome is
overwhelmed, misfolded proteins are redirected to
autophagic pathways through aggresome formation
and lysosomal degradation. The coordination of
these systems is influenced by factors such as
p62/SQSTMI1, heat shock proteins, and stress-
induced transcriptional regulators. A comprehensive
understanding of this interplay provides insights into

therapeutic strategies targeting proteostasis in
diseases.
Pathway Mechanism Substrate Key
Types Regulators
UPS Ubiquitination | Short-lived | El, E2, E3,
and proteins, 26S
proteasomal misfolded proteasome
degradation cytosolic
proteins
Autophagy | Lysosomal Long-lived | mTOR,
degradation of | proteins, Beclin-1,
aggregates organelles, LAMP-2A
insoluble
aggregates

Pathological Consequences of Impaired Protein
Degradation

Failure in intracellular degradation pathways leads
to the accumulation of toxic protein aggregates, a
hallmark of neurodegenerative disorders such as
Alzheimer’s, Parkinson’s, and Huntington’s
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diseases. Mutations in UPS and lysosomal
components contribute to disease progression by
impairing cellular clearance mechanisms. Recent

research  highlights  that  pharmacological

enhancement of proteasomal or autophagic

pathways could offer neuroprotective benefits,

providing new therapeutic  directions for
proteinopathy-related diseases.
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CONCLUSION
PERSPECTIVES:
The efficient degradation of misfolded proteins is
essential for maintaining cellular health. The UPS
and autophagy-lysosomal system function in a
coordinated manner to prevent proteotoxicity.
Advances in understanding the molecular
mechanisms governing these pathways have
therapeutic potential in addressing diseases
characterized by protein misfolding and
aggregation. Future research should focus on
targeted interventions to modulate these degradation
systems for disease prevention and treatment.

AND FUTURE
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