Journal of Cellular and Molecular Biology Research: Open Access 2025, 07, 03, 168.

Short Communication

Structural Biology: Deeper Insights, Novel Therapies

Ethan Collins
Department of Structural Biology, University of California, Berkeley, USA

Corresponding Authors*

Ethan Collins

Department of Structural Biology, University of California, Berkeley,
USA

E-mail: ethan.collins@berkeley.edu

Copyright: 2025 Ethan Collins. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

Received: 01-Jul-2025; Accepted: 08-Aug-2025; Published:
08-Aug-2025

Introduction

This work unravels the fundamental structural mechanics of how the human
PIEZO1 mechanosensitive channel opens and closes. Understanding this
atomic-level detail is crucial for developing therapies targeting conditions
related to mechanotransduction, like blood pressure regulation and touch
sensation, because it reveals the specific conformational changes that drive
its activation[1].

This paper introduces AlphaFold-Multimer, a significant leap in computa-
tional structural biology, enabling the accurate prediction of protein com-
plex structures. What this really means is researchers can now gain insights
into how proteins interact at an unprecedented scale, accelerating drug dis-
covery and our understanding of cellular machinery without needing ex-
tensive experimental work, though validation remains key[2].

This research provides the structural framework for a minimal CRISPR-
Cas system, revealing how it precisely targets DNA. Here’s the thing: by
dissecting the core components and their interactions, this work paves the
way for engineering smaller, more efficient gene-editing tools, which could
mean more accessible and versatile applications in gene therapy[3].

Using cryo-EM, this study captured the structures of a bacterial amino acid
transporter, shedding light on its intricate transport mechanism. Under-
standing how these transporters move essential nutrients across cell mem-
branes is fundamental, offering insights into bacterial metabolism and po-
tential strategies for developing new antimicrobial agents by disrupting
these vital processes[4].

This work leverages structural biology to guide the design of potent and
highly selective inhibitors for key drug targets in Mycobacterium tubercu-
losis. What this means is a more rational approach to combating tuberculo-
sis, moving beyond trial-and-error by specifically designing molecules that

fit into and disable bacterial proteins, offering hope for new, more effective
treatments[5].

This article details the structural basis by which the human RNA-binding
protein RBM10 recognizes specific RNA sequences. Understanding this
interaction is key because RBM10 plays a role in alternative splicing, and
dysregulation is linked to various diseases; these structural insights provide
a foundation for understanding disease mechanisms and potentially devel-
oping therapeutic interventions[6].

Here, the structural basis for how the SARS-CoV-2 nucleocapsid protein is
recognized by the TRIM25 E3 ligase is illuminated. This specific interac-
tion is significant as it reveals a host-pathogen interface, offering insights
into viral evasion strategies and potential targets for antiviral development
by disrupting how the virus interacts with the host’s ubiquitin system[7].

This review provides critical structural and mechanistic insights into the
E3 ubiquitin ligase RBR family. Understanding these enzymes is crucial
because they regulate protein degradation, a process fundamental to cell
health; disruption leads to various diseases, and these insights are vital for
designing therapies that target specific ubiquitin ligases[8].

This landmark study presents the cryo-EM structure of an alpha-synuclein
filament extracted directly from the brain of a patient with multiple sys-
tem atrophy. What this really means is we now have an atomic-level view
of the pathological aggregates responsible for neurodegenerative diseases,
providing an essential template for developing drugs that target and prevent
their formation[9].

This paper elucidates the structural basis for targeted protein degradation
by a PROTAC-induced ternary complex. This is a game-changer for drug
discovery because PROTACs don’t just inhibit proteins; they degrade them,
offering a new therapeutic modality. These structural insights are crucial
for rationally designing more effective and selective PROTACs[10].

Description

Structural biology continues to provide foundational insights into the intri-
cate mechanisms governing cellular functions and disease. For instance,
detailed work has unravelled the fundamental mechanics of the human
PIEZO1 mechanosensitive channel, illustrating how it opens and closes
[1]. Understanding these atomic-level movements is critical for develop-
ing therapies aimed at conditions influenced by mechanotransduction, such
as blood pressure regulation and touch sensation, by pinpointing the exact
conformational changes that initiate its activation. Similarly, cryo-Electron
Microscopy (cryo-EM) has been instrumental in capturing the structures of
bacterial amino acid transporters, offering significant clarity on their com-
plex transport mechanisms [4]. Deciphering how these transporters facili-
tate the movement of essential nutrients across cell membranes is not only
fundamental to understanding bacterial metabolism but also proposes new
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avenues for developing antimicrobial agents by disrupting these vital pro-
cesses.

The advent of computational tools marks a major shift in structural biol-
ogy. The introduction of AlphaFold-Multimer, for example, represents a
significant leap, allowing for the accurate prediction of protein complex
structures [2]. What this really means is researchers can now gain insights
into how proteins interact on an unprecedented scale, dramatically accel-
erating drug discovery efforts and our understanding of cellular machinery
without needing as much extensive experimental work, though experimen-
tal validation remains key to fully leveraging these predictions.

Beyond understanding natural processes, structural research is directly in-
forming the design of novel tools and therapies. Research into minimal
CRISPR-Cas systems, for instance, has provided a clear structural frame-
work revealing how these systems precisely target DNA [3]. By dissecting
their core components and interactions, this work paves the way for engi-
neering smaller, more efficient gene-editing tools, which promises more ac-
cessible and versatile applications in gene therapy. In a similar vein, struc-
tural biology guides the design of potent and highly selective inhibitors for
key drug targets in Mycobacterium tuberculosis [5]. This represents a more
rational approach to combating tuberculosis, moving beyond trial-and-error
to specifically design molecules that can effectively disable bacterial pro-
teins, offering hope for new, more effective treatments.

Understanding molecular recognition is another critical area. A detailed
structural basis has been established for how the human RNA-binding pro-
tein RBM10 recognizes specific RNA sequences [6]. This interaction is
pivotal because RBM10 plays a significant role in alternative splicing, and
its dysregulation is associated with various diseases; these structural in-
sights thus lay a groundwork for comprehending disease mechanisms and
potentially crafting therapeutic interventions. Furthermore, the structural
basis for how the SARS-CoV-2 nucleocapsid protein is recognized by the
TRIM2S5 E3 ligase has been illuminated [7]. This specific interaction is sig-
nificant as it reveals a crucial host-pathogen interface, providing insights
into viral evasion strategies and identifying potential targets for antiviral
development by disrupting how the virus interacts with the host’s ubiquitin
system.

The regulation of protein degradation is fundamental to cell health, and
structural insights are proving invaluable here. Critical structural and
mechanistic insights have been provided into the E3 ubiquitin ligase RBR
family [8]. Understanding these enzymes is crucial because they regulate
protein degradation, and their disruption leads to various diseases; these
insights are vital for designing therapies that target specific ubiquitin lig-
ases. Moreover, the structural basis for targeted protein degradation by a
PROTAC-induced ternary complex has been elucidated [10]. This is a sig-
nificant development for drug discovery because PROTACs do not merely
inhibit proteins; they actively degrade them, presenting a new therapeutic
modality. These structural insights are essential for the rational design of
more effective and selective PROTAC:s.

Finally, structural biology offers hope in combating neurodegenerative con-
ditions. A landmark study presented the cryo-EM structure of an alpha-
synuclein filament extracted directly from the brain of a patient with mul-
tiple system atrophy [9]. What this really means is we now possess an
atomic-level view of the pathological aggregates responsible for neurode-
generative diseases, which provides an indispensable template for devel-
oping drugs that can specifically target and prevent their formation.

Conclusion

Recent advances in structural biology are profoundly enhancing our un-
derstanding of fundamental biological processes and propelling innovative
therapeutic strategies. We’re talking about unraveling the mechanics of the
human PIEZO1 channel, crucial for conditions like blood pressure regula-
tion and touch sensation, by detailing its activation at an atomic level. This
kind of work is directly informing how we might develop targeted ther-
apies. The field has seen significant progress with tools like AlphaFold-
Multimer, which now accurately predict protein complex structures. What
this really means is researchers can gain unprecedented insights into protein
interactions, accelerating drug discovery and our grasp of cellular machin-
ery without relying solely on extensive experimental work. This includes
dissecting the structural basis of minimal CRISPR-Cas systems for more ef-
ficient gene-editing tools, understanding bacterial amino acid transporters
for new antimicrobial agents, and leveraging structural data to design potent
inhibitors against Mycobacterium tuberculosis targets. These efforts move
beyond trial-and-error, offering a rational approach to combatting diseases.
Further insights reveal the mechanisms of RNA recognition by proteins
like RBM10, important for alternative splicing and disease mechanisms,
and how host-pathogen interfaces, like SARS-CoV-2 and TRIM25, func-
tion. This illuminates viral evasion and potential antiviral targets. The field
is also deeply exploring protein degradation pathways, from the E3 ubig-
uitin ligase RBR family to PROTAC-induced ternary complexes. Under-
standing these degradation systems is a game-changer for drug discovery,
offering new therapeutic modalities by degrading, not just inhibiting, prob-
lematic proteins. Finally, structural biology is providing critical views into
neurodegenerative diseases, exemplified by the cryo-Electron Microscopy
structure of alpha-synuclein filaments from patient brains. This offers
an atomic template for developing drugs to prevent aggregate formation,
marking a significant step towards addressing debilitating conditions.
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