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Introduction

This research reveals high-resolution cryo-electron microscopy structures of HIV-1
Gag-Pol and Gag-Pol-genome complexes. These structures offer crucial insights
into how the virus assembles its particles and matures, detailing the organization
of key viral enzymes like reverse transcriptase and integrase [1].

This study presents a high-resolution cryo-electron microscopy structure of the na-
tive HIV-1 envelope glycoprotein (Env) trimer, a critical component for viral entry
and a primary target for neutralizing antibodies. The detailed atomic model reveals
key conformational states and potential vulnerabilities for vaccine design [2].

This study focuses on the intricate structural details of the HIV-1 Gag protein’s
oligomerization interface, crucial for packaging the viral genome into new virions.
Advanced imaging maps how Gag proteins interact to form the immature viral par-
ticle, highlighting residues essential for assembly and RNA recognition [3].

This research elucidates the structural mechanism by which HIV-1 Vif accessory
protein hijacks host machinery to degrade APOBEC3B, a potent antiviral factor.
Crystal structures detail how Vif forms an E3 ubiquitin ligase to target APOBEC3B
for degradation. This understanding is vital for new antiviral therapies [4].

This article examines the structural basis of drug resistance in HIV-1 reverse tran-
scriptase (RT), a key enzyme for viral replication. Structural data illuminates how
specific RT mutations alter conformation, leading to reduced drug binding and ther-
apeutic failure. This is essential for developing new drugs to overcome resistance

[5].

This study provides a cryo-electron microscopy structure of the HIV-1 Gag-Pol com-
plex at the budding site on the plasma membrane. This offers an unprecedented
view of how Gag-Pol organizes to initiate virion formation and budding. Insights
into this complex at its functional location are invaluable for understanding early
viral assembly, offering new antiviral targets [6].

This research delves into the structural basis of the critical interaction between
HIV-1 integrase (IN) and host cofactor LEDGF/p75. Detailed structural models ex-
plain how LEDGF/p75 tethers integrase to host chromatin, directing viral DNA in-
tegration. This interaction is fundamental for HIV replication, offering promising
avenues for new drugs [7].

This landmark study elucidates the molecular architecture of the immature HIV-
1 Gag lattice at near-atomic resolution. The Gag polyprotein assembles into a
hexagonal lattice beneath the viral membrane, forming the immature virion’s struc-
tural shell. This research provides detail into protein-protein interactions, revealing
insights into assembly to inform drug development [8].

This research offers structural insights into how HIV-1 develops resistance to mat-

uration inhibitors, antiviral drugs targeting Gag polyprotein cleavage. Analyzing
mutations in Gag and Gag-Pol reveals how these changes alter cleavage sites or
inhibitor binding pockets, allowing viral escape. This understanding is vital for
designing next-generation inhibitors [9].

This study uses cryo-electron microscopy to reveal structures of native HIV-1 Env
trimers in a 'fusion-ready’ conformation, exposing the gp41 fusion peptide. This
critical intermediate state during viral entry shows the virus preparing to fuse with
the host cell membrane. Understanding Env dynamics, especially fusion peptide
exposure, is essential for designing immunogens to elicit neutralizing antibodies
[10].

Description

Understanding the intricate molecular machinery of HIV-1 is crucial for develop-
ing effective antiviral strategies. Recent structural biology studies using advanced
techniques like cryo-electron microscopy have illuminated key aspects of the vi-
ral life cycle. For instance, high-resolution structures of HIV-1 Gag-Pol and Gag-
Pol-genome complexes reveal how the virus assembles its particles and matures,
detailing the organization of key viral enzymes like reverse transcriptase and in-
tegrase within these complexes [1]. The Gag protein’s oligomerization interface
is vital for packaging the viral genome, with research mapping how Gag proteins
interact to form the immature viral particle, highlighting specific residues essen-
tial for assembly and RNA recoghnition [3]. Moreover, the cryo-electron microscopy
structure of the HIV-1 Gag-Pol complex captured directly at the budding site offers
an unprecedented view of how this polyprotein organizes itself to initiate virion
formation and budding [6]. These insights into protein-protein interactions within
the immature HIV-1 Gag lattice provide fundamental knowledge for drugs targeting
early viral assembly [8].

Viral entry into host cells is mediated by the HIV-1 envelope glycoprotein (Env)
trimer. High-resolution cryo-electron microscopy structures of the native Env trimer
on the viral surface are critical, revealing key conformational states and potential
vulnerabilities for vaccine design [2]. Complementary research uses cryo-electron
microscopy to show native HIV-1 Env trimers in a 'fusion-ready’ conformation, ex-
posing the gp41 fusion peptide. This critical intermediate state during viral en-
try, where the virus prepares to fuse with the host cell membrane, is essential for
designing immunogens that can elicit broad and potent neutralizing antibody re-
sponses [10].

Beyond assembly and entry, research details mechanisms of viral replication and
immune evasion. The HIV-1 Vif accessory protein, for example, hijacks host cellu-
lar machinery to degrade APOBEC3B, a potent antiviral restriction factor. Crystal
structures of Vif complexes detail how Vif forms an E3 ubiquitin ligase to specifi-
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cally target APOBEC3B for proteasomal degradation, providing vital understanding
for new antiviral therapies that block this evasion strategy [4]. Another key inter-
action involves HIV-1 integrase (IN) and its host cellular cofactor, lens epithelium-
derived growth factor (LEDGF/p75). Structural models explain how LEDGF/p75
tethers integrase to host chromatin, directing viral DNA integration. This interac-
tion is fundamental for HIV replication, offering promising avenues for new drugs
[7].

A significant challenge in HIV therapy is drug resistance. Structural analysis of
HIV-1 reverse transcriptase (RT), a key enzyme for viral replication, illuminates
how specific mutations alter its conformation, leading to reduced drug binding and
therapeutic failure. This understanding is essential for developing new drugs that
overcome existing resistance mechanisms [5]. Similarly, structural insights into
HIV-1 resistance to maturation inhibitors reveal how mutations in Gag and Gag-
Pol alter protein cleavage sites or inhibitor binding pockets, allowing the virus to
escape drug action. This knowledge is vital for designing next-generation matura-
tion inhibitors [9].

Collectively, these studies emphasize the critical role of structural biology in de-
ciphering the complex mechanisms of HIV-1. From particle assembly and host
cell entry to replication, immune evasion, and drug resistance, atomic-level under-
standing provides foundational knowledge. This comprehensive structural frame-
work is invaluable for rational drug design and vaccine development, paving the
way for more effective interventions against evolving HIV strains.

Conclusion

Recent structural research provides deep insights into HIV-1's life cycle, from
assembly to drug resistance. Cryo-electron microscopy (Cryo-EM) reveals high-
resolution structures of Gag-Pol and Gag-Pol-genome complexes, clarifying viral
particle assembly and maturation, including the organization of reverse transcrip-
tase and integrase [1]. The Gag-Pol complex at the budding site offers views into
virion formation [6]. Details of the Gag protein’s oligomerization interface highlight
its role in genome packaging and immature viral particle formation [3]. The molecu-
lar architecture of the immature Gag lattice further explains assembly mechanisms
[8].

Viral entry is illuminated by studies of the native HIV-1 Envelope Glycoprotein (Env)
trimer on the viral surface, a key target for vaccines [2]. Cryo-EM also captures Env
trimers in a 'fusion-ready’ conformation, exposing the gp41 fusion peptide, crucial
for understanding viral entry and developing neutralizing antibodies [10]. Research
also uncovered the structural basis for HIV-1 Vif protein hijacking host machinery
to degrade antiviral factor APOBEC3B [4]. The critical interaction between HIV-1
integrase (IN) and host cofactor LEDGF/p75, which directs viral DNA integration,
has been structurally detailed, pointing to new drug targets [7]. Structural anal-
yses also provide vital understanding of drug resistance in reverse transcriptase
(RT) and to maturation inhibitors, informing the design of next-generation antiviral
therapies [5, 9].
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