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INTRODUCTION
Protein folding, the intricate process by which polypeptide 
chains assume their functional three-dimensional structures, is a 
fundamental phenomenon in molecular biology. The journey from 
a linear sequence of amino acids to a biologically active protein 
is orchestrated by a myriad of cellular machinery, among which 
nucleic acids play indispensable roles. While proteins have long 
been hailed as the primary architects of cellular function, the 
emergence of nucleic acids as key players in protein folding has 
garnered increasing attention. In this article, we delve into the 
multifaceted roles of nucleic acids in guiding and modulating the 
protein folding landscape. Before delving into the roles of nucleic 
acids, it’s crucial to grasp the intricacies of protein folding. Proteins 
are synthesized as linear chains of amino acids, yet their biological 
activity relies heavily on their three-dimensional structures. The 
process of folding is not merely a random event but is intricately 
governed by the physicochemical properties of amino acids and 
the surrounding cellular environment. Various factors such as 
hydrogen bonding, hydrophobic interactions, van der Waals forces, 
and electrostatic interactions contribute to the folding process.

DESCRIPTION
While proteins themselves possess intrinsic information for 
folding, nucleic acids, including both DNA and RNA, serve as 
more than just carriers of genetic information. Herein lies their 
pivotal role in protein folding: Nucleic acids can function as 
molecular chaperones, facilitating the correct folding of proteins. 
For instance, RNA molecules such as ribosomal RNA and transfer 
RNA have been shown to assist in the proper folding of nascent 
polypeptide chains during translation. Moreover, certain RNA 
molecules exhibit chaperone-like activities by binding to exposed 
hydrophobic regions of unfolded proteins, thereby preventing 
misfolding and aggregation. RNA molecules often form complexes 
with proteins, known as ribonucleoprotein complexes (RNPs), 
which play essential roles in various cellular processes, including 
protein folding. These complexes not only stabilize RNA molecules 
but also contribute to the folding and stabilization of associated 
proteins. For instance, the ribosome, a complex molecular 

machine responsible for protein synthesis, comprises both 
RNA and protein components that collectively orchestrate the 
accurate folding of nascent polypeptides. Beyond their structural 
roles, nucleic acids exert regulatory control over protein folding 
events. Non-coding RNAs, such as microRNAs and long non-coding 
RNAs, modulate gene expression by regulating the translation 
and stability of mRNA molecules encoding proteins involved in 
protein folding pathways. Additionally, DNA-binding proteins, 
such as transcription factors, can directly influence the expression 
of genes encoding chaperones and other proteins involved in 
protein folding. Nucleic acids can indirectly impact protein folding 
through the regulation of post-translational modifications (PTMs). 
For instance, microRNAs have been implicated in the regulation 
of PTMs such as phosphorylation and ubiquitination, which can 
influence the folding kinetics and stability of proteins. Moreover, 
certain RNA molecules can act as scaffolds for the assembly of 
protein complexes involved in PTM processes, thereby modulating 
protein folding outcomes. In response to cellular stressors, such as 
heat shock or oxidative stress, nucleic acids participate in adaptive 
mechanisms aimed at maintaining protein homeostasis.

CONCLUSION
As our understanding of nucleic acid-protein interactions continues 
to evolve, so too does our appreciation of their intricate roles 
in protein folding. Advancements in experimental techniques, 
such as high-resolution structural biology and single-molecule 
imaging, hold promise for elucidating the molecular mechanisms 
underlying nucleic acid-mediated protein folding processes with 
unprecedented clarity. Moreover, computational approaches, 
including molecular dynamics simulations and machine learning 
algorithms, offer valuable insights into the complex interplay 
between nucleic acids and proteins in the folding landscape. In 
conclusion, nucleic acids emerge as dynamic players in the intricate 
choreography of protein folding, wielding diverse mechanisms to 
guide and regulate this essential biological process. By unraveling 
the intricacies of nucleic acid-protein interactions, we not only 
deepen our understanding of fundamental cellular processes but 
also pave the way for innovative therapeutic strategies targeting 
protein misfolding diseases and beyond.


