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Description
Aminoacyl-tRNAs are pivotal molecules in a wide array of 

biological processes beyond their classic role in protein synthesis 
by ribosomes. These processes include the synthesis of 
peptidoglycan precursors and tetrapyrrole, modification of 
bacterial membrane lipids, N-terminal labeling of proteins and 
synthesis of antibiotics and cyclic dipeptides in secondary 
metabolism. Understanding the structure and function of 
aminoacyl-tRNAs (aa-tRNAs) is vital for elucidating their 
diverse biological roles and potential applications in 
biotechnology and medicine. Aminoacylated tRNAs (aa-tRNAs) 
consist of a Transfer RNA (tRNA) molecule, typically about 80 
nucleotides long, bonded to an amino acid. This 
aminoacylation process is catalyzed by specific enzymes 
known as aminoacyl-tRNA Synthetases (aaRSs) in a two-step 
reaction. In the first step, the amino acid is activated by an 
Adenosine Triphosphate (ATP) molecule, forming an 
aminoacyl-adenylate intermediate. In the second step, this 
intermediate is transferred to the 2′- or 3′-hydroxyl group of the 
adenosine at the 3′-end of the tRNA. Following aminoacylation, 
the aa-tRNA is typically captured by the Elongation Factor (EF-1A 
or EF-Tu) for delivery to the ribosome's active site. However, aa-
tRNAs can also participate in various non-ribosomal peptide 
synthesis processes catalyzed by aminoacyl transferases.

Aminoacyl-tRNA synthetases
The interaction between aa-tRNA and aminoacyl-transferases 

is critically dependent on the regiospecificity for either the 2′ or 
3′ position of the terminal adenosine. Aminoacyl-tRNA 
synthetases are categorized into two groups based on the 
hydroxyl group they utilize for aminoacylation. Despite the initial 
site of attachment, a trans-esterification reaction can occur 
between the 2′ and 3′ positions in aqueous solution, leading to a 
thermodynamic equilibrium between the two regioisomers. The 
rates of this trans-esterification reaction are approximately 1 s−1 
for the 2′ to 3′ transfer and 5 s−1 for the reverse reaction, 
resulting in a mixture of the two regioisomers in solution, 
irrespective of the specific aminoacyl-tRNA synthetase that 
catalyzed the initial aminoacylation. The ribosome plays a 
selective role in this process by specifically recognizing the 3′
regioisomer of aa-tRNA at its A site. During the formation of the 
peptide  bond  and  the s ubsequent  movement to the P site, the

position of the acyl group remains unchanged. This suggests that 
for those aminoacyl-tRNA synthetases that attach the acyl group 
to the 2′ hydroxyl group, the aminoacyl moiety spontaneously 
shifts to the 3′ position, driven by a spontaneous trans-
esterification reaction. Although this trans-esterification is 
generally considered to be a rate-limiting step in protein 
synthesis, high rates observed in model compounds indicate a 
complex interplay of factors influencing the overall efficiency of 
protein biosynthesis.

Peptidoglycan synthesis
In bacteria, aa-tRNAs contribute to the synthesis of 

peptidoglycan precursors, which are essential for cell wall 
integrity and function. Disruption in peptidoglycan synthesis can 
lead to compromised cell wall structure, making aa-tRNAs 
potential targets for antibiotic development. Tetrapyrrole 
compounds, such as heme, are vital for numerous biological 
functions, including oxygen transport and electron transfer. Aa-
tRNAs are involved in the biosynthesis pathways of these 
compounds, highlighting their importance in cellular 
metabolism. Aa-tRNAs participate in the modification of 
bacterial membrane lipids, influencing membrane fluidity and 
functionality. This role is critical for maintaining the structural 
integrity and adaptive responses of bacterial cells. Aa-tRNAs can 
be utilized for the N-terminal labeling of proteins, facilitating 
studies on protein function, localization and interaction within 
cells. This application is particularly valuable in proteomics and 
molecular biology research. In secondary metabolism, aa-tRNAs 
are involved in the synthesis of antibiotics and cyclic dipeptides. 
These molecules have significant therapeutic potential and play 
crucial roles in microbial defense mechanisms. The importance 
of aa-tRNAs extends to the regulation of gene expression and 
protein function. Their involvement in non-ribosomal peptide 
synthesis allows the formation of complex and diverse peptide 
structures that are not limited by the constraints of ribosomal 
peptide synthesis. This versatility is exploited in various 
biotechnological applications, including the development of 
novel antimicrobial agents and therapeutic peptides. In 
summary, aminoacyl-tRNAs are indispensable molecules with 
multifaceted roles in biological processes. Their functions extend 
beyond ribosomal protein synthesis to include critical 
contributions to cell wall synthesis, metabolism, membrane 
modification, protein labeling and secondary metabolite
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production. Understanding the mechanisms underlying aa-tRNA 
function and their interactions with aminoacyl-tRNA  synthetases

provides valuable insights into their diverse roles and potential 
applications in science and medicine
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