
Molecular Synthesis by Ligases: Enzymatic Mechanisms for Joining Biomolecules

Meiyao Wang*

Department of Biomolecular Engineering, University of Nanjing Technology, Nanjing, China

DESCRIPTION
Ligases are a specialized class of enzymes that catalyze the joining 
of two large molecules by forming a covalent bond, typically 
utilizing energy derived from Adenosine Triphosphate (ATP) or 
other nucleoside triphosphates. These enzymes are essential in 
various biological processes, including Deoxyribo Nucleic Acid 
(DNA) replication and repair, as well as the biosynthesis of 
complex biomolecules. Ligases, classified under the Enzyme 
Commission (EC) number EC 6, are enzymes that facilitate the 
linking of two substrates. This process usually involves the 
formation of a new covalent bond, often accompanied by the 
hydrolysis of ATP, which provides the necessary energy. Ligases 
are crucial for the synthesis of larger biomolecules from smaller 
precursors.

Classification of ligases

DNA ligases: These enzymes join DNA strands by catalyzing the 
formation of phosphodiester bonds. DNA ligase I, for example, 
is essential in DNA replication and repair in eukaryotic cells.

RNA ligases: RNA ligases catalyze the joining of RNA 
molecules, playing a role in Ribo Nucleic Acid (RNA) processing 
and the synthesis of certain RNA-based structures.

Aminoacyl-tRNA synthetases: These ligases attach amino acids 
to their corresponding tRNA molecules, an important step in 
protein synthesis.

Other ligases: This category includes enzymes that catalyze the 
formation of covalent bonds in various biosynthetic pathways, 
such as fatty acid synthesis.

Mechanism of action

Substrate binding: The enzyme binds to the substrates often 
involving ATP at its active site, forming an enzyme-substrate 
complex.

Activation: The ligase activates one of the substrates, usually by 
adenylating it Adenosine Monophosphate (AMP) in a reaction 
that  uses  ATP. This activation is  important  for  facilitating  the  
formation of the new bond.

Bond formation: The enzyme catalyzes the formation of a 
covalent bond between the two substrates, often involving the 
release of AMP and inorganic phosphate.

Product release: After the reaction, the ligated product is 
released  and  the  enzyme  is  regenerated  to  catalyze  additional  
reactions.

Applications of ligases

Genetic engineering: DNA ligases are fundamental in cloning 
and recombinant DNA technology, allowing scientists to splice 
together DNA fragments and create genetically modified 
organisms.

PCR and molecular diagnostics: Ligases are used in techniques 
such as Polymerase Chain Reaction (PCR) to amplify DNA and 
in various molecular diagnostic tests.

Synthetic biology: Ligases enable the construction of synthetic 
biological circuits and pathways by facilitating the assembly of 
genetic components.

Gene therapy: Ligases are being explored in gene therapy 
applications to correct genetic defects by facilitating the joining 
of DNA fragments in target cells.

Antiviral strategies: Some antiviral drugs aim to inhibit viral 
ligases, which are essential for the replication of certain viruses, 
thereby reducing their ability to propagate.

CONCLUSION
Ligases are essential enzymes that play a significant role in the 
synthesis and repair of biological macromolecules. By catalyzing 
the formation of covalent bonds, they facilitate a variety of 
critical processes in cellular metabolism, genetic engineering and 
molecular biology. As the studies continues to advance, the 
applications of ligases in biotechnology and medicine are likely 
to expand, offering new paths for innovation in health and 
industry. Accepting the functions and mechanisms of ligases is 
fundamental for leveraging their potential in scientific and 
practical applications.
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