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Abstract

Terminal deoxynucleotidyl transferase (TdT) is a DNA polymerase of the pol X family
that, unlike other nucleotidyl transferases, binds natural and unnatural nucleotides to the
3'-hydroxy end of single-stranded, double-stranded DNA or RNA without the need for a
template strand. This unique feature has wide application in the construction of
biosensors. Like other polymerases, TdT requires metal ions for phosphoryl transfer and
can use ions such as Co?", Mn*", Zn**, and Mg*". The importance of this enzyme stems
from its wide applications in biomedicine and biotechnology. In biomedicine, it is used
as a biomarker in the diagnosis and classification of hematological malignancies,
especially acute lymphoblastic leukemia (ALL), and in the TUNEL assay to detect
apoptosis. In biotechnology, TdT is a key tool in DNA labeling, aptamer development,
enzymatic synthesis of oligonucleotides, polynucleotide design, fabrication of DNA
nanostructures, and development of sensitive biosensors for pathogen detection. Recent
innovations indicate its use in DNA-based data storage and hybrid systems such as TdT-
CRISPR and functional nanoparticles. This review provides a comprehensive overview
of the biochemical properties, physiological roles, diagnostic significance, and
biotechnological applications of TdT, while highlighting recent advances in enzyme
engineering and future research directions.

Keywords: Terminal deoxynucleotidyl transferase, Biomedicine, Biotechnology,
Cancer detection, DNA nanotechnology
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