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: specific properties. Structural studies, including X-ray crystallography and
Introductlon cryo-electron microscopy, have provided invaluable insights into the three-
Melatonin, a hormone primarily synthesized and secreted by the pineal dimensional architecture of melatonin receptors [2]. These studies have

gland, plays a pivotal role in regulating various physiological processes in revealed the precise arrangement of amino acid residues within the ligand-
mammals. These include the synchronization of circadian rhythms, modulation ~ binding pocket and the key interactions between receptors and ligands.
of sleep-wake cycles, regulation of mood and modulation of immune function. ~ Additionally, computational modeling approaches have facilitated the
The actions of melatonin are mediated through interactions with specific prediction of receptor-ligand interactions and the identification of structural
receptors known as melatonin receptors, which belong to the family of G Protein- ~ motifs critical for subtype selectivity. The binding of melatonin and other
Coupled Receptors (GPCRs). The melatonin receptor system comprises ligands to MT, and MT, receptors initiates a series of conformational changes
two main subtypes: MT, and MT,. These subtypes exhibit distinct tissue that ultimately lead to receptor activation and downstream signaling. Ligand
distributions, signaling pathways and physiological functions, underscoring binding occurs primarily within the transmembrane domain of receptors, with
their diverse roles in mediating the effects of melatonin throughout the body.  specific interactions formed between ligand functional groups and amino acid
MT, receptors are primarily expressed in the suprachiasmatic nucleus of the ~ residues lining the ligand-binding pocket [3].

hypothalamus and play a crucial role in regulating circadian rhythms and
sleep-wake cycles. Meanwhile, MT, receptors are more abundant in the retina
and are involved in the modulation of photoreception and entrainment of the
biological clock to light-dark cycles. Achieving subtype selectivity in targeting
melatonin receptors is of paramount importance for several reasons. Firstly,
it allows for a better understanding of the specific functions and contributions
of MT, and MT, receptors to physiological processes and disease states.
Secondly, subtype-selective ligands hold great promise for the development
of pharmacological interventions with enhanced efficacy and reduced side
effects, thus representing valuable tools for both basic research and clinical
applications.

The mechanisms underlying ligand-receptor interactions and subtype
selectivity are multifaceted and involve various factors, including steric
hindrance, electrostatic interactions and hydrogen bonding. Key residues
within the ligand-binding pocket, such as Tyr298 and Trp264 in MT_ receptors
and Tyr298 and Phe257 in MT, receptors, play pivotal roles in ligand
recognition and subtype selectivity. Moreover, allosteric modulation, where
ligands bind to sites distinct from the orthosteric binding pocket, represents
another mechanism for achieving subtype selectivity. Allosteric modulators
can influence the affinity and efficacy of orthosteric ligands, providing
an additional layer of control over receptor signaling. Achieving subtype
selectivity in targeting melatonin receptors requires the rational design and

In this comprehensive review, we aim to delve into the molecular and  optimization of ligands with enhanced affinity and specificity for MT, or MT,
chemical basis of melatonin receptor subtype selectivity. We will explore the receptors [4].
structural characteristics of MT, and MT, receptors, elucidate the mechanisms
underlying ligand-receptor interactions and examine the strategies employed
to design selective ligands targeting these receptors. Furthermore, we
will discuss the implications of subtype-selective modulation of melatonin
receptors for drug discovery and therapeutic development. By synthesizing
the latest findings from molecular biology, pharmacology and medicinal
chemistry, this review seeks to provide a comprehensive overview of the
current state of knowledge in this field and identify avenues for future research
and therapeutic innovation [1].

Structure-Activity Relationship (SAR) studies, guided by experimental
data and computational modeling, enable the systematic exploration of
chemical modifications to ligand scaffolds. Medicinal chemistry approaches,
including scaffold hopping, bioisosteric replacement and conformational
constraint, are employed to generate structurally diverse compound libraries
for screening against melatonin receptors. High-Throughput Screening
(HTS) technologies, combined with computational virtual screening methods,
expedite the discovery of lead compounds with favorable pharmacological
profiles and subtype selectivity. Furthermore, natural products derived from
plants and marine organisms represent a rich source of melatonin receptor
Description modulators. Bioassay-guided fractionation and chemical characterization

of natural extracts have led to the identification of bioactive compounds

Melatonin receptors, belonging to the GPCR family, exhibit a typical ~ capable of interacting with melatonin receptors with varying degrees of
seven-transmembrane domain structure, with extracellular N-termini and  Selectivity. These natural products serve as valuable pharmacological tools
intracellular C-termini. The structural homology between MT, and MT, ~ @nd inspiration for the development of novel therapeutics [5].
receptors is evident in their overall fold and arrangement of transmembrane
hgliges. H(_)wever,_suptle differences_ in amino acid sequences, particularly CO"C'USiO“
within the ligand-binding pocket and intracellular loops, contribute to subtype-

The elucidation of melatonin receptor subtype selectivity from a molecular
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receptor modulators. Overall, advances in molecular biology, pharmacology
and medicinal chemistry hold promise for unlocking the full therapeutic
potential of melatonin receptor modulation. By elucidating the molecular and
chemical basis of subtype selectivity, researchers can pave the way for the
development of precision therapeutics targeting melatonin receptors for the
treatment of various disorders, including sleep disorders, mood disorders and
neurodegenerative diseases.
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