ABSTRACT

Conformational analysis of serotonin-water complex and comparison with conformation in
continuum condition: a quantum mechanical calculation for understanding electronic and

spectroscopic properties of neurotransmitter

Protonated serotonin (5-HT)-water clusters have been studied using theoretical
chemistry calculations. The a first stable hydration shell of seven water molecules around three
5-HT conformers were constructed and optimized using the B3LYP/6-311+G(2d,2p) and
PBE1W/6-311+G(2df,2p) levels of theory leading to stable Gp7W, Gm7W and At7W conformers
which the ethylamine side chain of 5-HT are in +gauche, -gauche, and anti-conformations,
respectively. The energetic stabilities of 5-HT(H,0); conformers decrease in the order of At7TW
> Gp7W > Gm7W for both levels of calculations. The structural parameters of 5-HT, for
instance the lengthening of amino-NH bonds were observed when they are located in the ring-
like structure of water clusters indicating the effect of hydrogen bond forming. The calculated
total binding energies and stepwise binding energies of water molecules exhibit the contribution
of water molecule for cooperative effects on stability of 5-HT(H,O); conformers. The key-stone
molecule of water within tetramer-like (for Gp7W and Gm7W) and pentamer-like (for At7W)
forming cluster can be identified. The shifting of vibrational spectra for OH, NH, and CH stretch
fundamentals reflect the presence of hydrogen bond formation linking between water and 5-HT

(indole-NH, and 5-OH). The Bader's Atoms in Molecule (AIM) analyses show the value of

electron density (D) and Laplacian density Vzp at Bond Critical Point (BCP) of three
conformers are in the range of ideal hydrogen bond by Popelier's definition. Moreover, the Ring
Critical Point (RCP) and Cage Critical Point (CCP) can be identified confirming the topological

evidence of intramolecular hydrogen bond interactions. The second-order energy of electron

transfer between donor-acceptor H-bond interactions i.e. Lone-pair O—>C*H-O or O *H-N
within 5-HT(H,O); conformers were computed by the Natural Bond Orbital (NBO) analyses
showing high magnitude of stabilizing energy for hydrogen bond. The bulky solvent effects on
the conformers of 5-HT(H,O); were also investigated. The results show that the relative
energetic stabilities obtained for the 5-HT(H,O),; under Polarizable Continuum Model (PCM) are

consistent with those of corresponding isolated cluster conformers in gas phase calculations.
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