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Aberrant iron homeostasis is 

increasingly recognized as a central 

contributor to oxidative stress, protein 

aggregation, and progressive neuronal 

dysfunction in Alzheimer's disease. As 

the principal iron-transport 

glycoprotein, human transferrin (Htf) 

plays a pivotal role in regulating 

cerebral iron distribution, making it an 

attractive molecular target for 

therapeutic intervention. α-Tocopherol 

(vitamin E), a potent lipophilic 

antioxidant, has demonstrated 

neuroprotective potential; however, 

the molecular basis underlying its 

interaction with Htf remains 

unresolved. To address this knowledge 

gap, we employed an integrated 

computational and biophysical 

workflow comprising molecular 

docking, molecular dynamics 

simulations, fluorescence 

spectroscopy, and isothermal titration 

calorimetry to characterize the binding 

mechanism, stability, and 

thermodynamic profile of the α-

tocopherol–Htf complex at atomic 

resolution.

This study integrates molecular 

modeling with complementary 

biophysical approaches to 

systematically characterize the 

interaction between α-tocopherol and 

human transferrin at the molecular 

level. The agreement between 

molecular docking, molecular 

dynamics simulations, fluorescence 

spectroscopy, and isothermal titration 

calorimetry provides consistent 

evidence for stable, spontaneous, and 

high-affinity complex formation with 

minimal perturbation of transferrin 

structural integrity. Importantly, the 

identified interaction near functionally 

relevant iron-coordinating residues 

offers a plausible mechanistic basis 

for further investigating the influence 

of α-tocopherol on transferrin-

mediated iron homeostasis. Although 

the functional consequences of this 

interaction require validation in 

cellular and in vivo systems, these 

findings establish a robust molecular 

framework for future studies exploring 

antioxidant-mediated regulation of 

iron metabolism in neurodegenerative 

diseases.
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Exploring the binding of α-tocopherol, with human transferrin 

using computational and spectroscopic approaches: Implication 

of plant-derived antioxidant in neurodegenerative

diseases

Stable α-tocopherol–Htf interaction: Molecular docking and 200-ns molecular dynamics simulations demonstrated 

stable binding of α-tocopherol within the Htf binding pocket, with minimal conformational perturbations while preserving 

protein stability.

Experimental validation of binding: Fluorescence spectroscopy confirmed high-affinity binding (K = 1.1 × 10⁵ M⁻¹), and 

isothermal titration calorimetry verified spontaneous, endothermic complex formation, corroborating the computational 

findings.

Therapeutic significance: The integrated computational and biophysical analyses provide the first atomistic evidence 

that α-tocopherol may modulate transferrin-mediated iron homeostasis, supporting its potential as a neuroprotective 

candidate for Alzheimer's disease.


