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Computational approaches for understanding the

origin of antioxidant properties in Hemocyanin
enzymes

Hemocyanins (Hc), proteins commonly known for its extracellular roles in oxygen (O2) sensing, transport, and
storage in many invertebrates,[1] have an intriguing and poorly understood intracellular presence. Emerg-
ing evidence suggests a significant correlation between oxidative stress and increased intracellular Hcs levels,
implicating an active role of Hcs in the antioxidant response.[2] In this study, we employ ab initio calcula-
tions (DFT and QM/MM) to unravel the binding features of reactive oxygen species (ROS) at the Hes active
site, using hemocyanin from the arthropod Limulus polyphemus as a model system, to elucidate its potential
function in mitigating oxidative stress and contributing to cellular defense mechanisms. Our findings reveal
novel states of the Hes active site, unprecedented insights into its function as a ROS-scavenging enzyme, and
a detailed elucidation of its mode-of-action, which highlights the pivotal role of Hcs in oxidative stress man-
agement and its potential contribution to the immune response. These insights broaden our understanding
about the functional versatility of Hes and serve as a foundation for the rational design and development of
novel artificial enzymatic systems with ROS scavenging properties.
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