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Showcasing research from Dr. Jun-Han Huang’s group, BGI Research, 
Shenzhen, China and Prof. Weitang Li’s group, School of Science and 
Engineering, The Chinese University of Hong Kong, Shenzhen, China.

Quantum-classical hybrid computation of electron transfer in a 
cryptochrome protein via VQE-PDFT and multiscale modeling

Accurate modeling of biological electron transfer is challenging due 
to complex electronic correlations. We present VQE-PDFT, a hybrid 
framework integrating active-space variational quantum eigensolver 
(VQE) with classical pair-density functional theory (PDFT) to 
effi  ciently recover both static and dynamic correlations. Applied to the 
cryptochrome protein ErCRY4 within a multiscale QM/MM architecture, 
this method yields transfer rates consistent with experimental 
spectroscopy. A demonstration on a superconducting quantum 
device further illustrates how this hybrid framework enables reliable 
biochemical predictions on near-term quantum hardware.
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