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Descriptif du projet

Microsomal cytochrome P450 enzymes (CYPs) play a central role in human physiology,
contributing to the metabolism of approximately 70% of commonly prescribed drugs, as well as
fatty acids and steroids.[%?l These enzymes rely on a continuous supply of electrons delivered by
their redox partner, NADPH cytochrome P450 reductase (CPR), a diflavin-containing protein
essential for catalytic activity. Electron transfer (ET) is initiated by the nicotinamide adenine
dinucleotide phosphate (NADPH) cofactor, which donates a hydride to CPR. Electrons are then
relayed sequentially through CPR’s flavin cofactors—flavin adenine dinucleotide (FAD) and flavin
mononucleotide (FMN)—before reaching the terminal acceptor, the heme iron of CYPs. The
efficiency of this process is tightly coupled to the conformational dynamics of CPR. In solution,
CPR interconverts between “locked/closed” and “unlocked/open” states, and this equilibrium is
critical for regulating electron transfer. While these dynamics have been investigated using
spectroscopic and structural methods, most studies have relied on truncated or mutated protein
variants.371 Consequently, the molecular determinants governing the conformational landscape
of the full-length protein remain poorly defined. Although mutations within the flavin domain
(FD) and small-molecule binding have been shown to perturb this equilibrium,?8! these studies
did not simultaneously track flavin redox states, leaving a key aspect of CPR regulation
unresolved.

To address this limitation, we will investigate full-length human CPR using Site-Directed
Spin Labelling (SDSL) in combination with Electron Paramagnetic Resonance (EPR)
spectroscopy.”® By incorporating non-canonical amino acids at strategically selected positions,
followed by site-specific nitroxide labelling, we will probe the conformational dynamics of CPR
across its redox cycle. Double Electron—Electron Resonance (DEER) experiments will provide
distance constraints through semiquinone/nitroxide and nitroxide/nitroxide spin pairs, enabling
structural characterization of distinct conformational states. Importantly, we will examine CPR in
a native-like environment and in functional interaction with CYPs, assessing the effects of
membrane association!'®13! and redox chemistry on CPR structural dynamics. Complementary
biophysical approaches, including cryo-electron microscopy (cryo-EM, in collaboration), will
further strengthen the structural framework providing an integrated view of CPR dynamics,
modulated by redox conditions to enable efficient electron transfer to CYPs.
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