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Human cytochrome P450s play the most critical role in drug substrates, such as erythromycin (ERY), yield only 22% high-spin
metabolism. There are multiple P450s in the liver, and the exact content when bound to CYP3A4-Nanodiscs (Supporting Informa-
control of redox potential by drug binding to the cytochrome P450s tion). Hence, the change in redox potential on binding these
is not well understood. For an effective physiological function of substrates can be used to define the linkage of substrate binding,
the numerous human P450s, understanding the mechanism oferric spin state, and overall redox potential change in membrane
control of redox events on substrate binding is critical. Hepatic bound cytochrome CYP3A4.
cytochrome P450 3A4 (CYP3A4) is a membrane bound cytochrome  Spectropotentiometric titrations of CYP3A4-Nanodiscs employed
P450 involved in the metabolization of almost 50% of currently pytton’s method in the presence of standard medidfoFsgure
available drug molecules in humahghe control of redox potential 1A shows that on reduction, for both the substrate-free and -bound
via drug binding to CYP3A4, studied herein, offers an elegant oyidized CYP3A4-Nanodiscs, there are transitions in both Soret
means of linking the utilization of pyridine nucleotide derived 4,4 -band region. The fraction of the reduced protein as calculated
reducing equivalents to efficient substrate metabolism and thus fom the spectral components is plotted against the applied potential
avoiding the productlon of unwan'Fed reduced oxygen species thatin Figure 1C. From Figure 1D (Nernst pld8the midpoint potential
could be deleterious to the organism. of the protein is calculated and the values are reported in Table 1.

hFor most SIOLI.Jbleb b,;;:te”?:] P45t?st, rteo!og medastlj_rﬁeme?rtls fha\_/e The binding of the Type | substrates TST and BC leads to a
shown a correlation between the substrate induced Snifts In the errlCsignh‘icant increase in the high spin content, accompanied by an

spin state of the heme iron and the redox potential of the préfein. . . . .
. S . increase in redox potential of c&80 mV. The nanoscale bilayer
In fact, the basic thermodynamic spin-state control of redox potential . .
environment allows clean measurement of redox potentials of the

has been shown to be true for many heme protétridowever, . i . - .
membrane protein owing to increased stability of the monomeric

numerous studies on the redox potential control by substrate bindingCYP3A4 d the ab f i f det i
to membrane bound CYP proteins (in detergents and liposomes) ™" and the absence ot aggregation or presence of detergents
which can alter the physical state of the CYP3A4 heme protein.

have claimed that the redox potential of membrane bound cyto- . . ) .
Key factors leading to the difference in redox potentials of the

chrome P450s show little if any dependence on the binding of ] ) e )
substrate-free and -bound P450 include the difference in ligand field

substrate8,the mitochondrial CYP11A1 being an exceptfom LA ' ! ) -
particular, previous studies on detergent solubilized CYP3A4 have Stabilization energy between low-spin (LS) and high-spin (HS) ferric

suggested that there is no change in redox potential of the protein®Me, the conformational change in the protein, and the change in
on binding substrates such as testosterone and ethylmorphinethe local dielectri&? around the heme. In CYP3A4, the coordination
although a change in the ferric spin equilibrium is obsefathese of water at the sixth distal ligand position can stabilize the LS
studies have led to the speculations that substrate binding, spin state€xacoordinated state of the ferric heme. As water is a weak ligand
and redox potential, which have been shown to be linked for soluble for the ferrous heme, the reduced ferrous CYP3A4 is predominantly
bacterial P450s, is not applicable to the important CYPs involved in the HS five-coordinated state. On substrate binding the water
in drug metabolism. molecule coordinated to ferric LS can be displaced, leading to the
In this Communication, we measure the solution redox potential formation of five-coordinated ferric HS irof.This makes it easier
of CYP3A4 in a native-like membrane bilayer mimic (Nanodisc). for the substrate-bound protein to be reduced, as the free energy
The Nanodisc provides an ideal environment for generating active, difference between substrate-bound five-coordinated ferric HS and
soluble, and monodisperse integral membrane proteins and avoidgive-coordinated ferrous HS is lower than substrate-free ferric LS
potential aggregation that could make redox potential measurementsand ferrous HS. This is manifested in an increase in the redox
difficult.” We show that the redox potential of CYP3A4 in potential of CYP3A4 on binding substrates. The stronger the ability
Nanodiscs can be correlated with the spin equilibrium constants of of the substrate to perturb the water ligation to the ferric heme, the
the ferric heme protein, analogous to that observed for CYP101, more pronounced is the spin-state shift resulting in an increase in
yielding a coherent understanding of metabolic regulation in the the redox potential.
cytochrome P450s. We found a linear free-energy relationship between the formal
The assembly of CYP3A4 in Nanodiscs yields a 1:1 ratio of pgtential €°') observed versus the free-energy change = RT
CYP3A4 to the nanobilayer and represents a homogeneous anfrn Kspin Of the ferric spin state equilibrium for both CYP3A4 and
mono_m_eric populatiof.Previously, it has be(_an _shown that bro- cyp 102 (Figure 2) where&spy is the ratio of the high-spin and
mocriptine (BC) and testosterone (TST) binding to CYP3A4- |4y gpin fraction of the ferric protein. Interestingly, CYP3A4 in
;\‘a”Od'SCaS induce &90% spin conversion to the high spiB & \anodiscs displays the same slope as that previously determined
/>) staté* compared to an incomplete high spin conversion in ¢, e soluble CYP101, but with a uniform shift to higher redox
various reconstituted or detergent solubilized systerxher potential, demonstrating that the modulation of heme redox potential
" Department of Biochemistry and School of Molecular and Cellular Biology. through effeCt_ on the ferric spin equilibrium is of similar origin
*Beckman Institute for Advanced Science and Technology. for both proteins.
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" energy plot reflects the more nonpolar environment of the heme
. 1 center in the membrane. Such effects have been discussed in the
€ o8 literature for other heme proteif&:c
E 0§ In summary, we show that spectropotentiometry of membrane
< :: bound cytochrome P450s can be successfully achieved using the
S e Py S Nanodisc system. Multiple redox cycling of CYP3A4-Nanodiscs
380 430 480 530 580 630 680 380 430 480 530 580 630 680 is reversible, without any conversion to the inactive P420 form.
Wavelength (nm) Waveiength (o) We report a significant increase in CYP3A4 redox potential upon
100- 2 Reduction |i__ 2 S Reducion LD binding some Type | substrates and show a common linkage
g : %’f ’»/ between substrate binding, the ferric spin state equilibrium, and
g ﬂ [ <% / overall redox potential that is shared by both soluble and membrane
£l gos /‘f/ bound P450s. These linkages can reflect a substrate dependent
‘:W w0200 2% 20w 8 o | P T control of metabolism, providing a means for avoiding unwanted
Potential (mV vs. SHE) 2 otentia (m v, SHEy production of toxic reduced oxygen species in the absence of

- ] - ~ Substrate.
Figure 1. The redox titration of CYP3A4 in Nanodiscs is conducted in
100 mM phosphate buffer pH 7.4 at 26 for substrate-free and substrate- Acknowledgment. We acknowledge Dr. llia Denisov and Dr.

bound protein. (A) For substrate-free CYP3A4, the direction of the arrows park A. McLean at the University of lllinois for helpful discussions.

indicate that the absorption maxima at 548 and 408 nm decreases and at, .

569 and 415 nm increases during the course of oxidative titration. (B) For tl'hls research was supported by NSF (Grant EEC-0118025) and
substrate bound CYP3A4, the absorption maxima at 548 and 408 nm NIH Grant GM31756.

decreases while that at 645 and 391 nm increases during the course of the . . . . . .
oxidative ftitration. The changes in the absorption maxima were used to Supporting Informatlon Avgllablg. Description of th? experi-
calculate the percentage of reduced protein. The poten[ia| is measured at dnental methods. This material is available free of Charge via the Internet
4,4-dithio-dipyridine modified gold electrode. (C) The percentage of reduced at http://pubs.acs.org.
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