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Results
Simulation of r,,,,, r,,, and Rp. To better understand the affect of time averaging on the r,,,,,r,,, and R, a
simulation of a proton on phenyl molecule was performed. In the simulation, the phenyl approaches
within 6 A (r,,,) of the heme iron. When the phenyl group flips with the orientation of the proton
opposite to the heme, the maximum distance will be 5 A greater or a total distance of 11 A (re,). In this

simulation, the molecule can only be in two positions: close and far. The r,,, in this case is:
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(Eq. 1b)
, where f,,,,, and f;, are the fraction of time in the close and far positions, respectively. The apparent

distance (r

»p) 18 different than the time-averaged distance r,,,, when f;,. > 0:

ravg = Jetose ciose + ffarr_‘far (Eq 2)

Subsequently, R, has similar time averaging behavior as r,,,, when f;, > 0O:

RP = ﬁ'ltlseRL'l<1se + ffarRﬁJr (Eq 3a)
RP = f;‘loseRclose (Eq 3b)
, where R, and R, are the close and far relaxation rates, respectively. For this simulation, the R,

was arbitrarly set to 2 sec”, which would make R,, based on distances equal to 0.053 sec” (i.e. (11°%6°
6)%2).

Figure S1 shows the simulation of r,,,, r,,, and R, using the equations 1a, 2 and 3a. Figure SIA shows
the effect of r,,, and r,,,, when the molecule spends a certain fraction of the time close to the heme. When
the molecule is oriented with the proton close 15% of the time (i.e. f,,,,=0.15), the r,,, is 8 A, while the Favg

is 10.25 A. When the proton is in this oriented 50% of the time in the closer, the r,,, is reduced to 6.7 A

app



compared to an r,,, of 8.5 A. When the simulated proton spends even a small amount of time at the closer
distance, r,,, skews to that distance. The skewing effect explains why distances measured using the
Solomon-Bloombergen equation in a number of studies are not as dispersed as expected (e.g. /). In
Figure S1B, the equation for R, is plotted with respect to the fraction of time in the closer (f,,,,)

like

orientation. The trend of R, is linear with respect to f, wg» €Xcept that the slope is in the opposite

lose

direction, since the closer orientation is going to have a faster relaxation rate.

This linear relationship does not mean that it is possible to calculate r,

avg

from R, without knowing the
other parameters (€.8. > Turs Juiose a0d f,). It just means that the time averaging of known R, rates and
known distances are linear. Because of the 7’ distance relationship, R, rate is considerably more sensitive

to orientation than r

wp- 1N cases were the molecule is highly mobile, the R, rate may provide a better

sense of the preferred orientation than r,

wp- ON the other hand, if molecules are only in a single orientation

(ie. f;,=0), then r,,, might also accurately represent the orientation because r,

»p Would then equal r,,,.
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With that in mind, the relationship of R, and r,,, with respect to orientation must be treated carefully, but

app
may be useful for qualitatively understanding the orientation and movement in the active site.

Size-Exclusion Chromatography Reveals the Aggregation State of Recombinant CYP3A4 in the Absence
and Presence of Anapoe CI2EIO. To determine the aggregation state of CYP3A4 size-exclusion
chromatography (SEC) was performed. Figure S2A shows the chromatogram of purified recombinant
CYP3A4 in the absence of Anapoe C12E10. The retention time of the recombinant protein was 28.7 min.
Analysis of the chromatogram in Figure S2B gave an average molecular weight of 236 kDa, which
indicated that the recombinant CYP3A4 is primarily a tetramer (i.e. 236 kDa/60 kDa). Figure S2C shows
the chromatogram of recombinant CYP3A4 in the presence of 2% Anapoe C10E12. The retention time
was 32.5 min. and the molecular weight calculated from Figure S2D was 66 kDa, which indicated that the
protein was a monomer.

CYP3A4 Absorbance Difference Spectra of Supersomes™ Overexpressing CYP3A4 in the Presence of

MDZ and CBZ. Titrations of CYP3A4 were performed to determine, whether the affinity of MDZ to



purified CYP3A4 was similar to Supersomes™ overexpressing CYP3A4. The absorbance difference
spectra of CYP3A4 in the presence of MDZ and CBZ in Supersomes™ are shown in Figure S3. The
titration curves were fit using GEPASI and the equilibria shown in Scheme 2. The absorbance difference
spectra of CYP3A4 in the presence of CBZ were too minute in Supersomes™to make a reliable
measurements (data not shown), so the K, -5, from purified CYP3A4 was used to fit the titration curves
with GEPASI.

As with purified CYP3A4, type I absorbance differences were observed for CYP3A4 in the presence of
MDZ in Supersomes™ . The K, and K,,, determined by fitting the MDZ titration curves with GEPASI
and equilibria in Scheme 2 were 6.7 + 2.9 uM and 26.7 + 5.8 uM, respectively. This was qualitatively

similar to the K, values that were determined in purified enzyme. However, the A,,,, was about 30%

lower than purified CYP3A4 with a value of 0.0228 uM™" cm™ at 100 M MDZ. The contrasting A, and
K, s may reflect differences in the aggregation state and membrane interactions between membrane-bound
CYP3A4 in Supersomes™ and purified N-terminal truncated CYP3A4.

Figures S3B and S3C show the effect of CBZ on the MDZ titration curves. As was observed in purified
CYP3A4, Ae at 100 uM MDZ in the titration curves decreased with increasing the CBZ concentration.
Fitting the titration curve in Figure S3C with GEPASI gave a K, .5," of 33.2 + 2.0 uM, which is very
close to the affinity of CBZ to purified enzyme.

Shifts and Broadening of MDZ and CBZ in the Presence of Oxidized and Reduced CYP3A4 Suggest that
the Drugs are in Fast Exchange. Drugs bound to CYPs are continuously exchanged for drugs in bulk
solvent. For experiments in this study, the ligand to protein ratio is relatively high. Therefore, the heme-
induced R, of drug protons is indirectly measured by probing drugs in bulk solvent. For this to be
possible, drugs must exchange considerably faster than the relaxation rate of the protons, which is
typically on the order of seconds.

Fast exchange of drug binding is usually determined by examining the temperature-dependence of the

paramagnetically-induced 7-relaxation (/-5). However, these experiments are complicated by two



factors. First, the spin state of P450s is temperature sensitive (6-9). Second, if the K, is temperature-
dependent, the drug may bind in a different orientations at different temperatures. To avoid these
problems, fast exchange of P450-bound drugs was established by analyzing NMR peak shifts and
broadening as previously described (2, 10, 11).

The CYP3A4-induced shifts and the broadening of MDZ and CBZ in Figure 5 show that these
ligands are in fact in fast exchange with the protein. Further evidence of fast exchange is shown in Figure
S4, which shows the effect of oxidized and reduced CYP3A4 on the NMR peaks of MDZ and CBZ.
Figure S4A shows the broadening and shifting of the MDZ proton NMR peaks in the presence of
CYP3A4. Because of a lower affinity, the shifts observed for CBZ are more modest than for MDZ
(Figure S3). When both ligands are present in the same sample (Figure S4), the NMR spectra also shows
distinct shifts and broadening. The shifts and broadening observed in Figures 5 and S4 conclusively show

that the ligands are in fast exchange.
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Table S1. Additional Force field parameters used for CYP3A4"

Bond Energy (kcal mol™ A™) Distance (A)" Reference
Fe-S 87.589 2.377 (12)
Angle* Energy (kcal mol'rad™) Reference

Fe-S-Cy 21.646 (12)

Np-Fe-S 13.277 (12)

Dihedral® Energy (kcal mol™) Reference

Cy-S-Fe-Np 0.034 (12)

* Fe, heme iron; S, sulfur of C442; C,, C, of C442; N,, pyrrole heme nitrogen.
® Equilibrium distance value from (/2).

‘The angles and dihedrals, used in the simulations, were calculated using the values measured from the
CYP3A4 X-ray crystal structure (/3).

¢ Autenrieth et al., 2004 obtained energy values for cytochrome ¢ of 0.04 kcal mol™ (14)
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Figure S1. The effect of time averaging on r,, 1., and Rp.
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A) Calculated r,,, and r,, and B)

Paramagnetic relaxation (R,) with respect to the fraction of time in the closer orientation (i.e. f,,,,,)-
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Figure S2. Effect of 2% Anapoe CIOEI2 on the aggregation state of recombinant CYP3A4. Size-
exclusion chromatograms (left panels) and the analysis (right panels) of purified recombinant CYP3A4
(A-B) and purified recombinant CYP3A4 with 2% Anapoe C10E12 (C-D). The recombinant CYP3A4
and the standards in the size-exclusion chromatograms are shown as solid and dotted lines, respectively.
The peak positions of the standards and the recombinant CYP3A4 are shown as open and closed squares,
respectively. A line fit through the standard peak positions is shown as a dotted line. MW is the molecular

weight in kDa.
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Figure S3. Simple absorbance difference of CYP3A4 in Supersomes™ in the presence of midazolam
(MDZ) and carbamazepine (CBZ). The left and right panels show changes in the UV-visible of the
CYP3A4 in the presence of A) MDZ, B) MDZ and 120 yM CBZ and C) MDZ and 240 uM CBZ. The
panels on the left show the simple absorbance difference and the panels on the right show the amplitudes
(solid squares) and fits. The curves in the right panels were simulated and fitted using GEPASI and the

model that is shown in Scheme 2 with parameters from Table S2.
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Figure S4. Shifts and broadening of MDZ and CBZ proton NMR peaks in the presence of oxidized and
reduced CYP3A4. NMR spectra in the aromatic region between 6-8 ppm of A) 260 uM MDZ, B) 260 uM

CBZ and C) 260 yM MDZ and CBZ in the presence of oxidized (top) and reduced (bottom) CYP3A4.
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