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Results

Simulation of rup, Yave and Rp. To better understand the effect of time averaging on the rgpp, ¥4, and
Rp, a simulation of a proton on a phenyl molecule was performed. In the simulation the phenyl proton
approaches within 6 A (res) 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 (Tfar)-
In this simulation, the molecule can only be in two positions; close and far. After mathematical

manipulation of eq 6, r,p, becomes:
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where f.,5c and f,, are the fraction of time in the close and far positions, respectively. The apparent

distance (r,pp) 1s different than the time-averaged distance r,,,, when f,, > 0 :
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Subsequently, Rp has similar time averaging behavior as ray,, when fg,. > O:
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where Rgjose and Ry, are the close and far relaxation rates, respectively. For this simulation, the Rgjose
was arbitrarily set to 2 s'l, which would make R, based on distances equal to 0.053 sec’! (i.e. (11'6/6'
%)%2).

Figure S1 shows the simulation of 7, 7., and Rp using the Equations S1, S3 and S4 and the effect of
Tapp and rq,e, when the molecule spends a certain fraction of the time close to the heme. When the
molecule is oriented with the proton close to the heme 15% of the time (i.e. fejo5e = 0.15), the g, 15 8 10\,
while the 74, 1s 10.25 A. When the proton is in this oriented 50% of the time in the closer position, the
Tapp is Teduced to 6.7 A compared with an 1,y of 8.5 A. When the simulated proton spends even a small
amount of time at the closer distance, the calculated r,, is skewed toward the shorter distance (Figure
S1A). The skewing effect helps explain why distances calculated with the Solomon-Bloembergen
equation in a number of studies are not as dispersed as one might expect, such as those found by Regal
and Nelson (1). In Figure S1, the equation for Rp is plotted with respect to the fraction of time in the
closer (fuios) orientation. The trend of Rp is linear with respect to f./,s., Which resembles the trend of r,,,,
except that the slope has the opposite sign. In other words, smaller r,,, is going to have a higher Rp and
a larger r,,, 1s going to have a lower Rp.

This linear relationship does not mean that it is possible to calculate r,, from Rp because the
magnitudes of the slopes cannot be correlated. The linearity simply means that the time averaging of
known Rp rates and known distances is similar. Because of the 1% distance and linear relationship of 7,
and Rp, respectively, Rp is considerably more sensitive to orientation than r,,,. In cases were the
molecule is highly mobile, Rp may provide a better sense of the preferred orientation than r,,. On the
other hand, if molecules are only in a single orientation (i.e. f;, = 0), then r,,, might also accurately
represent the orientation because r,,, would then equal r,,,. Therefore, the relationship of Rp and r,
with respect to orientation should be treated carefully, but may be useful for understanding qualitatively

the orientation and movement in the active site.



NMR Peak Shifts of AP and its Metabolites Show that They are in Fast Exchange. P450 ligands
exchange between the P450 active site and the solvent. At high ligand to protein ratios, the interaction
between drugs and P450 is examined indirectly by probing drugs in the bulk solvent. This requires that
drugs exchange on the order of hundreds of microseconds, or faster.

Fast exchange of drug binding is usually determined by examining the temperature-dependence of the
Rp (1-5). However, these experiments are complicated by two factors. First, the spin state of P450s is
temperature sensitive (6-9). Second, if the Kp is temperature-dependent, the drug may bind in a
different orientations depending on the temperature. To avoid these problems, shifts and broadening of
ligand NMR peaks can be monitored to determine if ligands are in fast exchange (/).

Since all the molecules bind to P450 2B4 with Kp’s in the mM range, these ligands were expected to
be fast exchange. To test whether these ligands were indeed in fast exchange, the chemical shifts of the
NMR peaks were examined in the presence of oxidized and reduced P450 2B4 as done previously (/,
10). As shown in Figure S2 there are clear shifts in the aromatic region of the DMAP NMR spectrum in
the presence of oxidized vs. reduced P450 2B4. Similar shifts were observed for AP and AAP (data not
shown). Thus, all the molecules were in fast exchange.

The effect of P450 2B4 on the relaxation of AP and its metabolites can also be diagnostic for fast
exchange because intermediate and slowly exchanging ligands have distinct effects on the NMR spectra
and the observed Rps. First, the NMR linewidth of the ligand-bound NMR signal for a ligand in
intermediate or slow exchange is broadened many fold (//, 12). Because the area of the ligand-bound
NMR peak remains constant, the increase in linewidth leads to a decrease in amplitude of the NMR
peak. In other words, the signal will essentially be absent from the NMR spectrum. Second, because of
the long residence time of the ligand bound to the protein in these exchange regimes, the observed
relaxation rate will no longer be a mixture of ligand-bound and —free relaxation rates. Instead, the

observed relaxation rate of the prominent NMR ligand signal will relax at the same rate as a ligand that



is free in solution. Since the molecules were significantly relaxed by P450 2B4, they were all in fast

exchange.
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Table S1. Additional Force field parameters used for P450 2B4*

Bond Energy (kcal mol” A Distance (A)" Reference
Fe-S 87.589 2.377 (13)
Angle® Energy (kcal mol 'rad™) Reference

Fe-S-C, 21.646 (13)

Np-Fe-S 13.277 (13)

Dihedral® Energy (kcal mol™) Reference

Cp-S-Fe-Np 0.034° (13)

* Fe, heme iron; S, sulfur of C435; Cy, C, of C435; Np, pyrrole heme nitrogen.
b Equilibrium distance value from (/3).

 The angles and dihedrals, used in the simulations, were calculated using the values measured from
the P450 2B4 X-ray crystal structure (/4).

¢ Autenrieth et al., 2004 obtained energy values for cytochrome ¢ of 0.04 kcal mol(15)
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Scheme S1. Synthesis of DMAP.



Figure Legends

Figure S1. The effect of time averaging on tayp, Yag and Rp. A. Calculated rypp, (solid line) and raye
(dotted line). B. Paramagnetic relaxation (Rp) with respect to the fraction of time in the closer

orientation (i.e. fgiose)-

Figure S2. ID '"H NMR Spectrum of 1.0 mM DMAP in 99% D20 with 40 uM of oxidized (top) and
reduced (bottom) with CO-reduced P450 2B4. Only the peaks labeled 2°/6°, 3°/5’ and 4’ of the

aromatic region are shown. Vertical lines are put onto the graph to emphasize the shifts.

10



Distance (A)

B
1.5-
€ 1.0
0.5
| | ; l : I
0.0 0.2 0.4 0.6 0.8 1.0

fclose

Figure S1.



NMR Amplitude (A.U.)

3'/5"

i

o

2'/6'

-

H

I I
7.60 7.55

Figure S2.

I
7.50

I
/.45
ppm

I
7.40

I I
7.35 7.30

12



