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Substrate-specific cytochromes P450 play major roles in steroid 0.6
and eicosanoid biosynthesis and thus constitute important drug
design target3.In contrast, P450 isozymes expressed in the liver 05
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take part in the metabolism of nearly all driigédverse drug o A
reactions, for instance to Prozamgsult from individual variations E 0.4 50'5 N
in hepatic P4508.1t is thus important to predict which P450s = ¢ 3 S04
interact with a potential drug candidate and to understand the nature ~7 v ~o03 [
of these interactions. 202 @
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We have developed fluorescent probe molecules for P450cam <
(the prototypical P450) that consist of anw-diaminoalkane chain \ o
connecting a dansyl fluorophore to the P450cam substrate ada- 0' e C T,

0 1
mantane: 350 400 450 500 550 600 350 400 450 500 550 600
wavelength (nm) wavelength (nm)

o o Figure 1. (A) Absorption spectra showing the binding of camphor to
Q N Hﬁ(@ P450cam (4.%M) in the presence of 1 equiv of D-4-Ad. The initial addition
of D-4-Ad to P450cam results in a shift in the Soret absorption from 416
\ 0 D-4-Ad to 414 nm. A fit of the data to a competitive binding model gives a
/ 0 o dissociation constant of 0.83V. (B) The camphor-induced shift from low-
Q s’ H\(@ to high-spin P450cam (5/M) in the presence of 1 equiv of D-8-Ad. Black,
P450cam; purple, P450catn 1 equiv of dansyl probe; blue to red, 0.5, 1,
D-8-Ad 2,4, 8, 16, 32, and 64 equiv of camphor.

A shift in Soret absorption (Figure 1) and greatly diminished dansyl
luminescence attributable to'Eter energy transfer to the hefne
(Figure 2) accompany probe binding. When D-4-Ad is displaced
from the active site by camphor, fluorescence is restored (Figure
2a)’ Because a bright signal stands out against a dark background,
substrate or inhibitor binding is readily detected. This assay, which
is both simple and sensitive, can be employed to screen combina-
torial chemical libraries.

Both fluorescence and absorption spectra show that D-4-Ad
binding to P450cam is competitive with camphor. The Soret shift
(416—414 nm) induced by D-4-Ad indicates that it binds in the
active site. With &g of 0.83uM, D-4-Ad binds twice as strongly 400 450 500 550 600 650 400 450 500 550 600 650
as the natural substratéD-8-Ad also induces a shift in the Soret wavelength (nm) wavelength (nm)
maximum from 416 to 414 nm: from the integrated D-8-Ad Figure 2. Fluorescence spectra of D-4-Ad (A) and D-8-Ad (B). Black, 2
fluorescence in the presence and in the absence of P450cam, W%meDt}JS}ég,(ngA_é_féch%ur:\pfﬁ dz‘é'!nds";‘/?;{(')géogg 11 '32“1‘1"";"(1':;1530;1%
estimate an upper limig ~ 0.02uM for this probe'® 64 equiv of camphorig = 1.6 uM).°

The crystal structure of the P450cam:D-8-Ad complex shows
that the probe binds in the same channel a§Buy)—linker—Ad
(bpy = 2,2-bipyridine) analogues (Figure 3).The eight-carbon
chain is nearly fully extended, allowing the dansyl moiety to bind
at the surface of the protein. The good fit is attributable to
conformational flexibility; that is, the F and G helices open just
enough to allow the probe to enter and bind. The observed
conformation is midway between the “closed” (campkbgnd
“open” (Ru-linker-Ad}-d structures.

fluorescence (arb.)

fluorescence (arb.)

The structure reveals a hydrogen bond between the amide
carbonyl of the probe and Tyr96 in P450cam:D-8-Ad, mimicking
the hydrogen bond between camphor and Tyr96 in the P450cam:
substrate comple) In addition, there are a great many hydrophobic
interactions between the probe molecule and the enzyme; analysis
of these contacts shows that much of the solvent-accessible surface
area is buried. The estimatd¢; of 0.02 uM corresponds to a
binding energy of~11 kcal/mol, or~11 cal/(mol &) (Figure 4).

* Address correspondence to these authors. E-mail: hbgray@caltech.edu; .The R'u(bpya?’ analogues (Ru-9-Ad and Rugt#p-Ad) do not .
winklerj@caltech.edu. bind as tightly to P450cam, but the free energy changes per buried
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