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Fig. 1.  When CyP2E1 (yellow ribbons) binds indazole (yellow sticks), it binds above the heme pros-

thetic group (red sticks) in a small enclosed active site (yellow mesh) separated from another small

adjacent void (yellow mesh) by Phe298 (yellow sticks).  however, when CyP2E1 binds an imidazolyl

fatty acid analog (blue sticks), the overall backbone structure of the enzyme (blue ribbons) doesn’t

change, but Phe298 (blue sticks) rotates to merge the two indazole structure voids into one continu-

ous cavity (blue mesh) to accommodate the fatty acid compound.

SIZE DOESN’T mATTEr FOr CyTOChrOmE P450
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This work reveals the nature of a
CyP2E1 active site that is dramatically
expanded to accommodate these mole-
cules. Furthermore, the binding mode
is unlike that observed in other fatty
acid-binding cytochrome P450 mole-
cules. The structures all had the basic
CyP fold and were overall very similar
to the previous CyP2E1 structure, but
the active site itself reveals dramatic
changes when long chain fatty acids
are bound. In the small molecule struc-
ture, the size of the active site was 190
Å3, but when bound to fatty acids, the
active site was more than doubled to
420 Å3 for the 8-carbon compound, 440
Å3 for the 10, and 473 Å3 for the 12-
carbon compound. This striking change
in active site architecture is not the
result of large scale changes in the
structure of the enzyme but rather the
rotation of a single amino acid, pheny-
lalanine 298, which moves to merge
the previously-identified small active
site with an adjacent void between
nearby helices in the protein (Fig. 1). 

Studies on this enzyme have
revealed a third, substantially different,
active site topology when an inhibitor is
bound. These remarkable changes in
active site shape and volume are deter-
mined by the substrate that is present
and make the prediction of drug sub-
strate metabolism very difficult. For this
reason, the researchers plan to solve
additional structures of the enzyme
with other substrates bound in order to
understand its ability to oxidize 70+ dif-
ferent substrates.  — Sandy Field

One challenge faced by the
researchers — from The University of
kansas and ImCA-CAT — in determin-
ing the structure of the enzyme bound
to a fatty acid was to identify an appro-
priate fatty acid to co-crystallize with
CyP2E1. Fatty acids consist of a head
group of an acid at one end and a long
hydrocarbon tail. The latter makes
them relatively water-insoluble and diffi-
cult to work with under crystallization
conditions that require millimolar con-
centrations of protein in an aqueous
solution. In this case, addition of a car-
bon-nitrogen-containing ring called imi-
dazole to the last carbon in the fatty
acid tail increased the solubility, as well
as causing an absorbance change that
could be used to monitor ligand binding
to the protein. Finally, imidazole addi-
tion encouraged the fatty acid analogs
to bind in a single orientation corre-
sponding to the major fatty acid
metabolite observed experimentally.
This is helpful because fatty acid lig-
ands can bind CyP2E1 in multiple ori-
entations, which are difficult to resolve
with x-ray crystallography.

These substrate analogs, imida-
zole-containing fatty acid chains of 8,
10, and 12 carbons in length, were co-
crystallized with CyP2E1 and their
structures solved to 2.9 Å-, 2.7 Å-, and
3.1-Å resolution, respectively.  The 10-
carbon analog was solved at the ImCA-
CAT 17-Bm beamline at the APS; the
8- and 12-carbon analogs were solved
at beamline 9-2 at the Stanford
Synchrotron Radiation Light Source.

T
he cytochrome P450 (CyP) superfamily is responsible for the metabo-

lism of many normal cellular compounds as well as foreign compounds

such as drugs. In humans, nine members of this superfamily of

enzymes are estimated to process up to 75% of pharmaceutical com-

pounds, making them an important focus of clinical medicine. The CyP enzyme

2E1(CyP2E1) oxidizes more than 70 compounds, ranging from small-molecule

drugs such as acetaminophen to larger molecules such as the long-chain fatty

acid arachidonic acid, an important cellular signaling molecule. Previous work

determined the structure of CyP2E1 in the presence of small-molecule sub-

strates, but how the active site might also accommodate the long fatty acid sub-

strates was unclear. To answer this question, a research team utilizing two U.S.

Department of Energy x-ray light sources built on previous work by solving the co-

crystal structures of CyP2E1 with three fatty acid analogs of varying chain length.

This study provides new insights into the mechanism of action of this important

class of enzymes.
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17-Bm • ImCA-CAT • Life sciences •
macromolecular crystallography, multi-
wavelength anomalous dispersion, sin-
gle-wavelength anomalous dispersion
• 7.5 keV-14 keV • On-site, remote,
mail-in • Accepting general users
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