
Crystal Structure of the Human Prostacyclin Synthase

Prostacyclin synthase (PGIS) catalyzes an isomerization of prostaglandin H2 to prostacyclin, a potent mediator of
vasodilation and anti-platelet aggregation. Here we report the crystal structure of human PGIS at 2.15 Å resolution,
which represents the first 3D structure of a Class III cytochorme P450. While notable sequence divergence has been
recognized between PGIS and other P450s, PGIS exhibits the typical prism-shaped P450 fold with only moderate
structural differences. The conserved acid-alcohol pair in the I helix of P450s is replaced by residues G286 and N287 in
PGIS, but the distinctive disruption of the I helix and a nearby water channel remain conserved. Residue N287
appears to be situated for endoperoxide bond cleavage, suggesting a functional conservation of this residue in O-O
bond cleavage. A combination of bent I helix and tilted B' helix creates a channel extending from the heme distal
pocket, which seemingly allows substrate binding; however, residue W282, placed at a distance of 8.4 Å from the iron,
may serve as a threshold to exclude most heme ligands from binding. Additionally, a long "meander" region
protruding from the protein surface may impede electron transfer. The PGIS structure presented here should provide
an avenue to better understand the structure/function relationship of the atypical P450.

Biology

79

Cytochromes P450 (P450s) are heme-containing enzymes
involved in various vital processes including degradation of xenobi-
otics, biosynthesis of steroids and lipids as well as drug metabolism
and carcinogenesis.1 P450s can be categorized according to their
redox partners.2 Class I P450s have two electron-transfer partners: a
reductase which is a NAD(P)H-dependent flavoprotein, and an iron-
sulfur protein serving as the immediate electron donor to P450. Class
II P450s use only one electron-transfer partner, P450 reductase. Class
III P450s, such as prostacyclin synthase (PGIS), do not require any
electron-transfer partner or molecular oxygen as endoperoxides or
hydroperoxides are their sole substrates. There are also a few P450s
which, for example, catalyze a peroxide-dependent hydroxylation or
obtain electron directly from NAD(P)H, do not belong to the above
categories and are grouped as Class IV P450s. While three-dimension-
al structures are available for a number of P450 enzymes, there are no
X-ray structures of a Class III P450. Thus, the wide diversity of P450s
will be helpful by the determination of tertiary structure of a Class III
P450 for elucidating the differences in active site structure as well as
providing information crucial for drug design.

PGIS catalyzes an isomerization of prostaglandin H2 (PGH2) to
prostacyclin (PGI2), which is a highly potent vasodilator and inhibits
platelet aggregation. It is primarily expressed in endothelial and
smooth muscle cells and is associated with endoplasmic reticulum
and nuclear membrane. In tissues, the enzyme is found mainly in
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