ENZYME'S METAL
CLUSTER IS NAILED

Definitive solution of the structure of an enzyme in
ISOPRENOID BIOSYNTHESIS could lead to new antibiotics
STU BORMAN, C&EN WASHINGTON

A LONG-STANDING disagreement over
the structure of a key metalloenzyme is
over, thanks to efforts by several groups.
The enzyme, called IspH, is found in
pathogenic microorganisms but not in hu-
mans, making it a promising drug target,
because medications aimed at it would kill
the microorganisms without adversely af-
fecting the people infected by them.

IspH has been an active focus of re-
search by several groups for almost a de-
cade. But difficulties in studying its iron-
sulfur cluster and conflicting findings have
made its structure and mechanism contro-

products, which includes cholesterol, caro-
tenoids, steroid hormones, and vitamins.
The IspH reaction is the final step in the

four-Fe cluster and a mechanism that in-
volved binding of HMBPP to one of IspH’s
Fe atoms. Earlier electron paramagnetic
resonance results by Rohmer and cowork-
ers showed a 4Fe-4S cluster (FEBS Lett.
2003, 541,115), which made a catalytically
active four-Fe structure seem more likely
to Wiesner, Jomaa, Ermler, and Oldfield,
despite their own study’s crystallographic
findings.

The four-Fe model was soon challenged
by chemistry professors Adelbert Bacher,
Tobias Grawert, Jorg Eppinger, and Mi-
chael Groll of the Technical University of
Munich and coworkers, who used crystal-

“nonmevalonate” biosynthetic pathway,
which was discovered and characterized
by microbial bioorganic chemist Michel

Rohmer of the University of Strasbourg,

in France, and coworkers
(Biochem.J.1993,295, 517).In
bacteria, the pathway leads
toisoprenoids involved in
processes such as cell wall
biosynthesis and quinone
formation, which are essen-
tial to microbe
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KEY REACTION IspH catalyzes the formation
of isoprenoid building blocks IPP and DMAPP from

viability.
Aniron-
sulfur cluster
servesasan
electron-trans-
fer cofactor in
the active site
of IspH. That
cluster’s 4Fe-

versial. Researchers investigating whether
the cluster is 3Fe-4S or 4Fe-4S now agree
thatitis the latter.

Using the recent findings, researchers
have identified compounds that inhibit
the enzyme and may lead to IspH-targeted
medications. And they have proposed that
the enzyme’s workings involve organome-
tallic bonding of a type that has only rarely
been observed.

The enzyme is present in malaria para-
sites, pathogenic bacteria, and plants, but
not in people or other animals. It catalyzes
the reductive dehydroxylation of (E)-1-hy-
droxy-2-methyl-2-butenyl 4-diphosphate
(HMBPP) to two isomeric five-carbon
compounds: isopentenyl diphosphate
(IPP) and dimethylallyl diphosphate
(DMAPP). These two compounds—which
are made in many organisms by another
enzyme in a different biosynthetic path-
way—are the building blocks of all biologi-
cal isoprenoids, the largest group of natural

4S composi-
tion took a while to become
established.

About two years ago, bio-
chemists Jochen Wiesner and
Hassan Jomaa of the Univer-
sity of Giessen, in Germany,
and crystallographer Ulrich
Ermler of the Max Planck
Institute of Biophysics, in
Frankfurt, asked metallo-
protein and drug discovery
specialist Eric Oldfield of
the University of Illinois,
Urbana-Champaign, to pro-
vide computational inputona
structural study of IspH. The
resulting study found that the
cluster contained three Fe at-
oms (J. Am. Chem. Soc. 2008,
130, 17206).

But in the same study,
the researchers proposed a
structural model involving a

lographic evidence to propose that IspH’s
cluster and mechanism were based on a
3-Fe cluster (Angew. Chem. Int. Ed. 2009,

48,5756).
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IspH mechanism, HMBPP initially
forms a hydroxy complex with
IspH’s 4Fe-4S center. A subsequent
series of complexes with rare organometallic bonds
then leads to the synthesis of DMAPP and IPP.
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At about the same time, two groups
working independently—Rohmer’s and
that of Boston University isoprenoid path-
way specialist Pinghua Liu—used Moss-
bauer spectroscopy to show that IspH has
a 4Fe-4S cluster (J. Am. Chem. Soc. 2009,
131,9931and 13184).

THIS YEAR, the Munich-based team re-
vised its crystallographic model of IspH’s
cluster to a four-Fe structure and proposed
a corresponding mechanism (Proc. Natl.
Acad. Sci. USA 2010, 107,1077). Their study
provides key insights into substrate-en-
zyme binding interactions and involvement
of the fourth Fe in the formation of early
and late reaction intermediates, Groll says.

Oldfield and coworkers also confirmed
the 4Fe-4S cluster (Proc. Natl. Acad. Sci.
USA 2010,107, 4522). “I think everyone
now agrees that a 4Fe-4S cluster is in-
volved,” Oldfield says.

However, controversy still swirls
around how the cluster transfers elec-
trons. No fewer than six competing
mechanistic proposals have been floated
to date. In their PNAS paper, Oldfield and
coworkers proposed an organometallic
mechanism for IspH, in which HMBPP
bonds transiently to one of the cluster’s
Fe atoms.

The team has now shown that IspG,
IspH’s predecessor in the nonmevalonate

L. BRIAN STAUFFER

pathway, also uses an organometallic
mechanism (Proc. Natl. Acad. Sci. USA, DOI:
10.1073/pnas.1000264107). They believe
other 4Fe-4S-containing enzymes may have
organometallic mechanisms as well.

The organometallic mechanistic model
has already turned out to be predictive. “It
was known that olefins can form 7 com-
plexes with low-valent Fe and that acety-
lenes form even stronger bonds,” Oldfield
says. Using such clues, his group has now
identified acetylene-based IspH inhibitors
that are about 1,000 times more potent

“It’s beautiful bioinorganic chemistry.”
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than any IspH inhibi- IspH TEAM
tors developed previ- ~ Oldfield (from
ously (J. Am. Chem. Soc IERD) il
Y. AN *77 coworkers Jikun

2010, 132, 6719). Lee, Ke Wang,

The inhibitorshave  Yi-Liang Liu, and
notyetbeentestedin ~ Weixue Wang.
cells, but a patent is I

pending. Oldfield and

coworkers hope they will lead to effective
agents against malaria parasites and other
disease-causing bacteria.

Researchers “have marshaled compel-
ling evidence for the 4Fe-4S cluster and
its critical role in this enzyme. It’s beauti-
ful bioinorganic chemistry,” comments
theoretician J. Andrew McCammon of the
University of California, San Diego.m



