Crystal structure of the catalytic portion of human HMG-CoA reductase
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Introduction

3-hydroxy-3-methylglutaryl-CoA reductase (HMGR)

The structure of crystal form A was determined by multi-
wavelength anomalous dispersion (MAD) from 58

catalyzes the formation of mevalonate, the committed step selenomethionine-substituted positions. The structures of
in the biosynthesis of sterols and isoprenoids. This reductiverystal forms B and C were determined by molecular

cleavage of HMG-CoA to mevalonate utilizes two

replacement using the structure of the A form as the search

molecules of NADPH. The activity of HMGR is controlled model.

through synthesis, degradation, and phosphorylation to

maintain the concentration of mevalonate-derived products. Results

In addition to the physiological regulation of HMGR, the

human enzyme has been targeted successfully by drugs in Catalytic portions of human HMGR form tetramers with

the clinical treatment of high serum cholesterol levels.
Methods and Materials

Three crystal structures were determined with different

approximate D2-symmetry and overall dimensions of
roughly 110 A x 80 A x 70 A. The individual monomers
wind around each other in an intricate fashion (Figure 1). In
the tetramer the monomers are arranged in two dimers, each
of which has two active sites. The active sites are formed by

substrates bound to the protein: form A contains HMG and residues from both monomers. CoA makes numerous

CoA (refined to 2.1 A resolution); form B contains HMG-
CoA (refined to 2.8 A resolution); and form C contains
HMG, CoA, and NADP (refined to 2.0 A resolution). (See
Tables I and Il.)

Table I: MAD Data Collection and Phasing Statistics
Space Group P21 Resolution Range (A):  51.0 — 2.6

contacts with the large domain, while NADB
predominately bound to the small domain of the monomer.
The HMG binding pocket is located between the large and
the small domains. The most important structural element
in the binding of HMG is a loop that contains a cis-peptide
bond between residues C688 and T689.

Unit Cell Dimensions:; a=75.25, b=128.26, ¢c=94.91 A, and

b=105.01°

Lambda 1 Lambda 2 Lambda 3

Wavelength (A) Mm79471 0.979595 0.964237
e -7.65/4.74 -9.30/2.98 -5.20/3.70
# unique

reflections 105550 105651 105088
average

multiplicity 2.1 2.1 2.2
completeness 99.4 (99.5) 99.4 (99.5) 99.4 (99.5)
<I>/ol 18.0 (2.9) 17.8 (2.6) 20.3 (2.7)
Rmerge 5.6 (22.2) 6.1 (33.4) 4.3 (29.8)
Phasing Power 2.95 2.19 2.18

Table II: Native Data Collection and Refinement Statistics

Form A Form B Form C
Space Group P21 P21 P21
Unit Cell a=75.30, a=74.58, a=73.92,
Dimensions b=130.18 b=171.20, b=172.63,
¢c=92.55 c=80.37 A c=73.99 A
3=106.48° 3=116.49° 3=117.50°
Resolution
Range (A) 38.0-2.1 25.0-2.8 44.0-2.0
Wavelength (A) 1.012 5418 1.083
# unique
reflections 101445 37393 109778
average
multiplicity 3.1 2.5 3.9
% completeness 99.1 (97.5) 85.6 (41.0) 100.0
<I>/ol 16.0 (2.5) 13.3 (1.9) 27.4(7.2)
Rmerge 5.9 (38.5) 7.3 (39.8) 5.0 (19.3)
R/Rfree 0.21/0.24 0.21/0.25 0.18/0.20
ligands HMG, CoA HMG-CoA HMG
Deviation from 0.0103/1.48 0.0110/1.53 0.0120/1.55

ideality rmsd bonds (A)/ angles (°)

Figure 1: Structure of the human HMGR tetramer. The four
monomers @, 1B, 2a, and B are indicated by different
colors.

Discussion
The formation of the HMGR tetramer buries a total solvent-

accessible area of 24,2606 ér 46% of the tetramer surface.
Ultracentrifugation experiments indicate that the catalytic

CoA, NADFportion of the protein is tetrameric in solution as well as in

the crystal. The membrane domain of human HMGR is
responsible for the enhanced degradation of HMGR in
response to increased concentrations of oxysterols. Recent
experminents show that the rate of protein degradation is



influenced not only by the concentration of sterols but also
by the oligomeric state of the enzyme. The crystallographic
data suggest that the soluble domains may initiate the
tetramerization of the membrane domains, and that
dissociation of the membrane domains increases the
accessibility of HMGR for the protease cleavage, resulting
in the inactivation of the enzyme.

Analysis of the three structures of human HMGR provides
new insights into the mechanism by which the reductive
cleavage is catalyzed. The reaction intermediate mevaldyl-
CoA has a negatively charged oxygen and must be stabilized
in the enzyme. This is accomplished by K691, whose side
chain is ideally positioned in the middle of the active site.
The ordering of C-terminal residues, including H866, upon
NADP" binding results in the completion and closure of the
active site and H866 moves within H-bonding distance from
the thiol. The OE1 atom of E559 is 2.6-2.7 A away from
the HMG carbonyl oxygen and 3.5-3.7 A from D767 (atom
0OD2). The proximity of E559 to D767 could potentially

raise the pKa of the glutamic acid side chain such that it
may be protonated. Consequently, we propose that E559 is
the proton donor for mevaldehyde. D767 is critical in the
catalysis because its side chain is positioned near D559, and
it also forms ionic interactions with K691, stabilizing the
lysine side chain in the active site.

The activity of human HMGR is modulated by
phosphorylation at S872. This residue is in the vicinity of
the a-phosphate of NADRnd the side chain of R871,
suggesting that phosphorylation is likely to result in a
decrease in affinity for NADPH.
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