CRYSTALLOGRAPHY OF BIOLOGICAL MACROMOLECULES

PS04.01.76 STRUCTURE OF THE NATIVE CYSTEINE-
SULFENIC ACID REDOX CENTER OF STREPTOCOC-
CALNADH PEROXIDASE. Joanne 1. Yehs$, Al Claiborne#, and
Wim G.J. Hol§, § Biomolecular Structure Center, Department of
Biological Structure and Howard Hughes Medical Institute Box
357742, University of Washington, Seattle, Washington 98195-
7742. 1 Department of Biochemistry, Wake Forest University
Medical Center, Winston-Salem. North Carolina 27157.

The flavoprotein NADH peroxidase (NPX) from Streprococ-
cus faecalis represents one of two known flavin-dependent
hydroperoxidases. Its flavin-linked function is chemically similar
to flavoprotein disulfide reductases such as glutathione reductase.
However, in NPX, an unusual, stabilized cysteine-siilfenic acid
(Cys-SOH) is the redox center, in contrast to the redox active dis-

ulfide group of glutathione reductase. Indirect evidence for the _

existence of the Cys-SOH moeity resulted from metabolic label-
ing studies and FAB-mass spectrometric analysis of an active-site
cysteinyl peptide (Poole and Claiborne, 1989). However, the ini-
tial x-ray crystal structure of the wild-type peroxidase refined at
2.16 A resolution revealed that the Cys42 had been oxidized to the
inactive sulfonic-acid form (Cys-SO3H) (Stehle er. al, 1991).

In order establish the existence of the Cys-SOH form of the
NPX, the x-ray crystal structure of the peroxidase with its native
Cys42-sulfenic acid redox center was determined. To obtain the
native, unoxidized enzyme, a strategy combining reduced expo-
sure to ambient oxygen and data collection at -160°C was used.
The structure containing the native, redox active site conclusively
establish the existence of the Cys-42 sulfenic acid moiety as the
functional nonflavin redox center of the peroxidase and provide
the first structure for any naturally-occurring protein-sulfenic acid.
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NADPH-cytochrome P-450 reductase (CPR) catalyzes the
transfer of electrons from NADPH to all known microsomal cyto-
chromes P450. CPR consists of a large 70 kDa cytoplasmic do-
main that contains both FMN and FAD as well as a NADPH bind-
ing domain, and a small, ~50 residue hydrophobic N-terminal do-
main responsible for anchoring the protein to the endoplasmic retic-
ulum or nuclear envelope of most eukaryotic cells. Electron trans-
fer proceeds from NADPH to FAD to FMN and finally to the heme
of cytochrome P-450.

We have crystallized the cloned cytoplasmic domain of rat
CPR and have collected a native data set to 2.6 on a Rigaka R-
AXIS image plate detector with Rgyy, = 7.1%. The crystals belong
to the orthorhombic space group P2,2¢2; , with unit cell parame-
ters a= 103.28, b= 116.18 and c= 119.77 A. The V, is 2.6A3/dalton,
with two molecules per asymmetric unit. The two molecules are
related by a local two fold axis which is almost parallel to c.

The structure has been solved to 3.0 by MIR, with four heavy
atom derivatives and a figure of merit was 0.595. The phases were
extended and improved by using solvent flattening and local-two-
fold averaging to 3 A. The model was built by using the TURBO
package and refined by XPLOR. The current R factor is 27.8%.
Further refinement is in progress.
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The copper-containing amine oxidase from the yeast Hansenula
polymorpha has been solved by molecular replacement. Itis a ubig-
uitous dimeric enzyme that catalyze the oxidative deamination of
primary amines by molecular oxygen to the corresponding aldehydes,
ammonium and hydrogen peroxide. Copper amine oxidases are a
novel group of quinoenzymes that contain a covalently bound redox
cofactor, 2.4,6-trihydroxyphenyl-alanine quinone (topa quinone, or

. TPQ) generated by posi-translational modification of a single ty-

rosine side-chain. The enzymes allow the microorganism to use the
appropriate dinines as a carbon and nitrogen source for growth. In
animals the enzymes modulate the levels of amines, thereby being
implicated in cell growth. development and detoxication. Purified
enzyme, expressed in Saccharomyces cerevisiae (Danying Cai and
Judith P. Klinman, Biochemistry, 1994, 33, 7647-7653) was crystal-
lized using vapor diffusion. The crystals are orthorhombic, with
space group symmetry P212,2; and unit cell dimensions of a=137.9
A b=1458 A, c=234.1 A. Using a cryogenic cooling system the
native protein crystals diffract x-rays to 2.3 A resolution; however,
due to the long unit cell axis the data were only collect to 2.9 A with
97% completeness. There are two dimers in the asymmetric unit.
The self-rotation function indicated that each dimer has two-fold
symmetry and the two dimers are related by a two-fold axis. The
molecular replacement solution is in good agreement with the self-
rotation function results. The enzyme is about 28% homologous to
copper amine oxidase of E. coli ; molecular replacement using the
structure of this protein as a search probe (M. R. Parsons, M. A.
Convery, C. M. Wilmont, K. D. S. Yadav, V. Blakeley, A. S. Corner,
S.E. V. Philips, M. J. McPherson and P. F. Knowles, Structure 1995,
3, 1171-1179) has yielded a starting model which contains 90% of
the residues. Refinement of this model is proceeding in combina-
tion with SIR determined phases.
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Dehydroquinases (DHQases) are enzymes that catalyse the re-
versible dehydration of 3-dehydroquinate to 3-dehydroshikimate. The
DHQase reaction is a common step in two important pathways: the
shikimate pathway for aromatic biosynthesis and the catabolic path-
way for quinate metabolism. Some of the aromatic compounds made
by the shikimate pathway are essential to these organisms and thus
contains viable targets for the design of anti-microbial drugs and
herbicides. Two classes of DHQase exist with different biochemicat
and biophysical properties. The Type I DHQase is found in the
shikimate pathways of plants, fungi and most bacteria but has never
been found in the catabolic pathway. Type II DHQase has been
found in the catabolic pathway and in the shikimate pathway of four
organisms including Mycobacterium tuberculosis.

Crystals of type Il DHQase from Mycobacterium tuberculosis be-
long to spacegroup F23 with a=b=¢=127.8 and diffract to 1.9 A resolu-
tion. The structure has been determined to 2.9 A with MIR phases calcu-
lated from two derivatives followed by density modification. The fold
has been identified as ©/B type and is similar to the fold found in P-loop
containing nucleotide triphosphate hydrolases such as p211as (Pai et al.,
Nature 341, 209-214).



