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The enzyme 3-dehydroquinase catalyzes the interconversion of

3-dehydroquinate and 3-dehydroshikimate. The enzymes are classi-

®ed into two groups, type I and type II, which have different

biochemical and biophysical properties and act with different

mechanisms. The type II dehydroquinase of Helicobacter pylori, a

dodecameric enzyme, was overexpressed in Escherichia coli. The

recombinant protein has been crystallized at 296 K using poly-

ethylene glycol (PEG) 4000 as a precipitant. Native X-ray diffraction

data have been collected to 2.5 AÊ resolution using synchrotron

radiation. The crystals are cubic and belong to the space group P4232,

with unit-cell parameters a = b = c = 98.91 AÊ . The asymmetric unit

contains one subunit of recombinant type II dehydroquinase, with a

corresponding VM of 2.18 AÊ 3 Daÿ1 and a solvent content of 43.6%.
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1. Introduction

The enzyme dehydroquinase (3-dehydro-

quinate dehydratase; E.C. 4.2.1.10) catalyzes

the interconversion of 3-dehydroquinate and

3-dehydroshikimate. This reaction is a common

step in two important pathways: the shikimate

pathway for aromatic biosynthesis and the

catabolic pathway for quinate metabolism

(Haslam, 1974; Bentley, 1990; Dewick, 1993).

The seven-step shikimate pathway in plants

and microorganisms leads to the synthesis of

chorismate, a precursor for numerous aromatic

compounds such as aromatic amino acids, folic

acid, ubiquinone and vitamin E (Hawkins et al.,

1993; Bottomley, Hawkins et al., 1996).

Although the shikimate pathway is ubiquitous

in bacteria, fungi and plants, it is absent from

mammals (Kishore & Shah, 1988; O'Callaghan

et al., 1988). Therefore, enzymes of shikimate

pathway including dehydroquinase are poten-

tial targets for antimicrobial agents or herbi-

cides.

Dehydroquinases fall into two groups that

have different biochemical and biophysical

properties and no sequence similarity (Klean-

thous et al., 1992). Type I enzymes are generally

found in biosynthetic pathways, use a Schiff-

base intermediate formed at the conserved

lysine residue and catalyze the elimination of

water with syn stereochemistry (Shneier et al.,

1991; Chaudhuri et al., 1991). They have

subunit molecular masses of �25 kDa and

form dimers in the case of monofuntional

enzymes such as E. coli type I dehydroquinase

(Chaudhuri et al., 1991). Type II enzymes have

been found in both biosynthetic and catabolic

pathways. They have smaller subunit molecular

masses than type I (16±18 kDa), oligomerize

into dodecamers of �200 kDa and are heat-

stable. They catalyze the elimination reaction

with trans stereochemistry without involve-

ment of covalent intermediates and do not

require metals or cofactors for activity (Harris

et al., 1993; Bottomley, Hawkins et al., 1996).

The structure of the type II dehydroquinase

from Mycobacterium tuberculosis has been

reported (Gourley et al., 1999), but more

structural information is needed for inhibitor

design and structural comparisons.

H. pylori, a Gram-negative pathogen, has

been recognized to be connected with the

onset of gastritis, peptic ulcer and gastric

cancer. The gene encoding the type II

dehydroquinase of H. pylori (aroQ) was

sequenced and its product showed a strong

identity to other members of the type II family

of dehydroquinases (Bottomley, Clayton et al.,

1996). Here, we report the crystallization

conditions of type II dehydroquinase from

H. pylori as well as preliminary X-ray

crystallographic data.

2. Experimental

2.1. Protein expression and purification

The aroQ gene was ampli®ed by the poly-

merase chain reaction using the H. pylori

genomic DNA as template. The ampli®ed

DNA was inserted into the NdeI/BamHI-

digested expression vector pET-21a (Nova-

gen). The protein was overexpressed in soluble

form in E. coli strain B834(DE3) (Novagen)

upon induction by 0.5 mM isopropyl-�-d-thio-

galactopyranoside (IPTG) at 303 K. Cells were
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grown in Luria±Bertani medium for 4 h after

IPTG induction and were harvested by

centrifugation at 4200g (6000 rev minÿ1;

Sorvall GSA rotor) for 10 min at 277 K. The

cell pellet was resuspended in ice-cold lysis

buffer (50 mM Tris±HCl pH 7.5, 100 mM

NaCl, 1 mM �-mercaptoethanol, 1 mM

EDTA) and was then disrupted by ultra-

sonication. The crude cell extract was

centrifuged at 36 000g (18 000 rev minÿ1;

Hanil Supra 21K rotor) for 40 min at 277 K.

The supernatant fraction was heated and

maintained between 348 and 353 K for

10 min and then placed in an ice bath for

10 min. The cell extract was centrifuged at

36 000g (18 000 rev minÿ1; Hanil Supra 21K

rotor) for 50 min at 277 K. The supernatant

was subjected to ion-exchange chromato-

graphy on a Q-Sepharose column (Amer-

sham-Pharmacia) which was previously

equilibrated with buffer A (50 mM Tris±HCl

pH 7.5, 1 mM �-mercaptoethanol, 1 mM

EDTA) and the protein was eluted with a

linear gradient of 0±0.5 M NaCl. Final puri-

®cation of the enzyme was performed by gel

®ltration on a HiLoad XK16 Superdex 200

prep-grade column (Amersham-Pharmacia)

which was previously equilibrated with

buffer A containing 200 mM sodium

chloride. This procedure yielded approxi-

mately 100 mg of homogeneous type II

dehydroquinase from a 1.5 l culture. The

protein solution was concentrated using a

YM10 membrane (Amicon) to about

20 mg mlÿ1. The protein concentration was

estimated by measuring the absorbance at

280 nm employing the calculated molar

extinction coef®cient of 5120 Mÿ1 cmÿ1

(SWISS-PROT; http://www.expasy.ch/).

2.2. Crystallization

Crystallization was achieved using the

hanging-drop vapour-diffusion method at

296 K using 24-well tissue-culture plates

(Hampton Research). A hanging drop was

prepared by mixing equal volumes (2 ml

each) of the protein solution and the reser-

voir solution. The protein concentration was

20 mg mlÿ1 before mixing with the reservoir

solution. Each hanging drop was placed over

a 1.0 ml reservoir solution. Initial crystal-

lization conditions were established by

sparse-matrix sampling (Jancarik & Kim,

1991).

2.3. X-ray diffraction experiment

A crystal of type II dehydroquinase was

transferred to a solution consisting of

40%(w/v) PEG 4000, 200 mM NaCl,

100 mM sodium citrate pH 5.8, 1 mM EDTA

and 1 mM �-mercaptoethanol within a

minute before being ¯ash-frozen, increasing

the concentration of PEG 4000 in three

steps. A set of native X-ray diffraction data

was collected at 100 K at the BL-6A

experimental station of the Photon Factory,

Tsukuba, Japan (Sakabe, 1991) with an

ADSC Quantum 4R CCD detector. The

wavelength of synchrotron X-rays was

1.000 AÊ . The crystal was rotated through a

total of 90�, with a 1.0� oscillation range per

frame. The raw data were processed and

scaled using the program MOSFLM (Leslie,

1992).

3. Results

Recombinant type II dehydroquinase from

H. pylori has been overexpressed in E. coli

as a soluble form to the level of 70 mg per

litre of culture. The crystals were obtained

using a reservoir solution containing

100 mM sodium citrate buffer pH 5.8 and

28%(w/v) PEG 4000. They grew to

maximum dimensions of 0.2 � 0.15 �
0.15 mm within one week (Fig. 1).

The native crystals diffracted to 3.3 AÊ

resolution on a MacScience 2030b imaging-

plate detector with double-mirror-focused

Cu K� X-rays from a rotating-anode source.

The native diffraction data were collected to

2.5 AÊ resolution at 100 K using synchrotron

X-rays. A total of 239 220 measured re¯ec-

tions were merged into 6146 unique re¯ec-

tions with an Rmerge (on intensities) of 8.6%.

The merged data set is 100% complete to

2.5 AÊ resolution. The crystals belong to the

cubic space group P4232, with unit-cell

parameters a = b = c = 98.91 (12) AÊ , where

estimated standard deviation (e.s.d.) is given

in parentheses. The presence of a single

subunit of dehydroquinase in the asym-

metric unit gives a crystal volume per

protein mass (VM) of 2.18 AÊ 3 Daÿ1, with a

corresponding solvent content of 43.6%

(Matthews, 1968).
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Figure 1
A crystal of type II dehydroquinase from H. pylori.
Its approximate dimensions are 0.2 � 0.15 �
0.15 mm.


