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Thioredoxin-2 (HP1458) from Helicobacter pylori is a member of the

thioredoxin family, but possesses the unusual active-site motif CPDC

(compared with CGPC in other thioredoxins). H. pylori is de®cient in

the glutaredoxin system, making the thioredoxin system the sole

reduction system in the bacterium and critical for its ability to survive

oxidative stress. The recombinant protein has been overexpressed,

puri®ed and crystallized. This is the ®rst reported crystallization of a

thioredoxin possessing this unusual active site. Single crystals have

been obtained using the sitting-drop technique. Crystals diffract to

2.4 AÊ resolution and belong to space group P41, with unit-cell

parameters a = b = 40.21, c = 64.65 AÊ . Molecular replacement using

AMoRe proved unsuccessful; however, implementation of the

program BEAST gave successful molecular-replacement solutions.
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1. Introduction

Helicobacter pylori is a bacterium that colo-

nizes the human gastric epithelium, is a major

cause of chronic gastritis and is associated with

peptic ulcer disease in addition to being an

independent risk factor for gastric cancer

(Marshall & Warren, 1984; Blaser, 1987;

Forman et al., 1991). As an inhabitant of the

gastric tissue, H. pylori is exposed to an

environment rich in in¯ammatory in®ltrates

and reactive oxygen species (ROS) as a

consequence of the host immune response to

infection (e.g. Ernst, 1999). These host

responses and pathogen-induced alterations to

the gastric environment encourage the persis-

tence of damaging oxidative and carcinogenic

agents (Drake et al., 1996; Obst et al., 2000;

Shirin et al., 2001; Bhattacharjee et al., 2002). In

addition, H. pylori secretes Oÿ2 , thus providing

a direct role for the bacterium in modulating

the gastric redox environment (Nagata et al.,

1998).

H. pylori is signi®cantly different from other

prokaryotes in terms of the de®ciency in its

complement of thiol-dependent redox-active

proteins, being equipped with only one of the

two major, almost ubiquitous, intracellular

disul®de-reducing systems, the thioredoxin

(Trx) system, and lacking the glutaredoxin/

glutathione (Grx) system. Generally, these

systems have a major role in protecting cells

from oxidative damage. As few cell types

are de®cient in the glutathione/glutaredoxin

system (Kanzok et al., 2001), the regulation of

thiol-mediated redox homeostasis is of interest

in cells/organisms where signi®cant de®-

ciencies in redox biochemistry are noted. As a

consequence of this de®ciency, it is likely that

the redox metabolism of H. pylori is signi®-

cantly different from that of other prokaryotes.

In the context of pathogens and parasites, this

®eld of research is now receiving attention as

novel mechanisms of maintaining redox

balance have implications for the development

of effective therapeutics (Gommel et al., 1997;

Kanzok et al., 2000; Alger & Williams, 2002;

Lopez et al., 2002).

H. pylori contains two genes encoding

thioredoxins [(Trx1 (HP824) and Trx2

(HP1458), The Institute for Genomic Research

annotation; http://www.tigr.org]. The H. pylori

thioredoxins show relatively low primary

sequence homology to one another (35%

identity). Trx1 has the highly conserved motif

CGPC found in all thioredoxins studied to date

with few exceptions. The amino-acid residues

¯anked by the vicinal cysteine residues are

known to in¯uence the redox potential of the

molecule (Chivers et al., 1997). Trx2 has the

unusual motif CPDC not found in other Trxs.

Further, Trx2 has an unusually high pI (8.8)

compared with the acidic Trx1 (pI 5.3). The

sequence differences within the redox active-

site motif (Trx1, CGPC; Trx2, CPDC) suggest

that the Trxs are functionally dissimilar; this is

perhaps an essential divergence in roles given

the absence of the Grx system. Generally, Trxs

are retained within the cytoplasm or periplasm

of bacteria; however, recent proteomic

analyses of the H. pylori secretome have

demonstrated constitutive secretion of Trx

(Bumann et al., 2002; Kim et al., 2002). The

only other published report of a secreted

thioredoxin occurs in humans, where it has

been linked to an increase in breast cancer

(Powis & Montfort, 2001). This raises some

intriguing possibilities in relation to the effects
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they may have on host gastric cells. For

example, H. pylori Trx is an ef®cient reduc-

tant of human immunoglobulin and mucin in

vitro (Windle et al., 2000) and thus it is

conceivable that these molecules may have a

role in the colonization process (Windle et

al., 2000; Bumann et al., 2002).

We report here the overexpression, puri-

®cation, crystallization and initial data

collection for Trx2 from H. pylori. This

paper is the ®rst reported crystallization of a

thioredoxin with the unusual active-site

motif CPDC. The structural studies will

provide insight into the redox role that Trx2

performs in H. pylori.

2. Protein overexpression and
purification

2.1. Cloning and overexpression

The pPROK1 vector (Clontech)

containing the H. pylori trx2 gene was

provided by Dr Leslie Poole (Wake Forest

University). The trx2 gene encodes a protein

with 104 amino acids and a predicted

molecular weight of 11.7 kDa (Baker et al.,

2001). The plasmid was used to transform

Escherichia coli BL21(DE3)pLysS using the

heat-shock method of transformation and

growth took place on LB plates with ampi-

cillin (50 mg mlÿ1) and chloramphenicol

(50 mg mlÿ1).

Single colonies were selected and grown

overnight in broth for a starter culture. This

was used to inoculate 800 ml of LB medium

containing ampicillin (50 mg mlÿ1) and

chloramphenicol (50 mg mlÿ1). The cells

were grown at 310 K until the OD600 reached

0.6. Overexpression was induced by the

addition of 0.4 mM isopropyl-�-d-thio-

galactopyranoside (IPTG) and the culture

was incubated at 310 K for a further 3 h. The

cells were harvested by centrifugation

(5 min, 5000g, 277 K) and the pellets were

stored at 253 K until use.

2.2. Purification

Trx2 was puri®ed essentially as described

by Baker et al. (2001), with minor modi®-

cations. The thawed and lysed pellets of cells

were resuspended in buffer (5 mM potas-

sium phosphate pH 7.0) and sonicated

(5 � 30 s pulses with cooling on ice in a

Branson Soni®er Model 450). Sonicated

material was centrifuged (13 000g, 277 K)

for 25 min and the supernatant was ®ltered

(0.45 mm, Pall Acrodisc low-protein-binding

®lter) and dialysed overnight against 5 mM

potassium phosphate buffer pH 7.0 at 277 K.

The dialysate was applied to an anion-

exchange column (24 � 2.5 cm; Whatman

DE52) pre-equilibrated with 5 mM potas-

sium phosphate pH 7.0 buffer (¯ow rate

0.6 ml minÿ1) and the non-binding fraction

was collected and subsequently applied to a

carboxymethylcellulose column (24 �
2.5 cm; Whatman CM52) pre-equilibrated

with 5 mM potassium phosphate buffer pH

7.0 and eluted with a linear gradient of

potassium phosphate (5±40 mM). Fractions

containing pure Trx2 (identi®ed by SDS±

PAGE with silver staining) were pooled and

dialyzed against 30 mM potassium phos-

phate pH 7.0. The protein was then

concentrated to 12 mg mlÿ1 and stored at

253 K with 2 mM DTT. Typical yields were

13±15 mg of protein from 1 l of culture.

3. Crystallization, data collection and
structure solution

3.1. Crystallization

Crystal screening was carried out using

the sitting-drop method of vapor diffusion.

Initial trials were carried out using Crystal

Screens 1 and 2 (Hampton Research) using

4 ml drops consisting of 2 ml protein

(12 mg mlÿ1 in 30 mM potassium phosphate

pH 7.0) and 2 ml well buffer in Crystal Clear

strips (Douglas Instruments) at 293 K.

Addition of 10 mM DTTwas shown to give a

signi®cant improvement in crystal size and

morphology. The ®nal crystal conditions

comprised sitting drops consisting of 5 ml of

3 mg mlÿ1 protein (30 mM potassium phos-

phate pH 7.0, 10 mM DTT) plus 5 ml of well

solution [30% PEG 6000, 0.1 M (NH4)2SO4,

10 mM DTT], yielding rod-shaped crystals

of dimensions 0.1 � 0.1 � 1±2 mm (Fig. 1).

Crystals took 5±7 d to grow.

3.2. X-ray data collection

Crystals of Trx2 were frozen by moving

the crystal to a solution containing 35%

PEG 6000, 0.1 M (NH4)2SO4, 10 mM DTT

and 5% glycerol. The crystal was then

moved into solutions with increasing

amounts of glycerol (10 and 15%) and ®nally

frozen by submerging in liquid nitrogen.

Initial data were collected using the Mail-

in data service of the NSLS. Nine crystals

were sent and two data sets were ®nally

collected, the best to 2.4 AÊ , with 360� of data

collected. The data were collected on

beamline X12C. The data were initially

processed on-site and were later reprocessed

using MOSFLM (Leslie, 1992).

The space group was initially indexed in a

tetragonal space group (unit-cell parameters

a = 39.74, b = 39.74, c = 64.95 AÊ , � = � =


 = 90�) and the data were integrated and

merged in Laue group P4 using MOSFLM

(Leslie, 1992) and SCALA (Collaborative

Computational Project, Number 4, 1994);

however, further examination of the

systematic absences showed that the space

group was either P41 or P43. Calculation of

the Matthews volume (Matthews, 1968) gave

a VM of 2.1 AÊ 3 Daÿ1 and a solvent content of

43%, assuming one molecule per asym-

metric unit and a molecular weight of

11.7 kDa. Table 1 summarizes the data set.

Figure 1
Typical crystals of Trx2 from H. pylori.

Table 1
Data-collection statistics.

Values in parentheses refer to the highest resolution shell
(2.53±2.40 AÊ ).

Wavelength (AÊ ) 1.00
Resolution (AÊ ) 40.16±2.40
Space group P41

Unit-cell parameters (AÊ , �) a = b = 40.21,
c = 64.65,
� = � = 
 = 90

Total measurements 55405
Unique re¯ections 4079
VM² (AÊ 3 Daÿ1) 2.1
Solvent (%) 43
I/�(I) 6.6 (2.3)
Average redundancy 13.6 (13.8)
Data completeness (%) 100 (100)
Rmerge³ (%) 7.3 (47.1)

² Assuming a monomer in the asymmetric unit. ³ Rmerge =P
I�h�i ÿ I�h�=PP

I�h�i , where I(h) is the measured

diffraction intensity and the summation includes all observa-

tions.

Figure 2
Wilson plot of the data for Trx2 to 2.4 AÊ . The B factor
is calculated as 60 AÊ 2 and the scale factor is 1.68. Data
taken from TRUNCATE (Collaborative Computa-
tional Project, Number 4, 1994).
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At the highest resolution, the Rmerge

becomes quite high (47%) owing to a slight

splitting of the spots at high resolution. We

believe this is because of the tendency of the

long thin crystals to bend with the contour of

the frozen drops. Fig. 2 shows the Wilson

plot for this data. The B factor is calculated

as 60 AÊ 2 and the scale factor is 1.68. These

values are reasonable given the limited

resolution of the data. The trace in Fig. 2

remains linear for the higher resolution data,

indicating that the data remain consistent,

even with the higher Rmerge.

3.3. Structure solution

All structure-solution trials were run

using the CCP4 package (Collaborative

Computational Project, Number 4, 1994).

Molecular replacement was initially

performed using AMoRe (Navaza, 2001).

The sequence homology between Trx2 from

H. pylori and known thioredoxin structures

is quite low, the highest being 27% identity

to the E. coli (Katti et al., 1990), human

(Weichsel et al., 1996) and Spinacea oleracea

(Trx-M, oxidized; Capitani et al., 2000)

structures. These structures all contain the

conserved active-site CGPC, unlike Trx2.

These structures were used for molecular-

replacement searches. As it is not possible to

distinguish between space groups P41 and

P43 based on systematic absences, all of

the molecular-replacement searches were

performed in both P41 and P43 space groups.

Models for AMoRe were derived from the

structure of the known thioredoxins, either

using the entire known structure, a structure

using a polyalanine backbone or a model

created by predicting the Trx2 structure

using MODELLER (SÆ ali & Blundell, 1993)

and the known structures. An entire rotation

search was performed for each model and

the top 20 solutions were used for trans-

lation and ®tting. None of these searches

resulted in identi®able solutions.

Further molecular-replacement trials

were run using BEAST (Read, 2001). The

entire known thioredoxin structures from

E. coli, human and Trx-M were used. These

searches were performed using the struc-

tures either singly or as a combined group.

An entire rotation search was performed for

each trial. The top 20 solutions were then

used in a translation search of the entire

Cheshire cell (x = 0±1.0, y = 0±0.5, z = 0) with

the rotation ®xed. The Trx-M model struc-

ture gave the best results, determined as the

difference in the log likelihood gain (LLG)

of the best solutions compared with the

background LLG values (solution LLG =

42.7, background = 19.7; signal-to-noise =

8.5). The solution for P41 showed a signi®-

cant improvement compared with that for

P43 (LLGs of 15.0 and 12.4; signal-to-noise =

4.3). We expect that this molecular-replace-

ment solution will be suf®cient to allow us to

determine the structure of Trx2. We will then

progress to structures of Trx2 in complex

with substrate proteins in order to thor-

oughly understand the role that Trx2 plays in

both maintaining the redox environment of

H. pylori and in the infective process.
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