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Abstract

Xylella fastidiosa is an important pathogen bacterium transmitted by xylem-feedings leafhoppers that colonizes the xylem of plants
and causes diseases on several important crops including citrus variegated chlorosis (CVC) in orange and lime trees. Glutathione-S-trans-
ferases (GST) form a group of multifunctional isoenzymes that catalyzes both glutathione (GSH)-dependent conjugation and reduction
reactions involved in the cellular detoxification of xenobiotic and endobiotic compounds. GSTs are the major detoxification enzymes
found in the intracellular space and mainly in the cytosol from prokaryotes to mammals, and may be involved in the regulation of
stress-activated signals by suppressing apoptosis signal-regulating kinase 1. In this study, we describe the cloning of the glutathione-
S-transferase from X. fastidiosa into pET-28a(+) vector, its expression in Escherichia coli, purification and initial structural character-
ization. The purification of recombinant xfGST (rxfGST) to near homogeneity was achieved using affinity chromatography and size-
exclusion chromatography (SEC). SEC demonstrated that rxfGST is a homodimer in solution. The secondary and tertiary structures
of recombinant protein were analyzed by circular dichroism and fluorescence spectroscopy, respectively. The enzyme was assayed for
activity and the results taken together indicated that rxfGST is a stable molecule, correctly folded, and highly active. Several members
of the GST family have been extensively studied. However, xfGST is part of a less-studied subfamily which yet has not been structurally
and biochemically characterized. In addition, these studies should provide a useful basis for future studies and biotechnological
approaches of rxfGST.
� 2008 Elsevier Inc. All rights reserved.
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Xylella fastidiosa (X. fastidiosa) [1] belongs to the gram-
negative group, restricted to the xylem vessels of its host
plants and has proven to be the causal agent of many plant
disease including alfalfa, almond, blackberry, citrus, coffee,
grape, peach, pear, plum and some ornamental plants [2].
Recently, a consortium of researchers in Brazil published
the sequence of the X. fastidiosa isolated 9a5c genome with

2905 genes, from which half were similar to proteins with
unknown proteins functions [3]. The understanding of
complete genome sequences together with functional stud-
ies such as transcriptomics and proteomics were a great
advancement towards the comprehension of the metabolic
and replicative pathways. Several papers have explored the
information generated by the genomic sequencing, high-
lighting a series of hypothesis related to the functioning
of the energetic metabolism, nutrient transport, adherence,
aggregation, toxicity, pathogenicity factors, secretion,
intercellular interactions, iron homeostasis, and antioxi-
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dant responses [3–9]. Additionally, the technology of
microarrays provides a way to monitor the expression of
several genes simultaneously. A nearly complete collection
of X. fastidiosa open reading frames (ORFs)2 was produced
to analyze the expression ratio of the bacterium when pres-
ent in disease plants. In the host, the bacteria presented
some upregulated genes related to energy, protein, amino
acids, and RNA metabolism, transport, detoxication or
antioxidants, and hypothetical proteins, among many
others.

From genes belonging to the group of antioxidants
found and expressed in plants by X. fastidiosa, the
XF1210 ORF that codes for the glutathione-S-transferase
enzyme (GST: EC 2.5.1.18) with 205 amino acids
(22.7 kDa) was chosen for this study due to its specific role
in biodegradative metabolism. Glutathione-S-transferases
form a group of multifunctional isoenzymes that catalyzes
both glutathione (GSH)-dependent conjugation and reduc-
tion reactions involved in the cellular detoxification of
xenobiotic and endobiotic compounds such as hormones,
heme, bilirubin, drugs, and pesticides which often impairs
the catalytic activity of enzymes [10–12]. GSTs are the
major detoxification enzymes found in the intracellular
space and mainly in the cytosol from prokaryotes to mam-
mals. Other studies have demonstrated that certain GSTs
may be involved in the regulation of stress-activated signals
by suppressing apoptosis signal-regulating kinase 1 [13].

GSTs are normally dimeric enzymes (molecular mass
approximately 50 kDa) that show eight independent classes
to mammalian GSTs: Alpha, Kappa, Mu, Omega, Pi,
Sigma, Theta, and Zeta on the basis of N-terminal amino
acid sequence similarity, substrate specificity and immuno-
logical cross reactivity [14–20]. To date, novel classes of
non-mammalian GSTs such as Beta, Delta, Epsilon, U,
Lambda, Phi, and Tau have been isolated and character-
ized from bacteria, insects, and plants [21].

Over the last years GST research has focused on resis-
tance phenomenon in insect strains [11] and multidrug-
resistant tumor cells [10]. GSTs have emerged as promising
therapeutic targets due to their isoenzyme-specific overex-
pression in different tumors and may play a role in the eti-
ology of other diseases [22].

GSTs have been studied in bacteria such as Escherichia

coli, Proteus mirabilis, Pseudomonas, and Streptomyces

griseus [23–26]. However, the majority of prokaryotic
GSTs enzymes have been shown to possess peroxidase
activity, to act as epoxide thiolase and to catalyse reactions
in the metabolism of exogenous compounds (gentisate,
dichloromethane, lignin, and tetrachlorohydroquinone)
[27]. The X. fastidiosa GST sequence revealed highest
sequence similarity with Haemophilus influenzae GST (gene

bphH) [3] but very little is know about the relationship of
bacterial GST with their host.

In this study, we describe the cloning procedure and
present an expression and purification system capable of
providing a large-scale quantity of recombinant functional
GST from X. fastidiosa (rxfGST). The cDNA encoding the
xfGST was amplified and cloned into the expression vector
pET-28a(+). The recombinant protein was expressed at
high levels in BL21(DE3) and subsequently purified using
affinity chromatography. To confirm its native conforma-
tion the activity assay was performed together with circular
dichroism and fluorescence spectroscopy.

Materials and methods

Materials

The reagents for PCR and oligonucleotide primers were
obtained from Invitrogen Life Technologies (Carlsbad,
CA, USA). The bacterial expression pET-28a(+) was pur-
chased from Novagen (Madison, WI, USA). Restriction
endonucleases, isopropyl thio-b-D-galactopyranoside
(IPTG), and T4 DNA ligase were obtained from Invitro-
gen. Proteins standard used as SDS–PAGE markers were
from Sigma Chemical (St. Louis, MO, USA). For the
enzyme assay, the activity of the GST was detected using
GST detection module kit from GE Healthcare (Piscata-
way, NJ, USA). All chemicals used were of analytical
grade.

Cloning and expression vector construction

Recombinant DNA techniques were performed using
conventional protocols. The gst gene of X. fastidiosa (ORF
1210) was amplified using: forward 50-CGCATATGAA
GTTGTACATCATGCCAGGCGCTTGCTC-30 and reverse
primer 50-GGAATTCTTATCAGATCAGCCCTTCCGC
CTGTAATGC-30. The amplified DNA encoding the GST
produced a fragment of around 620 pb. Transformants
E. coli DH5a were confirmed by restriction analysis and
the plasmid pGEM-T Easy (Promega, Madison, WI, USA)
was sequenced by dideoxy chain termination method [28]
using an ABI Prism 377 automated DNA sequencer
(Applied Biosystems, Foster City, CA, USA). Sequenced
data were analyzed using BLAST—Basic local alignment
search tools program [29] through the network service of
the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov).

The DNA encoding the GST was then subcloned into
vector pET-28a(+) in NdeI and EcoRI sites which was
used to transform E. coli DH5a. The new vector construct
was named pET–GST. Sequencing of the cloned vectors
revealed the open reading frame (ORF 1210) of the xfGST
plus the expected 17 additional amino acid residues derived
from pET-28a(+) vector at its amino terminus (MGSSH
HHHHHSSGLVPRGSH), including the cluster of six his-
tidine residues for protein purification by metal affinity

2 Abbreviations used: ORFs, open reading frames; GST, glutathione-S-
transferase enzyme; IPTG, isopropyl thio-b-D-galactopyranoside; SEC,
size-exclusion chromatography; CD, circular dichroism; CDNB, 1-chloro-
2,4-dinitrobenzene; rxfGST, recombinant xfGST.
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