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Crystallization and preliminary X-ray analysis of a bacterial glutathione transferase 
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Abstract  

Crystals of a bacterial glutathione S-transferase from 
Proteus mirabilis have been grown from polyethylene glycol 
by the hanging-drop vapour-diffusion method. Successful 
crystallization required the presence of the substrate 
glutathione. The crystals belong to the tetragonal space group 
P4 with cell dimensions a = b = 90.9 and c = 117.3 A,. They 
contain between three and six monomers in the asymmetric 
unit and diffract to beyond 2.3/~ resolution. 

1. Introduct ion 

Glutathione S-transferases (GST's, E.C. 2.5.1.18) are a 
ubiquitous family of multifunctional enzymes that conjugate 
electrophilic substrates to the tripeptide glutathione (GSH) 
(reviewed by Mannervik & Danielson, 1988). Their substrates 
include a wide number of exogenous and endogenous 
hydrophobic electrophiles. The conjugation increases the 
solubility of the target molecule thus facilitating the excretion 
of the molecule from the organism. Cytosolic GST's exist 
either as homo- or heterodimers with a subunit molecular 
weight of about 25 kDa. They can be classified into five distinct 
families: alpha, mu, pi, sigma and theta based on studies 
of substrate specificity and primary structures (Mannervik et 
al., 1992; Buetler & Eaton, 1992). The amino-acid sequence 
identities between any two members within a class is typically 
greater than 70% whereas the figure is typically less than 
30% between classes. GST's have been implicated in the 
development of the resistance of cells and organisms towards 
drugs, insecticides, herbicides and antibiotics and hence have 
been the subject of intense research over the last few years 
(for example, see Mannervik & Danielson, 1988; Wilce & 
Parker, 1994). 

There are now representative crystal structures for all 
five cytosolic GST classes. These include alpha-class GST's 
(Sinning et al., 1993), mu-class GST's (Ji, Zhang, Armstrong 
& Gilliland, 1992; Raghunathan et al., 1994; Lim et al., 
1994: McTigue, Williams & Tainer, 1995), pi-class GST's 
(Reinemer et al., 1991; Reinemer et al., 1992; Garcfa-S~iez, 
Pfirraga, Phillips, Mantle & Coil, 1994), sigma-class GST (Ji 
et al., 1995) and theta-class GST (Wilce, Board, Feil & Parker, 
1995). The overall polypeptide fold is very similar between 
the crystal structures but each class exhibits unique features, 
particularly about the active site and at the C terminus (Wilce 
& Parker, 1994). 
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The presence of GST's in bacteria has only recently 
been discovered and hence little is known about their 
properties. They have been detected in Escherichia, Proteus, 
Pseudomonas, Klebsiella, Enterobacter and Serratia species 
(Di Ilio et al., 1988; Iizuka, Inoue. Murata & Kimura, 1989; 
Arca, Garcfa, Hardisson & Surez, 1990). The best characterized 
bacterial GST is one from Proteus mirabilis which is a 
homodimer of 23 kDa subunit molecular weight (Di Ilio et al., 
1988). It displays distinct kinetic and immunological properties 
and exhibits activity towards a range of compounds that are 
not substrates for the mammalian enzymes. It shares high 
sequence identities with a number of other bacterial GST's but 
possesses less than 20% sequence identity with the mammalian 
GST's (Mignogna et al., 1993; Wilce & Parker, 1994). It has 
been classified as a theta-class GST based on limited sequence 
homology with its mammalian counterpart (Hiratsuka et al., 
1990; Meyer et al., 1991; Pemble & Taylor, 1992). The theta- 
class GST's have been proposed as the evolutionary forerunner 
of the alpha, mu and pi enzymes based on the apparent 
distribution of the former in a diverse range of organisms 
including bacteria, yeast, plants and insects (Pemble & Taylor, 
1992: Buetler & Eaton, 1992). The presence of GST's in 
bacteria is thought to reflect the evolution of a number of 
glutathione-dependent enzymes which evolved in response to 
the toxic by-products of oxygen metabolism (Pemble & Taylor, 
1992). In addition to detoxification reactions, bacterial GST's 
appear to have been recruited for other roles including the 
degradation of lignin (Masai et al., 1993) and dichloromethane 
utilization (La Roche & Leisinger, 1990). 

Mutagenesis studies have shown that a conserved tyrosine 
near the N-terminus is responsible for activation of glutathione 
by promoting thiolate formation (Wilce & Parker, 1994, and 
references therein). This residue is in close proximity to the S 
atom of glutathione in all the crystal structures of mammalian 
GST's (Reinemer et al., 1991; Reinemer et al., 1992; Ji et 
al., 1992; Sinning et al., 1993; Raghunathan et al., 1994; 
Garc/a-S~ez et al., 1994). Surprisingly, the equivalent residue 
in the theta-class insect enzyme was found not to be in the 
active site but its role appears to have been replaced by 
a serine residue (Wilce, Board, Feil & Parker, 1995). Such 
a role for the serine residue has now been confirmed by 
mutagenesis (Board, Coggan, Wilce & Parker, 1996). Recently, 
the conserved tyrosine near the N-terminus in the E. coli GST 
was shown by mutagenesis not to be essential for catalysis 
(Nishida, Kong, Inoue & Takahashi, 1994). 

We are pursuing structural studies of the bacterial enzyme 
for a number of reasons. Although the sequence identities 
between the GST's from bacteria and from other organisms 
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are very low, it is expected that the three-dimensional 
structures will be similar based on the structural results 
of mammalian GST isoenzymes of equally low sequence 
identity. The availability of crystal structures from such diverse 
organisms will aid in pinpointing those residues responsible 
for determining the GST polypeptide fold and help explain the 
enzyme's remarkable tolerance towards substrates of diverse 
structure. We wish to clarify the role of the conserved tyrosine 
and serine residues near the N-terminus of the bacterial 
enzyme. It has been shown that bacterial GST's can bind 
to a range of antibiotics (Piccolomini et al., 1989) and can 
reduce the antimicrobial activity of ,3-1actam drugs (C. Di 
Ilio, unpublished results). Hence, bacterial GST's may be a 
novel target for the design of inhibitors that could increase the 
effectiveness of antibiotic treatment. 

2. Experimental 

The purification of this enzyme has been described in 
detail elsewhere (Di Ilio et al., 1988). Briefly, washed 
cells of P. mirabilis are grown aerobically for 18 h at 
310K in Trypticase Soy Broth followed with disruption by 
sonication. After centrifugation, the supernatant is applied to 
a glutathione-Sepharose affinity column. Fractions showing 
GST activity are pooled, followed by preparative isoelectric 
focusing and a final dialysis step against phosphate buffer. 
The purified enzyme is active towards a number of known 
eukaryotic GST substrates and is homogeneous as judged by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (Di 
Ilio et al., 1988). 

Crystallization was performed by the hanging-drop vapor- 
diffusion method (McPherson, 1982) using 24-well tissue- 
culture plates. A 2 gl droplet containing 5 mg m1-1 protein in 
double-distilled water was mixed with an equal volume of 
reservoir solution (as described below). Each well contained 
1 ml of reservoir solution. Initial crystallization trials were 
performed using a screen similar to the one described by 
Jancarik & Kim (1991). The trials were carried out at a 
constant temperature of 295 K. 

The X-ray diffraction data were collected on the X-11 
beamline at the European Molecular Biology Laboratory Out- 
station, Deutsche Electronen Synchrotron (DESY), Hamburg, 

Fig. 1. Photograph of crystals of glutathione transferase from P. 
mirabilis. The largest crystal is 0.6 mm in its longest dimension. 
See the text for detailed crystallization conditions. 

Germany. The wavelength was set to 0.93 A and the data were 
measured at room temperature. The data were collected with 
a MAR Research imaging-plate scanner using the rotation 
method with 0.5 ° oscillations. Determination of unit-cell 
parameters, space group and integration of reflection intensities 
were performed using DENZO (Otwinowski, 1993) and the 
data scaled with SCALEPACK (Otwinowski, 1993). 

3. Results and discussion 

Rod-shaped crystals appeared within 6 d using polyethylene 
glycol as a precipitant (Fig. 1). Two criteria had to be met 
for successful crystallization. Firstly, the phosphate buffer 
present in the protein solution from the purification procedure 
had to be removed by dialysis prior to the crystallization 
trials. Secondly, the presence of reduced glutathione (one of 
the enzyme's substrates) was found essential. The optimal 
reservoir conditions consists of 22-28%(w/v)  PEG 8000, 
10 mM reduced glutathione and 100 mM HEPES buffer, pH 
6.5 to 7.3. The crystals grow with maximal dimensions 
0.2 x 0.2 x 0.6 mm. 

The autoindexing procedure of D E N Z O  (Otwinowski, 
1993) indicated that the crystals belong to the tetragonal 
crystal system, with unit-cell dimensions of a = b = 90.9 and 
c = 117.3 A,. Analysis of the various data, including a search 
for systematic absences, showed the data were consistent with 
the space group P4. The unit-cell volume is consistent with 
between three and six monomers in the asymmetric unit, 
yielding Vm values of between 1.8 and 3.5/~3 Da-l, values 
which fall within the normal range observed for protein crystals 
(Matthews, 1968). Fresh crystals diffracted to approximately 
2.3/~ resolution. We were able to collect an 86% complete 
data set to 2.7 A, resolution off a single crystal with an Rsym of 
14.7%. We are planning to determine the structure of the P. 
mirabilis GST by the method of molecular replacement using 
our model of the insect theta-class GST (Wilce, Board, Feil 
& Parker, 1995). Should the bacterial GST prove to be too 
dissimilar to the insect model (and to the other available GST 
models) we will solve the structure by the method of multiple 
isomorphous replacement. 
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