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Abstract

A helminth glutathione S-transfease, 26 kDa isozyme from Clonorchis sinensis was cocrystal-
lized with inhibitors by the hanging-drop method with monomethylether 550 as a precipitant. The
crystals, grown in the presence of S-methylglutathione or trans-4-phenyl-3-buten-2-one, suitable
for X-ray analysis, belong to the hexagonal space group P6, (or P6,), with unit cell parameters a =
b=97.6 A, c=117.4 A. X-ray diffraction data were collected with 2.5 A resolution.

1. Introduction

Glutathione S-transferases (GSTs) are a family of
multifunctional enzymes involved in cellular detox-
ification of xenobiotics and reactive endogenous
compound of oxidative metabolism.” They catalyze
the nucleophilic addition of glutathione (GSH, y-
Glu-Cys-Gly) to a wide variety of electrophilic com-
pounds including alkyl and lactones, expoxides, aryl-
halides, and activated alkens. They are also involved
in the development of resistance of cells to chemo-
therapeutic agents, herbicides, pesticides, and radia-
tion.” Drug resistance appears due to increased
glutathione S-transferase activity and can limit the
effectiveness of many chemotherapeutic agents. Cyto-
soic GSTs have been grouped into at least seven
classes, alpha, mu, phi, theta, sigma, kappa,‘” and
zeta,” based on their specificities to substrates and
inhibitors, immunologic activity, and amino acid
sequence identities. A number of three-dimensional
structures of GSTs have been determined by X-ray
crystallography and revealed that the monomer of
all functional GSTs is composed of two domains, a
smaller N-terminal alpha/beta-domain and a larger
C-terminal alpha-domain. Although GSTs share such
common folding pattern, each structure has charac-
teristic features, particularly concerning the substrate-
binding site.

Helminths contain two distinct classes of GSTs
from Mr = 26,000 to 28,000 with differing substrate
specificity.” The GSTs may provide the worms pri-
mary defense against electrophilic and oxidative da-
mages.” The enzymes are known as potential chemo-
and immuno-therapeutic targets.>” So far, crystal
structures have been determined for isozymes from
Schistosoma japonicum™" and Fasciola hepatica."”
We have crystallized a 26kDa GST from Clo-
norchis sinensis (CsGST) complexed with inhibitors
as the first step to determine 3-dimensional struc-
ture, and we report here the preliminary X-ray dif-
fraction results for the crystals.

2. Materials and Method

2-1. Purification

CsGST was purified by a GSH-affinity chroma-
tography from E. coli BL21 [DE3] pLysS, which
contains pET23a(+) expression vector (NOVAGEN,
Germany) carrying CsGST gene (Hong et al., un-
published work). The cells were grown in broth
medium containing 50 mg/m/ ampicillin until the O.Dgy,
was about 0.7, and then 1 mM IPTG was added.
After 4 h incubation at 37 °C, harvested cells were
suspended in 10 m/ of 20 mM potassium phosphate
buffer (pH=7.0) containing 1 mM EDTA and 1
mM PMSE, and were disrupted by ultrasonication.
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The supernatant of E. coli lysate was applied onto a
GSH-affinity column. After the column was washed
with 20 mM potassium phosphate buffer containing
1 mM EDTA, the CsGST was eluted with 50 mM
Tris-Cl buffer (pH=9.6) containing 15 mM GSH.
Activity of the eluted fractions was assayed by the
procedure of Habig et al.' Protein purity was as-
sessed by densitometry of SDS-PAGE gels loaded
with dilutions of the concentrated sample and visu-
alized by Coomasie-Blue staining. Protein concentra-
tion was determined by the method of Lowry et al.'?

2-2. Crystallization

The sample was dialyzed against 5 mM potas-
sium phosphate buffer (pH =7.0) and then concen-
trated with a Ceniricon concentrator (Amicon cor-
poration) until the protein concentration reached
15~20 mg/ml. Inhibitors were dissolved in water
and mixed with the protein solution to a final con-
centration of about 5mM. The mixture was then
incubated at 20 °C for 3 h and used for subsequent
crystallization experiments. Initial crystallization con-
ditions were screened according to sparse-matrix
methods' using a hanging-drop vapour diffusion
method. In order to demonstrate that protein in
crystal retains intact molecular size, crystals were
carefully washed with the reservoir solution and dis-
solved in a phosphate buffer. The dissolved crystals
were then analyzed by SDS-PAGE.

2-3. Preliminary X-ray diffraction analysis

Diffraction data were collected at room tempera-
ture on a DIP-2000 imaging plate detector (MAC
Science Co.) with Cu Ko radiation from a MAC
Science MO6XHF rotating anode X-ray generator
operated at 50kV and 90 mA. A total of 90 data
frames were measured, with an exposure of 15 min-
utes and an oscillation angle of 1.0 degree per frame.
Crystal-to-detector distance was set to 120 mm. The
raw data were processed to 2.5 A by DENZO and
scaled by SCALEPACK.'®

3. Results and Discussion

Large single crystals of CsGST complexed with
S-methylglutathione or #rans-4-phenyl-3-buten-2-one
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(b)

Fig. 1. (a) A crystal of CsGST/S-methylglutathione
complex; (b) A crystal of CsGST/trans-4-phenyl-3-
buten-2-one complex.

were obtained from a 2.0 M ammonium sulfate in
0.05M Tris-Cl buffer (pH=8.5) by the hanging-
drop vapor diffusion method. The pencillike crystals
appeared within a day and grew up to 0.5 x 0.5 x
0.7 mm in about 4 days (Fig. 1). SDS-PAGE anal-
ysis (Fig. 2) of the protein sample used for crystal-
lization and the dissolved crystals showed a strong
band on the SDS-PAGE gel at approximately 26
kDa, indicating that crystals contain fully intact
CsGST.

The crystals diffracted to at least 2.5 A resolution
as observed in 15-minute-oscillation images recorded
on a DIP2000 imaging plate system with Cu Ko
radiation (4.5 kW). X-ray diffraction data showed
that the crystals belong to the hexagonal space
group P6, (or P6,) with cell parameters a =97.6 A,
and c=117.4 A. Assuming one dimer molecule of
CsGST (molecular mass 25.5 kDa) per crystallo-
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Fig. 2. Coomasie-blue stained SDS-PAGE gel of dis-
solved crystals and protein samples used for obtain-
ing the crystals. Lane A: CsGST used for crystalliz-
ation; Lane B: Marker proteins; Lane C: Dissolved
crystal of CsGST/S-methylglutathione complex; Lane
D: Dissolved crystal of CsGST/trans-4-phenyl-3-buten-
2-one complex.

graphic asymmetric unit and a partial specific vol-
ume of 0.74 cm®/g, the crystal volume per protein
mass, V,,'” is 2.74 A’/dalton, which is within the
normal range for protein crystals, and the solvent
content of the crystal was estimated to be about
54.6%.

Recently, orthorhombic crystals of CsGST and its
fusion proteins with peptides of different lengths
were grown from a monomethylether 550 solution
containing zinc sulfate (Han et al., submitted for
publication). We proposed that the crystallization
system may be generally applicable to obtain crys-
tals of small peptides. Therefore, the new crystal
form of the CsGST/inhibitor complex is expected to
provide an alternative way to crystallize small pep-
tide via CsGST-fusion proteins.

References

1) Mannervik, B. and Danielson, U. H., CRC Crit.

SEEELER

Rev. Biochem., 23, 283-337 (1988).

2) Hayes, J. D. and Wolf, C. R., In Glutathione Con-
Jugation: Mechanisms and Biological significance
(Sies, H. and Ketter, B., eds.), 316-356 (1988).

3) Waxman, D. J., Cancer Res., 50, 6449 (1990).

4) Pemble, S. E., Wardle, A. E and Taylor, J. B.,
Biochem. J., 319, 749-754 (1996).

5) Board, P. G., Barker, R. T., Chelvanyagam, G. and
Jermiin, L. S., Biochem. J., 328, 929-935 (1997).

6) Walker, J., Crowley, P, Moreman, A. D. and
Barret, J., Mol. Biochem. Parasitol., 61, 255-264
(1993).

7) Brophy, P. M. and Barrett, J., Parasitology., 100,
345-349 (1990).

8) Ferru, 1., Geroges, B., Bossus, M., Estaquier, J.,
Delacre, M., Harn, D. A., Tartar, A., Capron, A.,
Grassmasse, H. and Auriault, C., Parasite Immunol.
19, 1-11 (1997).

9) Sexton, I. L., Milner, A. R., Panaccio, M., Wad-
dington, J., Wijffels, G., Chandler, D., Thompson,
C., Wilson, L., Spithill, T. W., Mitchell, G. E
and Campbell, N. J., J. Immunol., 145, 3905-
3910 (1990).

10) Lim, K., Ho, I. X., Keeling, K., Gilliland, G. L.,
Ji, X., Ruker, F. and Carter, D. C., Protein Sci.,
3, 2233-2244 (1994).

11) McTigue, M., Williams, D. R. and Tainer, J. A.,
J. Mol. Biol., 246, 21-27 (1995).

12) Rossjohn, J., Susanne, C. E, Matthew, C. J. W,
Jennifer, I.. S., Terry, W. S. and Michael, W. P,
J. Mol. Biol., 273, 857-872 (1997).

13) Habig, W. H., Pabst, M. J. and Jacoby, W. B., J.
Biol. Chem., 249, 7130-7139 (1974).

14) Lowry, O. H., Rosebrough, N. J., Farr, A. L. and
Randall, R. I., J. Biol. Chem., 193, 265-275
(1951).

15) Jancarik, J. and Kim, S. H., J. Appl. Crystallogr.,
24, 409-411 (1991).

16) Otwinowski, Z. and Minor, W., Methods Enzymol.,
276, 307-325 (1997).

17) Matthews, B. W., J. Mol. Biol., 33, 491-497 (1968).



