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DJ-1 was identi®ed as a novel oncogene product that transformed

mouse NIH3T3 cells in cooperation with activated Ras. DJ-1 was also

correlated with male infertility and parkinsonism. DJ-1 was crystal-

lized using sodium citrate and HEPES at pH 7.5. The crystal belongs

to space group P31 or P32, with unit-cell parameters a = 75.04,

c = 74.88 AÊ and contains two molecules in an asymmetric unit. An

intensity data set was collected to 2.00 AÊ resolution.
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1. Introduction

DJ-1 is a novel oncogene product that trans-

forms mouse NIH3T3 cells in cooperation with

activated Ras. DJ-1 consists of 189 amino-acid

residues and is expressed in various human

organs, especially in testis (Nagakubo et al.,

1997). DJ-1 was found to promote androgen

receptor (AR) dependent transcription. This

function arises from binding of DJ-1 to

PIASx�, which inhibits AR-dependent tran-

scriptional activity (Takahashi et al., 2001).

CAP1/SP22, a rat homologue of human DJ-1,

decreased by exposure of rats to sperm toxi-

cants such as ornidazole, which caused male

infertility (Klinefelter et al., 1997; Wagenfeld et

al., 1998). In addition, treatment of sperm with

a DJ-1 antibody signi®cantly inhibited fertility

of sperm in vivo and in vitro (Klinefelter et al.,

2002). The above evidence taken together

suggests that DJ-1 plays an important role in

male fertility. Recently, DJ-1 mutation was

found to be associated with PARK7, a

monogenic form of human parkinsonism.

Parkinsonism is the second most common

neurodegenerative disorder (Lang & Lozano,

1998) and PARK7 is one of autosomal

recessive early onset parkinsonism. In these

patients, the highly conserved leucine at

position 166 was mutated to proline (Bonifati

et al., 2003).

Here, we report the preliminary crystallo-

graphic studies of human DJ-1. The three-

dimensional structure of DJ-1 will be helpful to

understand the functional role of DJ-1 in

fertility and parkinsonism.

2. Materials and methods

2.1. Molecular clonimg, expression and

purification of DJ-1

Full-length human DJ-1 (189 amino acids,

20 kDa) was cloned into pGEX6P-1 as a fusion

protein with glutathione S-transferase (GST)

and expressed in Escherichia coli BL21 (DE3).

The bacterial culture was grown in 2�YT with

0.1 g lÿ1 ampicillin at 310 K until absorbance at

600 nm reached 0.5. Protein expression was

induced by addition of isopropyl-1-thio-�-d-

galactoside to 0.1 mM. Cells were cultured at

298 K and harvested after 7 h. The cells were

collected and disrupted by sonication at 277 K

in PBS(ÿ) containing 1 mM EDTA, 5 mM

NaN3. The supernatant was incubated with

glutathione Sepharose 4B (Pharmacia Biotech)

and GST-fusion protein was eluted with a

solution containing 25 mM glutathione

(reduced form) pH 8.0. The eluate was

dialyzed in cleavage buffer (150 mM NaCl,

1 mM EDTA, 1 mM DTT, 50 mM Tris±HCl

pH 7.0) and the GST tag was cleaved

by digestion with 10 units mlÿ1 PreScission

Protease (Pharmacia Biotech) for 4 h at 277 K.

After digestion, protein solution was again

incubated with glutathione Sepharose 4B and

both GST and uncleaved GST-fusion protein

were removed. Further puri®cation was

performed using HiTrap Q (Pharmacia

Biotech) followed by HiLoad Superdex 75pg

26/60 (Pharmacia Biotech).

Puri®ed protein contains an additional 15

amino acids at the N-terminus derived from

the linker connecting DJ-1 and GST. In order

to remove these N-terminal residues, trypsin

digestion was performed by incubating

0.5 mg mlÿ1 protein with 10 pmol mlÿ1 trypsin

(sequencing grade, Roche Molecular

Biochemicals) with a solution containing 0.1 M

ammonium bicarbonate for 1.5 h at 310 K.

After digestion, protein was puri®ed by two

passes of HiLoad Superdex 75 pg 26/60

(Pharmacia Biotech). MALDI±TOF MS and

N-terminal sequence analyses were performed,

which revealed that 15 amino acids were

removed from the N-terminus. Thus, intact

DJ-1 (1±189) was obtained. A MALDI±TOF

MS spectrum of puri®ed DJ-1 is shown in Fig. 1.

2.2. Crystallization

The crystallization conditions for DJ-1

were established by sparse-matrix screening
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(Jancarik & Kim, 1991) using Crystal Screen

I (Hampton Research) and sitting-drop

vapor diffusion. In each trial, a sitting

drop of 2 ml of puri®ed protein solution

(10 mg mlÿ1 in 5 mM NaN3 solution) was

mixed with 0.5 ml of reservoir solution. A

single-crystal was grown at 293 K in preci-

pitant solution containing 1.4 M sodium

citrate, 0.1 M HEPES pH 7.5 in 1 d. The

crystals reached maximal dimensions of

0.3 � 0.3 � 0.1 mm.

2.3. Data collection and processing

All diffraction data were collected from

crystals cooled at 100 K in a cold nitrogen

stream using an R-AXIS IV imaging-plate

detector on an FR-C X-ray generator

(Rigaku). The data collection was

performed with 2.0� steps over a total

oscillation range of 142�, with an exposure

time of 60 min for each frame. The camera

distance was 130 mm. The crystal was found

to diffract to 2.00 AÊ resolution and belongs

to space group P31 or P32, with unit-cell

parameters a = 75.04, c = 74.88 AÊ . All data

were processed using the programs DENZO

and SCALEPACK (Otwinowski & Minor,

1997). The crystallographic parameters and

data-collection statistics are shown in

Table 1. The total number of observed

re¯ections was 124 947, which gave 29 240

unique re¯ections. The resulting data gave

an Rmerge of 9.76 (29.4% for the outer shell,

2.07±2.00 AÊ ) with a completeness of 97.6%

(92.6% for the outer shell). The crystal

mosaicity was estimated to be 0.446�. The

present crystals contain two molecules in the

asymmetric unit, with a VM value (Matthews,

1968) of 3.07 AÊ 3 Daÿ1, corresponding to a

solvent content of 59%. The crystal data

were used for calculating a self-rotation

function using POLARRFN (Collaborative

Computational Project, Number 4, 1994), as

shown in Fig. 2. In the � = 180� section, the

self-rotation map shows strong peaks at

(!, ') = (90, 0), (90, 60), (90, 120), (90, 180),

(90, 240) and (90, 300), indicating that there

are three local twofold axes related by the

crystallographic threefold symmetry. This

result ®ts well with the estimated value of

two DJ-1 molecules in the asymmetric unit.

Sequence alignment using FASTA

(Pearson & Lipman, 1988) has shown that

DJ-1 has no signi®cant homology with other

proteins of known tertiary structure.

Therefore, a heavy-atom multiple isomor-

phous replacement method for the structure

analysis was applied. An extensive search

for heavy-atom derivatives is currently

under way.
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Figure 1
MALDI-TOF/MS spectra of puri®ed DJ-1 using 3,5-dimethoxy-4-hydroxycinnamic acid as a matrix. Myoglobin
(Sigma, M-0630) and carbonic anhydrase (Sigma, C-7025) were used as the internal standard. The observed peak
species of (m/z) = 29 024, 169 52.6 and 8300.9 correspond to carbonic anhydrase, myoglobin and doubly charged
species of myoglobin, respectively. After calibration, the DJ-1 (m/z) peak was estimated as 19 892.4, in good
agreement with full-length DJ-1 (calculated mass 19 891.2).

Table 1
Crystallographic parameters and data-collection
statistics.

Values in parentheses refer to the highest resolution shell
(2.07±2.00 AÊ ).

Space group P31 or P32

Unit-cell parameters (AÊ ) a = b = 75.04,
c = 74.88

Mathews coef®cient (AÊ 3 Daÿ1) 3.07 (2 mols per AU)
Solvent content (%) 59
Resolution range (AÊ ) 50±2.0
Observed re¯ections 124947
Unique re¯ections 29240
Rmerge² (%) 9.76 (29.4)
Completeness (%) 97.6 (92.6)
Mosaicity (�) 0.446

² Rmerge =
P jIi ÿ hIij=

P
Ii , where Ii is the observed

intensity and hIi is the averaged intensity obtained from

multiple observation of symmetry-related re¯ections.

Figure 2
A stereographic projection of the self-rotation
function from the DJ-1 data set at � = 180�. The
self-rotation function was calculated using a 29 AÊ

radius of integration and data in the resolution range
7±4 AÊ . The obvious peaks corresponding to twofold
non-crystallographic symmetry can be seen on this
section.


