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Lactate dehydrogenase from the hyperthermophilic

archaeon Methanococcus jannaschii:

overexpression, crystallization and preliminary

X-ray analysis

L(+)-Lactate dehydrogenase (LDH) is a key enzyme in anaerobic
metabolism which converts pyruvate to lactate. LDH from the
hyperthermophilic archaebacterium Methanococcus jannaschii has
been overexpressed in Escherichia coli and crystallized in two crystal
forms at 297 K using 2-methyl-2,4-pentanediol as precipitant. Type 1
crystals grew rapidly and diffracted to at least 2.8 A Bragg spacing
upon exposure to Cu Ko X-rays. X-ray diffraction data to 2.9 A have
been collected from a native crystal. The type I crystal is tetragonal,
belonging to the space group P4,2,2, with unit-cell parameters
a=b=299.74, c = 170.00 A. The asymmetric unit contains two LDH
subunits, with a corresponding crystal volume per protein mass (V,,)
of 3.05 A>Da™"' and a solvent content of 59.7%. Type II crystals,
which grew more slowly, diffracted to at least 1.8 A Bragg spacing
upon exposure to Cu Ka X-rays. X-ray diffraction data to 1.9 A have
been collected from a native crystal. The type II crystal is
orthorhombic, belonging to the space group P2,2,2, with unit-cell
parameters a = 47.65, b = 125.10, ¢ = 58.08 A. The asymmetric unit
contains a single LDH subunit, with a corresponding crystal volume
per protein mass (V,,) of 2.50 A’Da™! and a solvent content of
50.8%. Therefore, the type II crystal is more suitable for high-
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resolution structure determination than the type I crystal.

1. Introduction

L(+)-Lactate dehydrogenase (LDH; E.C.
1.1.1.27) is a key enzyme in anaerobic meta-
bolism which converts pyruvate to lactate using
NADH as a cofactor (Holbrook et al., 1975).
LDHs from different sources have been
extensively characterized for their catalytic
mechanism, protein evolution, stability, folding
and three-dimensional structure (Rossmann et
al., 1975; Jaenicke, 1987). Crystal structures of
LDHs from mesophilic organisms (Adams et
al., 1970; Buehner et al., 1974; White et al., 1976;
Grau et al., 1981; Abad-Zapatero et al., 1987;
Hogrefe et al., 1987; Iwata et al., 1994; Dunn et
al., 1996), thermophilic organisms (Piontek et
al., 1990; Wigley et al., 1992) and the hyper-
thermophilic bacterium Thermotoga maritima
(Auerbach et al., 1998) have been determined.
However, no structure of any LDH from
archaebacteria has been reported.

LDH from the hyperthermophilic bacterium
T. maritima was found to represent the most
stable LDH isolated so far (Ostendorp et al.,
1996). The major fraction of the E. coli
expressed enzyme existed as homotetramers,
like other LDHs, but a small fraction existed as
homooctamers. The two species were indis-
tinguishable in terms of spectral properties, but
the octamer exhibited reduced specific activity.

The crystal structure of the tetramer revealed
possible strategies for protein thermo-
stabilization (Auerbach et al., 1998).

In order to provide more structural infor-
mation on LDH from hyperthermophilic
organisms, we have initiated the structure
determination of LDH from the hyper-
thermophilic archaeon M. jannaschii. Its poly-
peptide chain comprises 313 amino-acid
residues (M, = 34609). Its amino-acid
sequence (Bult er al., 1996) shows 38.1%
identity with LDH from 7. maritima. As the
first step toward its structural elucidation, we
report here its gene cloning, overexpression,
crystallization and preliminary X-ray crystal-
lographic analysis.

2. Experimental
2.1. Cloning, overexpression and purification

The gene encoding M. jannaschii LDH
(MJ0490) was amplified by the polymerase
chain reaction (PCR) using its chromosomal
DNA as the template. The forward and reverse
oligonucleotide primers were designed using
the published sequence (Bult et al., 1996). The
PCR product was inserted into Ndel/BamHI-
digested pET-22b (Novagen). The protein was
overexpressed in E. coli C41(DE3) cells
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(Miroux & Walker, 1996). The cells were
grown to an ODgq of 0.6 at 310 K and the
expression of the recombinant enzyme was
induced using 1 mM IPTG. The expression
level reached about 30% of total soluble
cellular protein after 18 h of induction.
Cultured cells were resuspended in the lysis
buffer (50 mM Tris-HCl pH 8.3, 1mM
EDTA, 1 mM phenylmethylsulfonyl
fluoride) and were homogenized with an
ultrasonic processor (Branson sonifier
model 350). The solution was centrifuged at
35 000g for 30 min and the cell debris was
discarded. The cell extract was heated and
kept between 353 and 358 K for 10 min. This
enzyme was found to be stable at this
temperature (unpublished data). It was then
centrifuged again at 35 000g for 30 min. The
supernatant was subjected to column chro-
matography  using =~ DEAE-Sepharose
(Pharmacia), employing a linear gradient of
0-1.0 M NaCl in buffer A (20 mM Tris-HCl
pH 83, 1mM EDTA). The enzyme was
dialyzed against buffer A and was further
purified using a blue-Sepharose column
(Pharmacia), eluting with 1.0 M NaCl in
buffer A. The purified protein was homo-
geneous on SDS-PAGE. Prior to crystal-
lization, the protein buffer was changed to
20 mM sodium phosphate pH 6.6 containing
0.1 mM dithiothreitol using a gel-filtration
column (Superdex-200 prep grade, Phar-
macia).

2.2. Crystallization

The purified enzyme was concentrated to
about 15mgml™" concentration using a
YM30 ultrafiltration membrane (Amicon).
The protein concentration was estimated by
measuring the absorbance at 280 nm,
employing the calculated extinction co-
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Figure 1

Expression and purification of M. jannaschii LDH.
SDS-PAGE of the cell extracts of E. coli C41(DE3)
cells transformed with the plasmid pET-22b
containing the LDH gene (lane 2, after IPTG
induction; lane 3, before induction). Lane 1, mole-
cular-weight markers. Lane 4, purified enzyme.

efficient €280nm, 0.1%, 1 cm of Table 1
0.236 cm® mg ', Crystallization

was performed by the hanging-

Data-collection statistics.

. X Crystal type 1 I
drop vapour-diffusion method
using 24-well tissue-culture Space group L P22 P22:2

Unit-cell parameters (A)
VDX plates (Hampton a 99.74 47.65
Research) at 297 K. Each b 99.74 125.10
haneine d ab ¢ 170.00 58.08
anging drop was prepared Oy roqaljunique reflections  57998/18314 75794/26843

mixing 4 pl each of the protein Runerge (%) 9.7 49

solution and the reservoir solu-
tion. It was placed over 0.5 ml of
the reservoir solution. Initial
searches  for  crystallization
conditions were performed
using Screen I (Jancarik & Kim,
1991), Screen II and MembFac screening
solutions (Hampton Research).

2.3. X-ray diffraction experiments

X-ray diffraction data were collected from
a type I crystal at 293 K using graphite-
monochromated Cu Ko X-rays from a
rotating-anode generator (Rigaku RU-
200BH) on the FAST area detector (Enraf-
Nonius, Delft) using the MADNES software
(Messerschmidt & Pflugrath, 1987). The
unit-cell parameters were determined by the
autoindexing and parameter-refinement
procedure of the MADNES software. The
reflection intensities were obtained using the
profile-fitting procedure (Kabsch, 1988) and

®

Figure 2

(a) Tetragonal crystals, typical dimensions 0.4 x 0.3 x
0.15 mm. (b) Orthorhombic crystals, typical dimen-
sions 0.3 x 0.3 x 0.2 mm.

Completeness (%)

93.0 (8.0-2.91 A),

_952(100-1.90 A),
845 (3.13-2.91 A)

80.4 (1.93-1.90 A)

T Ruerge = 2op 2 H(h, 1) — (I(W)/ >_, Y- 1(h, i), where I(h, i) is the intensity
of the ith measurement of reflection 4 and (I(h)) is the mean value of (A, i) for
all i measurements.

the data were scaled using the Fourier
scaling program (Weissman, 1982). Native
data were collected from a type II crystal at
293 K using Yale/MSC mirror-focused
Cu Ka X-rays on a Rigaku R-AXIS IV
image-plate detector. Recorded diffraction
images were processed using the HKL
package (Otwinowski & Minor, 1997).

3. Results

Recombinant LDH from M. jannaschii has
been overexpressed in E. coli as a soluble
fraction under the control of the T7
promoter to the level of about 70 mg per
litre of culture (Fig. 1). It has been crystal-
lized under the reservoir conditions 0.10 M
sodium acetate pH 5.6, 20-30%(v/v)
2-methyl-2,4-pentanediol, 200 mM sodium
chloride. Two types of crystals were obtained
in the same hanging drop (Fig. 2). Type I
crystals appeared first and grew to dimen-
sions of 0.4 x 0.3 x 0.15 mm within 3 d, but
these crystals deteriorated within two weeks.
Type 1I crystals appeared later and grew to
dimensions of 0.3 x 0.3 x 0.2 mm within one
month and were stable for at least several
months.

Type I crystals showed diffraction to 2.8 A
when exposed to Cu Ko X-rays. Native
X-ray diffraction data have been collected to
29A Bragg spacing from a type I crystal.
The systematic absences indicate that the
space group is P4,2,2. The unit-cell para-
meters are a = b = 99.74, ¢ = 170.00 A. The
asymmetric unit contains two monomers of
LDH, giving a crystal volume per protein
mass (V,,) of 3.05A>Da! and a solvent
content of 59.7%. Type 1I crystals diffracted
to 1.8 A and native data were collected to
1.9 A. The final merged data set consisted of
75794 measurements of 26 843 unique
reflections, with an Ry,eree (On intensity) of
49%. The merged data set is 952%
complete to 1.9 A. The space group was
determined to be P2,2,2 on the basis of
systematic absences. Unit-cell parameters
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were a = 47.65, b = 125.10, ¢ = 58.08 A. The
presence of one monomer of LDH in the
asymmetric unit gives a crystal volume per
protein mass (V,,) of 2.50 A’Da™!, with a
corresponding solvent content of 50.8%.
The statistics for data collection are
summarized in Table 1. The structure
determination of this LDH from the hyper-
thermophile M. jannaschii will provide
additional information necessary to enhance
our understanding of the possible determi-
nants of protein thermostabilization.
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