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Purification, crystallization and preliminary
crystallographic analysis of the glycine-cleavage
system component T-protein from Pyrococcus

horikoshii OT3

The glycine-cleavage system component T-protein is a folate-
dependent enzyme that catalyzes the formation of ammonia and
5,10-CH,-tetrahydrofolate from the aminomethyl
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intermediate

bound to the lipoate cofactor of H-protein. T-protein from
Pyrococcus horikoshii OT3 has been cloned, overexpressed in
Escherichia coli, purified and crystallized by the microbatch method
using PEG 4000 as a precipitant at 296 K. X-ray diffraction data have
been collected to 1.50 A resolution at 100 K using synchrotron
radiation. The crystals belong to the orthorhombic space group
P2,2,2,, with unit-cell parameters a = 78.980, b =95.708, ¢ = 118.331 A.
Assuming one homodimer per asymmetric unit gives a V), value of

2.4 A*Da~! and a solvent content of 49.0%.

1. Introduction

The glycine-cleavage system (GCS; EC
2.1.2.10) is a multicomponent enzyme system
that catalyzes the cleavage of glycine to yield
carbon dioxide, ammonia, 5,10-CH,-tetra-
hydrofolate (Motokawa & Kikuchi, 1974) and
NADH + H". This system is composed of four
proteins: a pyridoxal phosphate enzyme
(P-protein), a carrier protein containing cova-
lently bound lipoic acid (H-protein), a folate-
dependent enzyme (T-protein) and a protein
exhibiting lipoamide dehydrogenase activity
(L-protein). The system catalyzes the oxidative
cleavage of glycine, a major catabolic pathway
of glycine in various organisms. Firstly, the
P-protein catalyzes the decarboxylation of the
glycine molecule and subsequent transfer of
the residual methylamine to the oxidized
H-protein (H,x), generating the methylamine-
loaded H-protein (Hpe). Secondly, the
T-protein catalyzes the transfer of a methylene
C atom from H,, to tetrahydrofolate,
resulting in the release of ammonia and the
generation of reduced H-protein (H,.q). Lastly,
the hydrolipoyl group of H,.4 is oxidized by the
L-protein and H,, is generated, thereby
completing the catalytic cycle (Motokawa et
al., 1995). The GCSs distributed in bacteria,
mitochondria of plants and mammals have
been studied extensively (Perham, 2000;
Douce et al, 2001). In humans, a genetic
disease caused by GCS absence, termed non-
ketoic hyperglycinaemia, has been reported to
cause a dramatic accumulation of glycine in the
blood, leading to a neurological disorder (Tada
& Hayasaka, 1987; Toone et al., 2001).
Although the H-protein (Pares et al, 1994,
1995; Cohen-Addad et al., 1995; Faure et al.,
2000; Nakai, Ishijima et al., 2003) and the

L-protein (Mattevi et al, 1991, 1992, 1993;
Mande et al., 1996; Li de la Sierra et al., 1997,
Toyoda, Kobayashi et al., 1998; Toyoda, Suzuki
et al., 1998; Faure et al., 2000) from several
sources have been well studied by X-ray crys-
tallography, the three-dimensional structures
of the P-protein and the T-protein have not yet
been reported. Recently, the crystallization of
P-protein from Thermus thermophilus has
been published (Nakai, Nakagawa et al., 2003).
T-protein is a folate-dependent enzyme that
catalyzes the formation of ammonia and 5,10-
CH,-tetrahydrofolate from the methylamine-
loaded H-protein (Motokawa et al., 1995).
Therefore, the T-protein should have inter-
actions or binding site(s) with the H-protein,
the folate cofactor and possibly the P-protein,
which directly participates in the formation of
the methylamine-loaded H-protein. Kinetic
studies on the forward (Fujiwara et al., 1984)
and reverse (Okamura-lkeda et al, 1987)
reactions catalyzed by the T-protein have
revealed the importance of specific amino-acid
residues participating in binding or catalysis. In
this paper, we report the expression, purifica-
tion and preliminary crystallographic analysis
of the T-protein from Pyrococcus horikoshii
OT3. Knowledge of the three-dimensional
structure of the T-protein could help in
understanding the molecular mechanism of the
GCS multienzyme complex.

2. Experimental
2.1. Protein expression and purification

The T-protein from P. horikoshii OT3 used
in this study has a molecular weight of
46.17kDa and consists of 401 amino-acid
residues. The plasmid encoding the T-protein

1450

DOI: 10.1107/50907444904012910

Acta Cryst. (2004). D60, 1450—1452



crystallization papers

was digested with Ndel and Bg/Il and the
fragment was inserted into the expression
vector pET-11a (Novagen) linearized with
Ndel and BamHI. Escherichia coli BL21
Codon Plus (DE3)-RIL cells were trans-
formed with the recombinant plasmid and
grown at 310 K in Luria-Bertani medium
containing 50 ug ml~' ampicillin for 20 h.
The cells were harvested by centrifugation
at 6500revmin~' for Smin at 277K,
suspended in 20mM TrissHCl pH 8.0
containing 0.5 M NaCl and 5mM
2-mercaptoethanol and finally disrupted
by sonication and heated at 363 K for
10 min. The cell debris and denaturated
protein were removed by centrifugation
(14 000 rev min~", 30 min). The supernatant
solution was used as the crude extract for
purification.

The crude extract was desalted with a
HiPrep 26/10 desalting column (Amersham
Biosciences) and applied onto a Super Q
Toyopearl 650M (Tosoh) column equili-
brated with 20 mM Tris-HCI pH 8.0 (buffer
A). After elution with a linear gradient of 0—
0.5 M NaCl, the fraction containing the
T-protein was desalted with a HiPrep 26/10
desalting column (Amersham Biosciences)
with buffer A. The sample was loaded onto
a Resource Q column (Amersham Bio-
sciences) equilibrated with buffer A. After
elution with a linear gradient of 0-0.3 M
Nadl, the fraction containing the T-protein
was desalted with a HiPrep 26/10 desalting
column with 10 mM sodium phosphate pH
7.0. The sample was then applied onto a Bio-
Scale CHT-20-1 column (Bio-Rad) equili-
brated with 10 mM sodium phosphate pH
7.0 and eluted with a linear gradient of 10—
500 mM sodium phosphate. The sample was
concentrated by ultrafiltration (Vivaspin)
and loaded onto a HiLoad 16/60 Superdex
200 prep-grade column (Amersham Bio-
sciences) equilibrated with buffer A
containing 0.2 M NaCl. The homogeneity

Figure 1
Crystals of T-protein from P. horikoshii OT3. The
crystals have approximate dimensions of 0.2 x 0.15 x
0.15 mm.

and identity of the purified sample were
assessed by SDS-PAGE (Laemmli, 1970)
and N-terminal sequence analysis. Finally,
the purified T-protein was concentrated to
30.3 mg ml™' using ultrafiltration and was
stored at 203 K.

2.2. Dynamic light-scattering study

The oligomerization state of the purified
T-protein was examined by a dynamic light-
scattering experiment using a DynaPro
MS/X instrument (Protein Solutions), which
was performed at a protein concentration of
20 mg ml~" in 20 mM Tris-HCI pH 7.6 with
200 mM NaCl. Several measurements were
taken at 291 K and analyzed by the
DYNAMICS software, v.3.30 (Protein Solu-
tions). A bimodal analysis resulted in a
molecular weight of 75kDa, which is
consistent with the formation of a homo-
dimer.

2.3. Crystallization and X-ray data
collection

Crystals of T-protein were obtained by the
microbatch method using Nunc HLA plates
(Nalge Nunc International). Each crystal-
lization drop was prepared by mixing 1.0 pl
precipitant solution (12.5% PEG 4000,
0.1 M MES pH 5.9) and 1.0 pl protein solu-
tion at 2543 mgml~'. The crystallization
drop was overlaid with a 1:1 mixture of
silicon/paraffin oils, allowing slow evapora-
tion of water in the drop, and stored at
296 K. Initial crystallization conditions were
established using the TERA (automatic
crystallization) system (Sugahara & Miyano,
2002) from 144 independent conditions.

A crystal of the T-protein from P. hori-
koshii was flash-frozen using a cryoprotec-
tant solution comprising 12.5% PEG 4000,
0.1 M MES and 30%(v/v) glycerol. X-ray
diffraction data were collected from a flash-
cooled crystal at 100 K using synchrotron
radiation on a Rigaku R-AXIS V image-
plate detector on beamline BL26B1 at
SPring-8, Japan. Each frame was exposed for
45s with a 1° oscillation at a crystal-to-
detector distance of 250 mm. Data were
processed and scaled using HKL2000
(Otwinowski & Minor, 1999).

3. Results

Well diffracting crystals of the T-protein
were obtained using PEG 4000 as a preci-
pitant. Crystals appeared about 15-18d
after setup and grew to approximate
dimensions of 0.2 x 0.15 x 0.15 mm after
four weeks (Fig. 1). A set of X-ray diffrac-
tion data was collected to 1.50 A resolution

Table 1
Statistics of X-ray data measurement for T-protein
crystals.

Values in parentheses correspond to the highest resolu-
tion shell.

Space group P2,2,2,

Unit-cell parameters (A) a = 78.980, b = 95.708,
c=118.331

Wavelength (A) 1.0

Resolution range (A) 40-1.5 (1.62-1.55)

Total observations 875037

Unique reflections 142355

Redundancy 6.2 (5.7)

Completeness (%) 99.1 (97.2)

Mean /(1) 19.2 (3.2)

Ruerget (%) 49 (28.1)

T Ruerge = o 2 [ ChKD) — (IGRKD) /30 32 (T (hkD)),
where Ij(hkl) and (I(hkl)) are the observed intensity of
measurement j and the mean intensity of the reflection with
indices hkl, respectively.

at 100 K using synchrotron radiation. Data-
collection statistics are summarized in
Table 1. A total of 875037 measured
reflections in the resolution range 40-1.50 A
were merged into 142 355 unique reflections
with an Rper,e 0f 6.2%. The completeness of
the merged data set at 1.50 A resolution is
99%. The crystal belongs to the ortho-
rhombic space group P2,2,2,. The asym-
metric unit probably contains two molecules
of the T-protein, giving a crystal volume per
protein weight (V) of 2.4 A’Da"! and a
solvent content of 49.0% (Matthews, 1968).
A dynamic light-scattering experiment
shows a consistent result of a dimeric state of
this protein in solution (see §2). Combining
these observations, the asymmetric unit is
most likely to contain a homodimer of
T-protein, although a self-rotation search
did not clearly provide a local twofold
symmetry. The high quality of the T-protein
crystals will probably allow us to apply the
multiple anomalous dispersion (MAD)
method (Hendrickson et al, 1990) using
selenomethionine or other heavy-atom
derivative crystals, which should be precise
enough to phase the crystal structure of
P. horikoshii T-protein at an atomic resolu-
tion.
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