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Glucose-inhibited division protein A (GidA) acts in tRNA

modi®cation. It has been suggested that GidA is involved in the

biosynthesis of the hypermodi®ed nucleotide 5-methylaminomethyl-

2-thiouridine in the wobble position of bacterial tRNAs, which

stabilizes codon±anticodon interactions. Thermus thermophilus HB8

has a putative small gidA gene in addition to the normal gidA gene.

The crystallization and preliminary X-ray crystallographic studies of

the product of this small gidA gene (GidAsmall) are reported here.

The crystals belong to space group P3121 or P3221, with unit-cell

parameters a = b = 78.51, c = 66.10 AÊ and one monomer per

asymmetric unit. The crystals were found to diffract X-rays to beyond

1.65 AÊ resolution.
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1. Introduction

The gene for glucose-inhibited division protein

A (gidA) was ®rst isolated in association with

a glucose-inhibited division phenotype of

Escherichia coli (von Meyenburg & Hansen,

1980). The gidA genes are well conserved

among a wide range of prokaryotes and are

generally localized near the chromosomal

replication origin. GidA is therefore proposed

to play a role in control of cell division.

However, GidA has recently been shown to be

involved in the biosynthesis of the hyper-

modi®ed nucleotide 5-methylaminomethyl-

2-thiouridine (mnm5s2U34; BjoÈ rk, 1996;

BreÂgeon et al., 2001), which is found in the

wobble position of bacterial tRNAs speci®c for

glutamate, lysine, glutamine, arginine and

leucine (BjoÈ rk, 1996). This modi®cation is

necessary to stabilize codon±anticodon inter-

actions (BreÂgeon et al., 2001). The precise role

of GidA in the modi®cation pathway is

unknown. Humans and yeast have the GidA

homologue Mto1, which is thought to play a

role in mitochondrial tRNA modi®cation

(Colby et al., 1998; Li et al., 2002). GidA binds

FAD (White et al., 2001), but it remains

unknown whether GidA catalyses oxidation±

reduction reactions.

A subset of organisms have a second smaller

GidA. Thermus thermophilus HB8 has a

putative small gidA gene in addition to the

normal gidA gene. The gene product of the

small gidA (GidAsmall) consists of 232 amino

acids, while that of the conventional gidA

consists of 597 amino acids. Fig. 1 shows the

amino-acid sequences of GidA and GidAsmall

of T. thermophilus HB8. Neither the crystal

structure of GidA nor GidAsmall have been

reported. To provide structural insight into the

function of GidA, we have initiated crystallo-

graphic studies of GidAsmall. Here, we report

the crystallization and preliminary X-ray

diffraction analysis.

2. Materials and methods

2.1. Expression and purification

The gidAsmall gene was ampli®ed from

T. thermophilus HB8 genomic DNA by PCR

using the following oligonucleotide primers

containing arti®cial NdeI and BglII sites (in

bold): 50-ATATCATATGGCGGCGTACCA-

GGTCCTCATCGTGGGGG-30 and 50-ATAT-

AGATCTTTATTACCCAAGCTCATGGAG-

AAGGTGCTCC-30. The PCR product was

subcloned into pT7Blue (Novagen) by TA

cloning. The plasmid was digested with NdeI

and BglII and was ligated into the NdeI and

BamHI sites of bacterial expression vector

pET11a (Novagen), in which the gidAsmall gene

is under control of the T7 promoter. This

recombinant plasmid was then transformed

into E. coli strain BL21 (DE3). The trans-

formed bacteria were grown overnight at

310 K with shaking in Miller LB broth

containing ampicillin (50 mg mlÿ1). The cells

were harvested and sonicated in 20 mM Tris±

HCl buffer pH 8.0 containing 50 mM NaCl.

The crude extract was incubated at 343 K for

10 min, cooled on ice and ultracentrifuged at

65 300g for 60 min. Ammonium sulfate was

added to the supernatant to a ®nal concentra-

tion of 1.5 M. The solution was then loaded

onto a Resource ISO column (Amersham

Bioscience) equilibrated with 50 mM sodium

phosphate buffer pH 7.0 containing 1.5 M

ammonium sulfate and eluted with a linear

gradient of ammonium sulfate. The fractions

containing GidAsmall were desalted using a

HiPrep 26/10 desalting column (Amersham
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Bioscience) and applied onto a Resource Q

column (Amersham Bioscience) equili-

brated with 20 mM Tris±HCl buffer pH 8.0.

GidAsmall was eluted with a linear gradient

of NaCl. Fractions containing GidAsmall

were pooled and concentrated by ultra-

®ltration. The concentrated solution was

eluted through a HiLoad 16/60 Superdex 75

pg column (Amersham Bioscience) equili-

brated with 20 mM Tris±HCl pH 8.0

containing 150 mM NaCl. The fractions

containing GidAsmall were concentrated to

7.2 mg mlÿ1 by ultra®ltration in solutions of

20 mM Tris±HCl buffer pH 8.0 containing

1 mM dithiothreitol. The ®nal preparation

appeared as a single band after SDS±PAGE

and was stored at 277 K.

2.2. Dynamic light-scattering studies

Prior to the experiment, the protein

samples were ®ltered with disposable

0.02 mm pore-size Anotop-10 inorganic

membrane ®lters (Whatman). The dynamic

light-scattering characteristics of the protein

solution were analysed using a DynaPro-

99-E50 molecular-sizing detector (Protein

Solutions) at 293 K. Data were analysed

using the DYNAMICS software (Protein

Solutions).

2.3. Crystallization

Crystallization conditions were initially

screened with the sitting-drop vapour-

diffusion method using Hampton Research

Crystal Screen I and Cryo at 293 K. Sitting

drops were prepared by mixing 1 ml protein

solution (7.4 mg mlÿ1 in 20 mM Tris±HCl

pH 8.0, 1 mM DTT) with 1 ml reservoir

solution on a microbridge (Hampton

Research). The 2 ml sitting drops were then

equilibrated with 500 ml of reservoir solution

at 293 K.

2.4. Data collection

Prior to data collection, crystals were

soaked for a few seconds in a mother liquor

containing 23% glycerol as cryoprotectant

and then mounted in the cryogas stream at

90 K. X-ray data were collected at the

synchrotron-radiation source at beamlines

BL45XU (Yamamoto et al., 1998, 2001) and

BL44B2 (Adachi et al., 1996) at SPring-8

(Harima, Japan). A data set of 360 imaging

frames was recorded using a MAR CCD165

detector system at a 115 mm crystal-to-

detector distance, with a 1� oscillation angle

and a 5 s exposure time per imaging frame.

All data were processed and reduced using

the HKL2000 package (Otwinowski &

Minor, 1997) and the CCP4 software suite

(Collaborative Computational Project,

Number 4, 1994).

2.5. Heavy-atom derivative search

More than ten different metal reagents at

concentrations of 0.1±10 mM and Xe gas

were used in the heavy-atom derivative

search.

3. Results

It is known that GidA binds FAD (White et

al., 2001). The puri®ed GidAsmall was yellow

in colour and showed absorbance from 370

to 500 nm, with peaks at 388 and 453 nm.

Dynamic light-scattering results indicated

the protein to be monodisperse and to have

a hydrodynamic radius of 2.4 nm and an

apparent molecular weight of 25 kDa,

suggesting that GidAsmall exists as a

monomer in solution.

Crystal Screen I (Hampton Research)

condition No. 6 (30% PEG 4000, 0.1 M Tris±

HCl pH 8.5, 0.2 M MgCl2) yielded small rod-

shaped crystals within a few days. After

re®ning the condition, crystals suitable for

Figure 1
Sequence alignment of GidA and GidAsmall from T. thermophilus HB8. Identical and conservative residues are
shaded black or grey, respectively.

Figure 2
A crystal of GidAsmall. (a) Rod-shaped crystals grown
under PEG 4000 conditions. The crystal has approx-
imate dimensions of 0.05 � 0.05 � 0.5 mm. (b) A
hexagonal prismatic crystal grown under magnesium
formate conditions, with approximate dimensions of
0.15 � 0.15 � 0.3 mm.

Figure 3
A Harker section (w = 1/3) of the Bijvoet difference
Patterson map calculated from peak data in the 15±
3.0 AÊ resolution range. Contours are drawn at 0.5�
levels, starting from 1�.
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X-ray analysis were obtained with a reser-

voir solution consisting of 29.7% PEG 4000,

0.31 M MgCl2 and 0.1 M Tris±HCl pH 7.6 at

293 K (Fig. 2a). The crystals diffracted to

1.90 AÊ . Crystal Screen I condition No. 44

(0.2 M magnesium formate) yielded a

hexagonal prismatic crystal (Fig. 2b) which

diffracted X-rays beyond 1.65 AÊ . The crystal

appeared after an incubation period of more

than a year and unfortunately was dif®cult

to reproduce. The data-collection statistics

are summarized in Table 1. These two types

of crystals both belong to trigonal space

group P3121 or P3221, with very similar unit-

cell parameters. Assuming the presence of

one molecule per asymmetric unit, the

crystal volume per unit of protein weight is

VM = 2.3 AÊ 3 Daÿ1, which corresponds to a

solvent content of 45.6% (Matthews, 1968).

Rod-shaped crystals were used for the

heavy-atom derivative search and crystals

soaked in 8 mM mercury chloride for 3.5 d

at 293 K gave interpretable peaks in the

Bijvoet difference Patterson map (Fig. 3).

For this Hg-derivative crystal, three wave-

lengths, 1.00750 (peak), 1.00855 (edge) and

1.0200 AÊ (remote), were selected on the

basis of an X-ray absorption spectrum at the

Hg LIII edge. A structure determination

using the MAD strategy based on the Hg-

atom position, con®rmed and re®ned with

SOLVE (Terwilliger & Berendzen, 1999), is

currently in progress.
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Table 1
Data-collection and processing statistics.

Values in parentheses are for the highest-resolution shell. The peak MAD data were collected last among the three
wavelengths. The peak data therefore have the lowest resolution as a result of radiation damage.

Hg derivative (rod-shaped crystal)

Low remote Edge Peak Native (prismatic crystal)

Wavelength (AÊ ) 1.0200 1.0086 1.0080 1.0000
Space group P3121 or P3221 P3121 or P3221
Unit-cell parameters (AÊ ) a = 78.62, c = 66.11 a = 78.62, c = 66.11
Resolution range (AÊ ) 40.0±2.50 (2.59±2.50) 40.0±2.50 (2.59±2.50) 40.0±2.70 (2.80±2.70) 40.0±1.65 (1.71±1.65)
No. observations 151287 105970 113425 1120529
No. unique re¯ections 15888 8226 6741 28463
Rmerge² (%) 9.9 (22.9) 9.8 (17.2) 9.5 (18.0) 4.1 (11.3)
Completeness (%) 100 (100) 96.8 (98.0) 99.0 (99.2) 99.1 (91.4)
hIi/h�i 28.5 (10.4) 30.1 (12.6) 32.2 (12.2) 98.2 (22.0)

² Rmerge = �Ph

P
i jIi�h� ÿ hI�h�ij=

P
h

P
i Ii�h�� � 100, where hI(h)i is the mean of the I(h) observation of re¯ection h.


