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Crystallization of Escherichia coli Aspartyl-tRNA synthetase in its free state and in a complex

with yeast tRNAASP
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Abstract

Overexpressed dimeric E. coli aspartyl-tRNA synthetase
(AspRS) has been crystallized in its free state and complexed
with yeast tRNA*P. Triclinic crystals of the enzyme
alone (a=104.4, b=1074, c= 1350 A, 0 =102.9, .3 = 101.0,
~ =106.3°), have been grown using ammonium sulfate as
the precipitant and monoclinic crystals (a=127.1, b=163.6,
c=140.1 A, 3=111.7°), space group C2, have been grown
using polyethylene glycol 6000. They diffract to 2.8 and 3.0 A,
respectively. Crystals of the heterologous complex between
E. coli AspRS and yeast tRNA have been obtained using
ammonium sulfate as the precipitant and 2-propanol as the
nucleation agent. They belong to the monoclinic space group
P2) (@=76.2, b=2273, c=823A, 3=111.7°) and diffract
o 2.7A.

1. Introduction

Aminoacyl-tRNA synthetases (aaRS’s) catalyse the aminoacy-
lation of their cognate tRNA molecules in a highly specific
two-step reaction. These enzymes can be partitioned into two
classes of ten members, each class being characterized by a
different mode of ATP recognition associated with active-site
domains of distinct topology (for review see Carter, 1993;
Moras, 1992).

Aspartyl-tRNA synthetases (AspRS’s) are class II enzymes
and aminoacylate their cognate tRNA's on the 3’ hydroxyl
group of the terminal ribose (Eriani, Delarue, Poch, Gangloff
& Moras, 1990). The crystal structures of yeast AspRS
complexed with yeast tRNAA* (Cavarelli, Rees, Ruff, Thierry
& Moras, 1993; Ruff et al., 1991) and of Thermus thermophilus
AspRS alone (Delarue et al., 1994) confirm the modular
organization of these enzymes already shown by sequence
analyses and three-dimensional structures of other aaRS’s.

In addition to the active-site domain, common to all class II
aaRS’s, two domains can be identified. An N-terminal domain,
which is common to both eukaryotic and prokaryotic AspRS,
is involved in the specific recognition of the anticodon loop
of tRNA™"  An additional domain of variable size, whose
function is only partially understood, is inserted between two
conserved motifs of the catalytic module.

Recently, major functional and structural differences have
been observed between eukaryotic and prokaryotic AspRS’s
(Cavarelli er al., 1994; Poterszman et al., 1993). Yeast
AspRS will cfficiently aspartylate E. coli tRNA™P, but E.
coli AspRS is almost completely inactive in the presence of
yeast tRNAP (Martin et al., 1993). All prokaryotic AspRS’s
have been shown to possess a large additional domain absent
in eukaryotic enzymes (Delarue er al., 1994).
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Structural data derived from the crystals presented here will
complement our present knowledge on AspRS’s since high-
resolution diffracting crystals of E. coli AspRS complexed
with £. coli tRNA®P and yeast AspRS complexed with yeast
t(RNA** have already been obtained and their structures solved
(Eiler et al., 1992; Ruff et al., 1991). Structures of the native
enzyme alone, of the homologous complexes and of the
poorly efficient heterologous complex with yeast tRNA®Y
are essential to elucidate why eukaryotic and prokaryotic
aspartylation systems behave differently and to design
molecules specifically recognizing prokaryotic AspRS’s.

2. Experimental
2.1. Materials

For the production of E. coli AspRS, the E. coli strain JM83
was transformed with the plasmid pBluescript-aspS containing
the E. coli aspS gene and its flanking regions (Eriani, Dirheimer
& Gangloff, 1990). DEAE Sephacel was from Pharmacia-
LKB and TSK HW65(S) from Merck. Yeast tRNAAP
was purified from bulk tRNA isolated from the brewer’s
yeast Saccharomyces cerevisiae (Boehringer Mannheim) using
counter-current separation technique and two chromatographic
steps (Dock et al., 1984): a DEAE column followed by an
inverse ammonium sulfate gradient using Phenomenex Porex
SC4 preparative scale high-pressure liquid-chromatography
column.

2.2. Purification of aspartyl-tRNA synthetase

An overnight culture of 41 of LB medium containing
200 pg ml ' ampicilin yielded 20 g of cells (wet weight) which
were suspended in 100 ml of a buffer solution containing
100 mM Tris-HCI pH 8, 10 mM MgCl, and 1 mM EDTA and
then disrupted by sonication. After centrifugation (105 000g
for 120min), E. coli AspRS represented about 30% of
the total amount of protein. The extract was loaded on a
DEAE Sephacel column (,> =55 mm, A = 125 mm), previously
equilibrated with 20 mM potassium phosphate pH 7.5 at
a flow rate of I mlmin' and washed with one column
volume of the equilibration buffer. The proteins were then
eluted by a linear salt gradient of 1600 ml (20 to 250 mM
potassium phosphate pH 7.5) at a flow rate of 2mlmin '.
The fractions from the DEAE column showing AspRS activity
(230 mg of total protein) were pooled and concentrated to
12.5 ml in a 50 mM Tris—HCI pH 7.5 butfer containing 1.6 M
ammonium sulfate using an Amicon concentrator with a YM30
membrane. The concentrated protein solution was then loaded
at a flow rate of 1 mlmin~' onto a Fractogel TSK HW
65(S) column (=26 mm, A =320 mm) equilibrated with a
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buffer solution containing 50 mM Tris—=HCI pH 7.5 and 2.4 M
ammonium sulfate. The column was subsequently eluted at
a flow rate of 2mlmin"' with a linear reverse ammonium
sulfate gradient from 2.4 to OM over 2400 ml. The AspRS
fraction, eluted at 1.2 M ammonium sulfate, contained 120 mg

SHORT COMMUNICATIONS

of pure protein as judged from a highly loaded sodium dodecyl
sulfate—polyacrylamide electrophoresis gel (SDS-PAGE). The
enzyme is stored at 277 K after precipitation with 3 volumes
of 3.6 M ammonium sulfate buffered at pH 7.5 with 200 mM
Tris—H2S50s4.
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Fig. 1. Influence of NaCl concentration on the crystallization of E. coli AspRS using PEG 6000 as the precipitant. Results obtained from
240 assays by screening [AspRS], [PEG]. [NaCl] and pH showed that [NaCl] was a sensitive parameter. The pictures show typical results
obtained at pH 7 with fixed [AspRS] (50 mg ml™"), [PEG] (16%) and various [NaCl): (@) [NaCl] = 100400 mM, (b) [NaCl] = 200-500 mM,
(c) [NaCl] = 400-800 mM, (d) [NaCl] = 600-1200 mM, (e) [NaCl] = 1000-1600 mM, (f) [NaCl] = 1400-2000 mM.









