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Crystals of the chemically synthesized acceptor stem of tRNA*" from Escherichia coli diffracting to

high resolution

GUNTHER OTT,” SILKE DORFLER,“ MATHIAS SPRINZL,“* UWE MULLER” AND UDO HEINEMANN? ar “Laboratorium fiir Biochemie,
Universitit Bavreuth, Universititsstrasse 30, 95447 Bayreuth, Germany, and " Forschungsgruppe Kristallographie, Max-
Delbriick-Centrum fiir Molekulare Medizin, Robert-Rossle-Strasse 10, 13122 Berlin, Germany

(Received 21 August 1995, accepted 8 January 1996)

Abstract

The acceptor stem of tRNA™® from E. coli has been
chemically synthesized and crystallized. This duplex contains
a G-U base pair in position 3-70, which is the main identity
element for alanyl-tRNA synthetase from E. coli. The crystals
are stable in the X-ray beam for a long period of time and
diffract to 1.7 A resolution. The monoclinic crystals reveal a
C2 space group with a=3S5.0, b=475, ¢=262A,
A =102.3 and one acceptor stem per asymmetric unit.

1. Introduction

The translation of the genetic code into proteins is established
by the recognition of transfer RNA's by their specific
aminoacyl-tRNA synthetases and by the correct codon-
anticodon interactions. The sites of the tRNA which are
recognized by the synthetase can vary between the tRNA
species. In the case of tRNA™: from E. coli, a single G-U base
pair in the acceptor helix is the major identity element for the
interaction with the synthetase (Hou & Schimmel, 1988).
Even the complete substitution of the anticodon of this tRNA
has no influence on the aminoacylation with alanine (Hou &
Schimmel, 1988). In addition it could be demonstrated that
short hairpins, composed of just the seven base pairs of the
acceptor stem (Francklyn & Schimmel, 1989) or the first four
base pairs of this stem alone, stabilized by a tetra loop (Shi,
Martinis & Schimmel, 1992), are substrates for the corre-
sponding synthetase.

At present only several crystal structures of tRNA's
(Moras, 1989) and three high-resolution structures of tRNA’s,
complexed with their specific synthetase, are known (Rould,
Perona, Soll & Steitz, 1989; Ruft er al., 1991; Biou,
Yaremchuk, Tukalo & Cusack, 1994). Moreover, only a
few short RNA molecules were analyzed by X-ray crystal-
lography (Baeyens, De Bondt & Holbrook, 1995; Betzel er
al., 1994; Cruse et al., 1994; Leonard et al., 1994; Holbrook,
Cheong, Tinoco & Kim, 1991; Dock-Bregeon er al., 1988;
Schindelin et al., 1995; Portmann, Usman & Egli, 1995). One
reason for few structural investigations of short RNA's was
the lack of a suitable method to produce large amounts of
RNA for a long time. This problem was solved by the
introduction of the rerr-butyldimethylsilyl protection group for
the 2’-hydroxyl of the ribose (Ogilvie, Theriault & Sadana,
1977) in combination with either the phosphoramidite
chemistry (Usman, Pon & Ogilvie, 1985) or the H-phos-
phonate chemistry (Garegg, Lindh, Regberg, Stawinski &
Stromberg, 1986).

We focused our interest on crystallization and X-ray
analysis of the acceptor stem of tRNAA® from E. coli, which
was recently characterized by NMR spectroscopy (Limmer,
Hofmann, Ott & Sprinzl, 1993; Ott, Arnold & Limmer,
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1993). This acceptor stem consists of a seven-base-paired
double helix (Fig. 1) with a G-U base pair in position 3 of the
helix. According to Hou & Schimmel (1988) this G-U base
pair is the major identity element in tRNA** from E. coli and
its replacement by other base pairs abolishes the aminoacyla-
tion with alanyl-tRNA synthetase from E. coli. Some of the
RNA duplexes investigated by X-ray spectroscopy also
contain one or more G-U base pairs. Often these G-U pairs
were stabilized by a bridging water molecule, between the
unpaired guanine amine and the ribose hydroxyl of uracil. in
the minor groove of the RNA (Holbrook et al., 1991; Cruse et
al., 1994), resulting in only a small distortion of the A-RNA
sugar-phosphate backbone. The G-U base pair, as the major
identity element of tRNAM* in contrast is embedded in a
certain base-pair context which is also important for the
recognition of the synthetase. In addition the replacement of
this G-U base pair with a G-A, C-A or U-U wobble pair had no
influence on the identity of tRNA®? (McClain, Chen, Foss &
Schneider, 1988). Therefore, it seems that this G-U base pair
leads to an irregularity in the helix of the acceptor stem of
tRNA*  which should be recognized in the three-dimensional
structure of the chemically synthesized RNA.

2. Methods

Both strands of the acceptor stem were prepared in milligram
quantities by automated chemical synthesis on a Gene
Assembler Plus (Pharmacia) using 2'-fert-butyldimethylsilyl
protected H-phosphonate monomers as described (Ott et al.,
1994). Purification was carried out by denaturing polyacryl-
amide gel electrophoresis. Crystals were grown at 298 K using
the hanging-drop vapor-diffusion method. The 5-10pl
droplets contained 1mM of the RNA duplex in 12.5mM
sodium cacodylate pH 6.5, 50mM MgSO,, 6%(v/v),
2-methyl-2 4-pentanediol (MPD) 1mM of spermine and
were equilibrated against 1 ml of 35-45%(v/v) MPD in the
same buffer.
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Fig. 1. Acceptor stem of tRNA*" from E. coli with the G-U wobble
base pair in position 3-70. The numbers of the bases are according
to Steinberg, Misch & Sprinzl (1993).
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