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Crystallization and X-ray diffraction data of a
tRNA®®¢ acceptor-stem helix

tRNAS is a UGA suppressor tRNA which co-translationally inserts
selenocysteine into proteins. Its eight-base-pair tRNAS® acceptor
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stem, which contains key recognition elements, was synthesized using
solid-phase phosphoramidite RNA chemistry. High-resolution X-ray
diffraction data were collected using synchrotron radiation under
cryogenic cooling conditions. The crystals diffract to a maximal
resolution of 1.8 A. X-ray diffraction data were processed to 2.4 A.
tRNAS® microhelix crystallizes in space group R32, with cell
constants a = 47.02, b = 47.02, ¢ = 373.03 A a=pB=90,y=120°.
The crystals contain three RNA molecules per asymmetric unit.

1. Introduction

Selenocysteine is referred to as the “21st amino
acid’ in in vivo protein biosynthesis. Seleno-
cysteinyl-tRNAS® inserts this amino acid into
proteins by a suppression mechanism at certain
UGA stop codons which are located in a
defined mRNA context (Zinoni et al., 1987
Leinfelder et al., 1988; Thormay et al, 1994).
tRNAS® is first aminoacylated with serine by
seryl-tRNA  synthetase. Seryl-tRNAS® s
converted to selenocysteinyl-tRNAS
(Sec-tRNAS®) by selenocysteine synthase, an
enzyme which replaces the hydroxyl group of
the tRNA-bound seryl residue by a selenol
group (Forchhammer, Boesmiller ef al., 1991;
Forchhammer, Leinfelder et al, 1991;
Forchhammer & Bock, 1991). Sec-tRNAS®
binds to elongation factor SELB (Forch-
hammer et al., 1989, 1990; Forchhammer,
Boesmiller et al., 1991; Forchhammer, Lein-
felder et al, 1991). This protein directs the
incorporation of selenocysteine at UGA
codons by Sec-tRNAS suppression. The
interaction between a defined stem-loop region
at the mRNA 3’ end and the SELB-Sec-
tRNAS® complex allows the suppression of the
UGA codon at the A site of the ribosome and
the co-translational insertion of selenocysteine
into the polypeptide chain.
Selenocysteinyl-tRNAS® has no binding
affinity for the canonical elongation factor
EF-Tu (Forster et al., 1990) but binds its own
factor with analogous function, SELB. The
determinants in tRNAS® which discriminate
between EF-Tu and SELB binding are located
on the aminoacyl stem of the RNA molecule
and are therefore responsible for tRNAS
identity. First, tRNAS® possesses an eight-
base-pair acceptor stem instead of the seven-
base-pair stem in elongator tRNAs (Baron &
Bock, 1991). Second, certain sequence motifs

and identity elements play a role in determi-
nation of tRNAS® identity (Rudinger et al.,
1996).

We wish to investigate a high-resolution
X-ray structure of the tRNAS*® aminoacyl stem
in order to compare its structure to the two
related serine-specific acceptor-stem helices
which were recently crystallized (Forster et al.,
unpublished work) and their structures solved
to atomic resolution (Miiller et al., 1999). High-
resolution structures of serine and selenocys-
teine tRNA microhelices will help in the
understanding of the molecular and structural
discrimination between elongation of ribo-
somal protein biosynthesis and suppression by
Sec-tRNAS, Also, we hope to contribute to
the understanding of tRNA-aminoacyl-tRNA-
synthetase interaction demonstrated by the
serine and selenocysteine system.

2. Materials and methods
2.1. RNA synthesis and purification

Both strands of tRNAS® microhelix were
synthesized using automated solid-phase
phosphoramidite RNA chemistry. Synthesis
was performed on an Applied Biosystems
synthesizer with the following Chemgenes
RNA phosphoramidites (Waltham, MA,
USA): 5-DMT-2'-tBD silyl-ribo adenosine
(N-benzoyl) CED phosphoramidite, 5'-DMT-
2'tBD silyl-ribo cytidine (N-benzoyl) CED
phosphoramidite, 5-DMT-2’-tBD silyl-ribo
guanosine (N-isobutyl) CED phosphoramidite
and 5-DMT-2’-tBD silyl-ribo uridine CED
phosphoramidite. 0.15 pmol of each amidite
was dissolved acetonitrile.
Synthesis was performed on a 1 pumol (64 step
cycle) CPG 500 A Chemgenes column
(Waltham, MA, USA). Deprotection took
place in 48 h at 310 K in 1 ml moisture-free

in water-free
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Table 1
Crystallographic and X-ray diffraction data for
tRNAS® acceptor-stem helix (SEC).

Crystal size (mm) 0.2 x 0.1 x 0.1
Cell axes (A) a=47.02,b=47.02,
¢ =373.03
Cell angles (°) a =90, B =90,
y =120

Space group . R32
Volume of the unit cell (A%) 714209
Molecular weight of 5019

the RNA helix (Da)
Vy (A*Da™") 2.64
RNA duplexes per 3

asymmetic unit
Radiation source Synchotron
Wavelength (A) 1.000
Detector 180 mm IP
Temperature (K) 100
Maximal resolution (/f\) 1.8
Resolution range (A) 39.8-2.4
Measurements 85053
Unique reflections 6716
Completeness (%) 100
Rerge (%) 108
Rqym (last resolution shell) (%) 38.5
Completeness (last resolution 100

shell) (%)

ethanolic ammonia. After taking an aliquot
for determination of the UV absorption,
both RNA strands were lyophilized. 10 pl
98% triethylamine hydrofluoride were
added per A,50 RNA and incubated for 72 h
at room temperature. After addition of 2 pl
H,O and 100 pl 1-butanol per A5 RNA at
253 K overnight and centrifugation at
13000 rev min ", all pellets were redissolved
in H,O. The yield of RNA was determined
by UV absorption (Sproat et al., 1995)

For crystallization, RNA strands were
purified by reversed-phase HPLC on an RP
18 column. Elution of RNA oligonucleotides
took place using a linear gradient of 1-15%
buffer B in buffer A at a flow rate of
1 ml min~! at 318 K, where buffer A consists
of 100 mM triethyl ammonium acetate
(Millipore water) pH 8.0 and buffer B is
100 mM triethyl ammonium acetate pH 7.5
in 80% acetonitrile. The purified RNA
oligonucleotides were lyophilized, resus-
pended in Millipore water and the yield
determined by UV absorption.

2.2. RNA hybridization and crystallization

The purified eight-base-pair complemen-
tary RNA strands were hybridized in water
at a concentration of 0.5 mM at 355 K and
slowly cooled to room temperature within
several hours to yield a tRNAS® acceptor-
stem duplex. Crystallization experiments
were performed using the hanging-drop
vapour-diffusion technique at 291 K. Very
small crystals (dimensions smaller than
0.05 mm) were achieved using the following
conditions: 1pl of 05mM tRNAS®
acceptor-stem duplex (SEC) added to 1 pl of

40 mM cacodylate pH 7.0, 12 mM spermine
tetrachloride, 40 mM lithium chloride,
80 mM strontium chloride and 10%/(v/v)
methyl pentanediol equilibrated against
1 ml 40% (v/v) methyl pentanediol reservoir
solution.

Crystallization conditions could be
improved to yield crystals with dimensions
02 x 0.1 x 0.1 mm by addition of 1 pl
0.5mM SEC to 1 pl 40 mM cacodylate pH
7.0, 12 mM spermine tetrachloride, 80 mM
sodium chloride, 12 mM potassium chloride,
20 mM magnesium chloride and 10%(v/v)
methyl pentanediol equilibrated against
1 ml 40% (v/v) methyl pentanediol.

2.3. Crystallographic data collection and
evaluation

X-ray diffraction data were recorded at
the Trieste synchrotron station ELETTRA,
X-ray diffraction beamline 5.2R at 100 K
with frozen crystals under cryogenic cooling
conditions at a wavelength of A = 1.000 A.
Data were detected on a MAR Research
180 mm imaging-plate system. Two data sets
were collected: high-resolution X-ray
diffraction data were collected in the reso-
lution range 20.0-1.7 A and a low-resolution
data set was collected in the range 40.0-
3.0 A. Data processing, determination of
space groups and unit-cell parameters were
performed with the programs DENZO and
SCALEPACK (Otwinowski, 1993).

3. Results and discussion
3.1. Crystallization

The eight-base-pair sequence of the
chemically synthesized tRNAS® acceptor-
stem helix is shown in Fig. 1. Crystals
appeared within 14 and 21 d at 291 K. The
dimensions of the largest crystals are 0.2 x
0.1 x 0.1 mm. They show a rhombohedral
morphology with angles « = 90, 8 = 90,
y = 120°, as can be seen in Fig. 2.

SEC

G-C
A-U
A-U

AU
U-A
-G

Figure 1
Sequence of the eight-base-pair tRNAS® acceptor-
stem duplex (SEC; Steinberg e al., 1993).

3.2. Crystallographic and X-ray diffraction
data

tRNAS® microhelix crystallizes in the
rhombohedral space group R32. The space
group can be clearly correlated to the crystal
morphology of the tRNAS® microhelix.
Crystallographic data are given in Table 1.
With a molecular weight of 5019, and
assuming three RNA duplexes per asym-
metric unit, the V), value according to
Matthews (1968) can be calculated to be
2.64 A® Da~' (Table 1). Portman et al. (1995)
have recently published the X-ray structure
of an eight-base-pair RNA duplex which, in
addition to a hexagonal form, also crystal-
lizes in this rhombohedral space group. This
space group could be a general feature for
octamer RNA-duplex crystallization.

The maximal resolution for the tRNAS®
microhelix crystal was 1.8 A. Data in the

et \
‘——._.___________-_
(b)

Figure 2

Crystals of tRNAS® acceptor-stem helix show a
rhombohedral morphology, which can be correlated
to the space group R32. The size of the crystals is 0.2
x 0.1 x 0.1 mm. Photographs were taken from two
different crystal orientations.
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resolution range 39.8-2.4 A were processed
after merging the high-resolution and low-
resolution data sets. All X-ray diffraction
data are listed in Table 1.The overall
Rierge 18 10.8% (Table 1; Rperee
Do =)/ > 1;, where I; are the
measurements contributing to the mean
reflection intensity, ([;)). Crystallization
time, space group, unit cell and resolution of
X-ray diffraction data differ clearly from the
two seven-base-pair serine-specific tRNA
microhelix crystals (Forster et al, unpub-
lished work). We believe this can be
explained by the different length of the
seven- and eight-base-pair RNA helices
which can be compared with other crystal-
lized RNA oligonucleotides with these
lengths (Ott et al, 1996; Portman et al.,
1995).

By solving the X-ray structure of the
tRNAS® microhelix, we wish to contribute
to the understanding of the SELB-Sec-
RNAS interaction and the rejection of this
tRNA by EF-Tu. Structural investigations of
the tRNAS® acceptor stem may help to

obtain information about the special struc-
tural elements of this RNA and therefore
contribute to the understanding of co-
translational selenocysteine incorporation.
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