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Crystals of 70S ribosomes from thermophilic bacteria are suitable

for X-ray analysis at low resolution
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Single crystals of 70S nbosomes from Thermus thermophiius and from the wild-type and a mutant of Bacilius stearothermophiius
have been obtamned. Using synchrotron X-ray beam, these crystals diffract ta 19 A and 35 A, respectively, and can be irradiated at
tempetatures of 110-120 K for days without noticeable decay Daffraction data sets to 22 A and 10 33 A with reasonable R scale were
collected from the crystals of 708 from T thermophilus The cell dimensions (« == b =524 A, ¢ = 315 A). the symmetry (P4,2,2 or
P4,2,2) and the density (1 063 g/cm’) of these crystals indicate that there 15 one 705 rbosome per asymmetne unil

1. Introduction

We have previously grown three-dimensional
crystals of 708 ribosomes from E. coft [1]. At that
time the crystals were too small for analysis by
X-ray crystallography. However, positively stained
thin sections of these crystals could be investi-
gated by electron mucroscopy and revealed rea-
sonable mternal order [2]. This sttmulated further
efforts aimed at obtaining better crystals of 708
ribosomes from various bacterial sources. Based
Oon our previous experience 1 growing crystals
suitable for X-ray studies from ribosomal subunits
of halophilic or thermophilic bacteria, we chose to
attempt the crystallization of 708 nbosomes from
these sources. These appear to be rather stable
during the preparation and the crystallization.

The growth of three-dimensional micro-crystals
of ribosomes from two thermophilic bactena.
namely Bacillus stearothermophilus [3] and Ther-
mus thermophilus [3.4], were reported two years
ago. Relinement of the growth conditions resulted
in larger crystals which are suitable for X-ray
crystallographic analysis at low resolution.

2. Experimental procedures

Intact 70S nbosomes and their 50S and 30S
subumts were prepared and their homogencity
and activity were tested as described earlier [3.5].
Hybrid 708 particles were prepared with 30S sub-
units from E cofi and 308 subunits from B
stearothermoplilus and kept in H-I buffer [5] with
10mM MgCl,.

All crystals were grown within 6-10 days by
vapor diffusion in hanging drops using Linbro
dishes at 19°C. Crystals of 708 nbosomes from
B stearothermophilus and of the hybrid 70S par-
ticles grew from solution contaiming H-1 buffer at
pH =76, 10mM-15mM magnesium chloride,
0.2M-0.6M potassium chlonde, 0.5M ammonium
(chlonde or sulfate, respectively) and 2.5% (1.5%
in the mual drop) polyethylene glycol (average
MW 10000 and 6000, respectively). For obtaining
large crystals we added 1.5mM of B-octyl gluco-
side to the crystallization drop of the 705 mnbo-
somes, or 15 mM cadmuum acetale and 4mM zinc
chloride to the drop contaiung the *“hybnd”
Crystals of 7058 nbosomes from 7T thermophilus
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grew from solutions containing the same (H-I)
buffer at pH = 6.6, 2mM--10mM spermidine,
which were equilibrated with a reservoir of 15%—
18% MPD (2,5 methylpentanediol)

To establish the nature of the rbosomal par-
ticle which had been crystallized, we washed sam-
ples of each of the crystals thoroughly n stabiliza-
tion solutions, which contained the crystallization
agent at lmgh concentration, and then dissolved
them in the storage buffer of the ribosomes (H-I).
These solutions were characterized by sucrose
gradients and checked for n vitro biochemical
activity with the poly(U) test [3,5].

Crystallographic studies were carried out with
synchrotron radiation on beamling X11 of the
EMBL cutstation at DESY (Hamburg, Germany).

For mitial characterization, the crystals were
placed 1in X-ray capillaries and examined at 277
K. Data collection was performed on crystals
mounted on glass spatulas [6] and maintained at a
temperature of 110-120 K during the entire period
of data collection. For data collection we used the
Enraff-Nomus rotation camera with crystal-to-
m distances ‘of 300-700 mm (through a helium
»ath) and X-ray wave length of about 1.5 A.

3. Results and discussion

Figs. 1 and 2 show the crystals of the complete
708 nbosomes from B. Stearcthermophilus and T
thermophilus, respectively. The conditions of the
growth of crystals of 708 nbhosomes from wild-type
B stearothermophilus were found to be swtable
for growing crystals of ribosomes obtained from a
mutant of these bacteria in which the ribosomal
protein BL11 1s missing. We have shown earher
that 50S ribosomal subunits from this mutant
crystallize 1somorphously with those of the wild-
type 308 subunit [7,8]. We are using the mutant
particles to introduce specifically bound heavy-
atom clusters into the crystals of the 50S subumt
[9].

In contrast to our crystals of the large and
small ribosomal subumts, wlich diffract X-rays to
45-11 A [8,10--13], the crystals of 708 ribosomes
diffract X-ray to rather low resolution (35 A for
those from B stearothermophitus and 18 A for
those from T thermophilus, fig. 3). Interestingly,
we have observed earlier that the resolution limit
of the two-dimensional sheets of 70S ribosomes
from B. stearothermophilus was significantly lower
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Frz 1. (a) Crystals of 705 nibosomes from Baciilus stearothermophulus Bar 0.1 mm. (b) Sucrose gradient profiles of (left) the matenal
used for crystalhization, and (right) of the dissolved crystals shown 1n (1)
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Fig 2 (a) Crystals of 705 nbosomes from Thermus thermophiius Bar 01 mm (b) Sucrose gradient profiles of (left) the matenial used
for crystallization. and (right) of the dissolved crvstals shown 1n {a)

than that of the sheets of 508 ribosomal subunits
from the same source (47 A and 28 A. respectively
[14.15D.

Like all other crystals of mbosomal particles
grown so far in our laboratory. the crystals and
the two-dimensional sheets of the 705 nbosomes

were obtained from functionally active particles.
In fact, the 708 ribosomes used for crystallization
have been 1solated from loganthmically growing
cells as “tight couples™ and have never been disso-
clated 1 vitro It would be reasonable 10 expect
that some of the particles in the preparation re-

Fig 3 Diffraction patterns recorded for a 3% rotanion of the crystals shown in fig 2, under the conditions deseribed in scetion 2
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mam bound to other components of protein bio-
synthests, such as tRNA molecules, 1mitiation,
¢longation or termunation factors. fragments of
mRNA or of the growing protein chain. There-
fore, the preparations used for crystallization were
frobably rather heterogeneous. This mught be the
case for the low resolution of the diffraction of
tiese crystals.

To obtain a more homogeneous population, we
sttempted to crystallize mbosomal particles which
Fad been assembled from purified large and small
sabumts. We chose to concentrate our efforts on
708 assemblics which show high biological activ-
1y, including hybrid 708 particles composed of
S0S subumts from B stearothermophifus and 308
sibumits from E cofi. Crystallizaton of the hvbnd
farticles was carried out under cond:tions close to
tiose used for tesung their biological activity but
vith a higher Mg®' concentration (up to 15SmM).
These experiments yielded large and well-shaped
crystals (fig. 4). However, 1n contrast to crystals of
73S nbosomes grown [rom “ught couple”™ pre-
rarations, the dissolved crystals of *“hybnd™ par-
t cles migrated as 50S subunits (and their dimers)
cn sucrose gradients. with no sign of 70S or 308
rarticles (fig. 4b). These results are consistent with

our earlier observation that 508 subunits exhibit
high tendency to crystallize [13.16] and show that
the crystallization of 508 subunits can take place
cven 1n the presence of 30S subunits. These ob-
servations may indicate that the interparticle n-
teractions within the 508 crystals are stronger than
the affimty between heterologous large and small
subumts in the absence of other components of
protein synthesis. Studies of natural aggregates of
eukaryotic nbosomes [17,18] have suggested that
the large subunits of these mbosomes also interact
strongly under some physiological conditions.

Crystals of the 708 particles from T thermo-
philus appear as bipyramids with smooth edges
and reach a size of 0.3 X 0.3 x 0.2 mm® (fig. 2a).
Crystallographie data have been collected photo-
graphically using a well columated synchrotron
X-ray beam (fig. 3). The crystals have P4,2,2 or
P4,2,2 symmetry, with unit cell dimensions of
a—bh=324 A, c=315 A,

A common feature in the diffraction patterns of
crystals of mibosomal subunits 15 that the reflec-
tions of Bragg resolution higher than 15-20 A
decay within a few munutes of wrradiation of 0
19° C. In contrast. reflections with the lower reso-
lution can be detected even after 20—30 exposures.

\ r \ \ (dimers)
\ 30s JI \ \n. }I

F g 4 (u) Crystals of 508 subumits from Baciilus stearothermaphilus grown from preparations hybnd 70S particles as described n the
text Bar 01 mm (b} Sucrose gradients profiles of (left) the matenal used for crystallizauon. and (right} of the dissolved crystals
shown in (a)
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The crystals of the 705 nbosomes showed no
exception, and 1n this respect they behave sinmu-
larly to the crystals of the 30S and the 508 nbo-
somal subunits [6,7,19,20]. Therefore at the cur-
rent resolution of about 19 A, the crystallographic
data could have been collected in capillaries at
ambient temperature. However, 1t was found to be
more convement (o collect the data at cryogenic
temperatures, since under these conditions a com-
plete diffraction data set could be obtaned from a
single crystal. In addition, it is possible to preserve
wradiated crystals in sohd propane, at the temper-
ature of liquid nitrogen, for long periods {months)
for further mnvestigation [21].

For the cryogemic pre-cooling treatment of
crystals of the 708 mbosomes, 1t was essential to
modify shghtly the procedures used by us for
crystals of other mbosomal particles [6,8.11]. Be-
fore cooling, the crystals of the 708 mbosomes
were transferred to a solution which contamed in
addition to the components of the stabihizing solu-
tion, 30% MPD which served as an “anti freeze”
and also caused a shght increase in the viscosity of
the solution. Unlike all other crystals of ribosomal
particles, those of the 708 nbosome from 7. ther-
mophilus are not thin enough to fit into double-
layer (“sandwich™) spatula [11]. Therefore, after
immersieon 1n the viscous stabilization solution for
a few manutes, the crystals were mounted on
single-layer spatulas [6.11]. These Spatulas were
constructed from very thin glass plates of a sizc
comparable to the dimensions of the crystal, glued
to short glass rods, which were soldered to brass
pins used for mounting on goniometer heads. The
mounted crystals were nstantaneously cooled in
liqmd propane. and transferred 1n propane to the
X-ray camera, where they were kepl 1n a stream of
nitrogen gas (at 110-120 K) throughout the entire
period of data collection.

Two diffraction datasets were collected from
crystals of 705 nbosomes from T thermophilus.
One to 33 A and the other to 22 A resolution. The
effective angular width of the reflections was found
to be 1.6°. The data to 33 A resolution were
collected as a series of 9° rotations, the 22 A data
were collected with 3° rotanions. There were 2820
fully recorded significant observations (intensities
greater than 20) 1n the former data set and 8000

1 the latter. These were reduced to 580 umgquc
reflections, or 80% of the possible reflections to 33
A and 1800 reflections comprising 80% of the set
o 22 A, with merging R-factors (on T) of 125%
(1o 33 A) and 6.9% (10 22 A).

The approximate shape of the 708 nbosome
has been recently reconstructed at very low resolu-
ticn (about 47 /0%) from Fourier transformation of
electron micrographs of several tilt seres of nega-
tively stained two-dimensional crystalline sheets
[13.15]. Using this information, together with that
obtamed by other physical methods [22,23] and
from the measured density of the crystals (1.063
g/cm’), we can conclude that there 15 probably
one rbosome i each asymmetric unit, and that
about 50% of the volume of the unit cell 1s solvent.
Similar results have heen obtained by electron-mi-
croscopy investigations of posiuvely stamned thin
sections of Epon-embedded crystals [3]. 1t 15
noteworthy that these sections show rather regular
packing, huinung that the internal order of these
crystals may actually be somewhat better than
currently expressed 1n the X-ray patterns,

This paper demonstrates that crystals of 708
ribosomes of T thermophilus are suitable for data
collection at about 20 A resolution. At this resolu-
tion a rehiable model of the overall shape of the
ribosomes should be revealed.
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