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1. Introduction 

A comparative electron micro~opic~ analysis of 
~bonuc~eoprotein particles containing the ribosomal 
16 S RNA and different sets of proteins provided evi- 
dence that the 16 S RNA plays the key role in the for- 
mation of the unique tree-d~ension~ structure of 
the ribosomal30 S subunit. It has been shown that the 
16 S RNAin the complex with only four proteins, S4, 
S7, S8 and S1.5, retains all the main features of the 

30 S subunit morphology [ 11. The 16 S RNA-protein 
S4 complex has a specific V-shaped structure which is 
well inscribed into the 30 S subunit contours [2]. 
Finally under certain ionic conditions the 16 S RNA 
without any proteins is capable of selfpacking with 
the formation of a similar compact V-shaped structure 
which could serve as a ready three-dimensional frame- 
work for the arrangement of ribosomal proteins [3,4]. 

Here, we report the results of an electron micro- 
scopical study of the 23 S RNA from the large sub- 
unit of Escherichiu coli ribosomes. It has been shown 
that the 23 S RNA molecuIes are capable of acquiring 
a specific compact conformation which is morpholog- 
ically close to intact 50 S subunits. 

2. Materials and methods 

The rRNA was obtained from once-pelleted 
unwashed E. co& MRE 600 70 S ribosomes by splitting 
off the proteins in 3 M LiCl with 4 M urea [5,6]. The 
total RNA was dissolved in buffer containing 10 mM 
Tris-HCI @H 7.0) 100 mM NaCl, 1 mM EDTA and 
fractionated by ultracentrifugation in 5-30% sucrose 
gradient (Spinco SW 27 rotor, 26 000 rev./min, 20 h). 
The isolated 23 S RNA was re-precipitated 3 times in 
an ethanol-50 mM ~monium acetate mixture, 2: 1 
(pH 5.5) and stored at -10°C. The protein contamina- 
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tion in the 23 S RNA preparations, as determined 
following [7] with some m~i~catio~ [$I, was <I%. 

Before the experiment, the RNA was pelleted by 
centrifugation at 10 000 X g for 10 min. The RNA 
pellet was dissolved either in 50 mM NH&H&OO- 
IO mM Mg(CHsC00)2-1 M ethanol, (pH 7.5) (buff- 
er 1) or in the same buffer with 2 mM spermidine. 
The RNA concentration was adjusted to 0.25 AZ60 
units/ml. The RNA solution was heated for 10 min at 
40°C. After l-2 h the solution was clarified by cen- 
trifugation for 15 min at 20 000 X g and then used 
for the experiment, 

The 23 S RNA was prepared for electron micros- 
copy using the technique of fast freezing to the liquid 
nitrogen tem~rat~e and high resolution shadowing 
with tungsten-40% rhenium as in [9]. The grids were 
placed at 26” to the atomic beam. The thickness of 
the metal layer was 10 a in the direction of ~adowing 
(i.e., -5 A on the specimen surface) as measured with 
a quartz crystal oscillator. The preparations were exam- 
ined in a JEM-IOOC electron microscope equipped 
with a liquid nitrogen ~ti-cont~~ation trap. Elec- 
tron micrographs were taken at 80 kV accelerating 
voltage, with a 25 pm objective aperture and a magni- 
fication of 60 000. The grids were inserted in the 
electron microscope so that the specimen faced the 
electron source. The plates were printed with the 
emulsion away from photographic paper. 

3. Results and discussion 

~el~~a~ experiments were performed to deter- 
mine optimal conditions which provide the maximum 
compactness of the 23 S RNA in solution. We found 
that the conformation of the 23 S RNA is greatly 
affected by poly~~es, in the first place by sperm- 
idine. Sedimentation behaviour at moderate ionic 
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Sedimentation 

The other type of the 23 S RNA images +t*. 2 in 
fig.31 is very similar to the ‘kidney” view of th% SO S 
subunit The third type of images looks like ‘slit” view 
of the SQ 9 subunit, which was described In [X 21, 

I~NB, ihese micrographs demonstrate simhily 
in the averah shape and dimensions between the I?.3 S 
RNA mdacule in the compact conformation and the 
SD S subuniL The$r common structural feature is the 
centra3 ~~ot~b%~~~e. Qur data on the 15 S RNA [3] 
and &e 23 S RNA .&o&v that the both h~~~~r r&o- 
somal RN&& Vt?~.ahou? nhosom~ protenrs, are ~a~a~~% 
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Fig.2. Electron micrographs of 23 S RNA preparations freezedried in vacuum. Shadowing with tu~sten-40% rhenium. Ratio of 
the shadow length to the object height is -2: 1. The metal cap is 10 A thick. (a) 23 S RNA in buffer 1 (s&-,~ = 3 1 .O c 0.5 S); (b) 
23 S RNA in buffer 1 containing 2 mM spermidine (~~0,~ = 34.0 f 0.5 S); bar = IO00 A. 

Fig.3. Main types of electron micrographical images of 23 S RNA molecules in a compact form 
and their schematic ~terpretation; bar = 500 A. 
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Fig.4. Comparison of the dimensions and shape of the 50 S 
subunit (left) and the compact 23 S RNA molecule (right) in 
crown view. 

of forming a specific compact structures, which reflect, 
in the main, the threedimens~on~ org~ization of the 
ribosomal subunits. 

Most recently, an electron microscopy analysis of 
rRNAs prepared under reconstitution conditions 
(from the buffer containing 20 mM Tris-HCl (pH 7.6), 
4 mM Mg”, 400 mM NH,Cl) has been done [ 111. 
The freeze-drying and the shadow-cast technique also 
was used in this study. irregular structures with some 
domains, such as presented in fig.2a, were found in 
the (23 S + 5 S) RNA preparation. The 16 S RNA 
molecules were described as empty baloons with a 
smooth surface and a diameter of 180 A. Two com- 
ments should be done in connection with these results. 

(1) 

(2) 

Washing with water of the rRNAs absorbed on 
the carbon film was used. This seems to be a very 
drastic treatment for such a polyelectrolyte as 
RNA and can result in a great distortion of its 
structure 
Some amount of the elongated and V-shaped par- 
ticles similar to those described by us [3] can be 
detected in fact on the micrograph of the 16 S 
RNA preparation (see fig. 1 in [ 1 I]). 
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