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Structure of the rat liver ribosome 40 S subunit: freeze-drying and 
high-resolution shadow casting 
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Small ribosomal subunits from rat liver have been studied by electron microscopy using freeze-drying and high-resolution 
shadow casting. The absolute hand of the asymmetric subunit has been determined and its three-dimensional model with 
a ‘right’ location of the side protuberance has been constructed. The results evidence that pro- and eukaryotic ribosomes 

have a unique and principally similar structural organization. 
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1. INTRODUCTION 

Information about the three-dimensional struc- 
ture of ribosomes is a prerequisite for localization 
of functional sites of these particles. In the case of 
the eukaryotic small ribosomal subunit the models 
of their three-dimensional structure derived from 
electron microscopic studies differ in fine structure 
and handedness [l-6]. The models proposed by 
Sabatini and co-workers [ 1,4] and by Kiselev et al. 
[3] show only few structural features, whereas 
those proposed by Lutsch et al. [2,5] and by 
Boublik et al. [6] are more detailed with respect to 
their profile and substructure. On the other hand, 
most of the models are ‘right-handed’, whereas 
that of Lutsch et al. [2,5] is of the opposite 
handedness. The different models have been de- 
rived from investigations of negatively stained 
specimens [l-3,6] as well as from a comparison of 
negatively stained particles with those critical- 
point-dried and shadowed [4]. 

In order to get a more uniform picture about the 
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structure of the 40 S ribosomal subunit, specimens 
from rat liver have been reinvestigated by freeze- 
drying and high-resolution shadow casting. It has 
been shown that the 40 S particle possess a right- 
handed structure. On the other hand, the shape 
and surface features of the model proposed by 
Lutsch et al. [2,5] could be confirmed and more 
precisely determined by an independent method. 

2. MATERIALS AND METHODS 

Small ribosomal subunits have been prepared as described in 
[7]. Negative staining was performed with 1% uranyl acetate 
(uncorrected pH) using a single-layer carbon technique [8]. 
Freeze-drying and shadow casting were done as described in 191. 
The specimens were washed before freeze-drying in a buffer 

containing 50 mM NHdAc, 6 mM MgAc, 1 M ethanol, pH 7.5. 
Electron micrographs were taken with a JEM-1OOC microscope 

at 80 kV and a magnification of 60000 x (or of 56400 x for 
fig.2). The micrographs represent the ribosomal particles as 
viewed from the specimen side. 

3. RESULTS AND DISCUSSION 

Large fields of homogeneously distributed well 
contrasted particles can be obtained by freeze- 
drying and high-resolution shadow casting of un- 
fixed rat liver small subunits (fig.la). Several dif- 
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Fig.1. Electron micrographs of freeze-dried and shadowed 40 S ribosomal subunits. Shadowing with tungsten-40Vo rhenium. 
Shadowing angle is 26”. Metal cap is 10 A thick. General view (a) and selected images (b-d). The number of 40 S subunit images in 
the left lateral view (b), frontal view (c) and right lateral view (d) are approximately proportional to their frequencies in the fields. 

Arrows indicate the eukaryotic bill on the head of the subunit. 

ferent particle images with characteristic features 
are identifiable and can be interpreted as different 
views of the 40 S subunit. Examples of three 
characteristic types of 40 S subunit images selected 
from several different fields are presented in the 
galleries in fig.lb,c,d. The images presented are 
very similar with respect to their contours and fine 
structure to the well-known images of negatively 

stained 40 S subunits. The characteristic features 
of the 40 S subunit such as the so-called ‘head’ 
with the ‘eukaryotic bill’, the ‘body’ with the 
‘hump’ and the ‘eukaryotic lobes’ [2,5,10,11] are 
well recognizable. The hump, in its turn, consists 
of two lobes and is bordered by the ‘subdivision 
line’. The upper lobe of the hump forms the ‘pro- 
tuberance’ on one of the lateral sides of the 
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subunit. It is evident that each of these features is 
revealed well only at certain 40 S subunit orienta- 
tions relative to the direction of the shadowing, 
when it is not in the ‘shadow’. Examples of 
shadow graphs with well recognizable 
characteristic features are presented in fig.2 (upper 
two rows). 

A model of the three-dimensional structure of 
the 40 S ribosomal subunit with a ‘left’ location of 
the protuberance has been derived from an 
analysis of the three types of images of negatively 
stained 40 S subunits such as presented in fig.2 
(lower two rows) [2,5]. The negatively stained 
subunit images of type b in fig.2 were previously 
referred to as those of the convex ‘rear’ side of the 
40 S subunit. However, such images cannot be in- 
terpreted unambiguously as they involve contribu- 
tions from both sides of the object. Two 
mirror-related models of the asymmetric 40 S 
subunit can be derived from such images. 

Shadow casting reveals that the surface and the 
shadow graphs can, therefore, be treated as reflec- 
tion images. It has been shown earlier [12,13] that 
if the resolution is high enough the correct enan- 
tiomorph of the two mirror-related structures can 
be chosen from shadow graphs using one of the 
well-defined features of the object as a mark. 

The bill is a convenient mark to show that the 
images of type b in fig.2 do not represent the rear, 
but the frontal side of the 40 S subunit, and that 
the structure with a right location of the pro- 
tuberance is the correct one. Indeed, the bill is well 
recognizable on shadow graphs in fig. lc (indicated 
by arrows). Its apex is somewhat shifted from the 
middle of the subunit to the side opposite the pro- 
tuberance. The bill is the only acutely protruding 
part of the subunit on its frontal side. Therefore, 
the shadow from the subunit in the frontal view 
must have a characteristic pointed shape. Actually, 
such shadows can often be observed on the 
micrographs (fig.3). 

The shadow graphs also demonstrate the dif- 
ference between the opposite lateral sides of the 
40 S subunit. The left side of the subunit body 
(fig. 1 b) does not have a deep relief and is more or 
less uniformly contrasted by the metal. Unlike this, 
the right side of the subunit body (fig.ld) is 
characterized by the protuberance which ac- 
cumulates the metal and causes the pointed shape 
of the shadow. 
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Fig.2 Electron microscopy images of the 40 S ribosomal 
subunits and their schematic drawings with a description of the 
main terms used. The resolution of the freeze-dried and 
shadowed subunit images (upper two rows) is close to that of 
the negatively stained ones (next two rows). The same structural 
features of the subunit are revealed in both cases. (a,c) Lateral 

views: (b) frontal view. 

Fig.3. Shadow graphs of the 40 S ribosomal subunits in frontal 
view and their interpretative drawings. Arrows indicate the 
apexes of the eukaryotic bill and its characteristic-pointed 

shadow. Arrowheads indicate the protuberance. 
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Fig.4. Three-dimensional model of the 40 S ribosomal subunit. 

Thus, only the model of the three-dimensional 
structure of the 40 S ribosomal subunit with a right 
location of the protuberance results from data 
presented. We have constructed the model which is 

shown in fig.4. The model is most similar to that 
proposed by Lutsch et al. [2,5] but has an opposite 
handedness. Besides, the eukaryotic lobes and the 
protuberance are more expressed. 

Fig.5. Electron microscopy images of the 40 S ribosomal subunits in comparison with the model illuminated at an angle of 26” 
(shadowing angle). (a) Left lateral view; (b,c) frontal views of the subunits each shadowed from the opposite side; (d) dorsal view; 

(e-h) right lateral views of the subunits at different orientations relative to the direction of shadowing. 

95 



Volume 248, number 1,2 FEBS LETTERS May 1989 

Fig.5 represents electron micrographs of single 
shadowed 40 S subunits in comparison with the 
model. A very good accordance between the 
outlines, surface relief and shadows of the subunit 
images and those of the model is observed. The 
characteristic-pointed shadows from the bill on the 
images of the 40 S subunit in the frontal view and 
from the protuberance on those in the right lateral 
view are clearly seen. Rarely found images of the 
rear side of the 40 S subunit are also presented. 
Again, the consistency of the model with the 40 S 
subunit morphology is observed. 

It has been well documented by freeze-drying 
and high-resolution shadow casting [ 121 and tilting 
experiments [14] that the prokaryotic small 
ribosomal subunit has a right location of the pro- 
tuberance (side ledge or platform). The structural 
organization of the ribosome is quite highly con- 
served [10,15] and therefore the principal struc- 
tural difference between pro- and eukaryotic 
ribosomes, such as the different handedness, is 
very unlikely. This study presents experimental 
evidence for the same handedness of both kinds of 
ribosomes and confirms, on the other hand, the ex- 
istence of structural features unique for 40 S 
ribosomal subunits such as the eukaryotic bill and 
the eukaryotic lobes described until now only for 
negatively stained specimens. 
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