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Abstract. The structures of eukaryotic ribosomal 5S 
RNA from rat liver and of prokaryotic 5S RNA 
from E. coli (A-conformer) have been investigated 
by scattering methods. For both molecules, a molar 
mass of 44,500_ 4,000 was determined from small 
angle X-ray scattering as well as from dynamic light 
scattering. The shape parameters of the two rRNAs, 
volume Vc, surface Oc, radius of gyration Rs, maxi- 
mum dimension of the molecule L, thickness D, and 
cross section radius of gyration Rsq , agree within 
the experimental error limits. The mean values 
are Vc=57___3nm 3, O~=165+_ 10nm 2, Rs=3.37 
_0.05nm, L=10.8 +_ 0.7 nm, D = 1 . 5 7 + 0 . 0 7 n m ,  
R, v = 0.92 +__ 0.01 nm. 

Identical structures for the E. coli 5S rRNA and 
the rat liver 5 S rRNA at a resolution of 1 nm can be 
deduced from this agreement and from the com- 
parison of experimental X-ray scattering curves and 
of experimental electron distance distribution func- 
tions. The flat shape model derived for prokaryotic 
and eukaryotic 5S rRNA shows a compact region 
and two protruding arms. Double helical stems are 
eleven-fold helices with a mean base pair distance of 
0.28 nm. Combining the shape information obtained 
from X-ray scattering with the information about 
the frictional behaviour of the molecules, deduced 
from the diffusion coefficients D20,w° = (5.9 _+ 0.2) 
• 10 .7 cm 2 s -1 and (6.2 + 0.2). 10 -7 cm 2 s -1 for rat 
liver 5S rRNA and E. coli 5S rRNA, respectively, 
a solvation shell of about 0.3 nm thickness around 
both molecules is determined. This structural 
similarity and the consensus secondary structure 
pattern derived from comparative sequence analyses 
suggest that all 5S rRNAs may indeed have con- 
served essentially the same type of folding of their 
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polynucleotide strands during evolution, despite 
having very different sequences. 

Key words: Ribosomal 5S RNA, structure, X-ray 
scattering, dynamic light scattering 

Introduction 

The 5 S rRNA is a constituent of the large subunit of 
all ribosomes. About 200 primary sequences have 
been determined until now (Erdmann et al. 1984). In 
spite of the low degree of about 20% overall se- 
quence conservation (Delihas and Andersen 1982), 
a consensus secondary structure pattern of 5 S rRNA 
was derived from comparative sequence analyses. 
This general secondary structure model is character- 
ized by five double helices and several single 
stranded parts in the branching region, in internal 
loops and hairpin loops. The conservation of this 
most probable base pairing pattern leads to the 
question of whether the three-dimensional struc- 
tures .of 5S rRNAs have also been conserved during 
evolution. 

To answer this question, the prokaryotic 5S 
rRNA from E. coli and the eukaryotic 5S rRNA 
from rat liver were investigated by diffuse X-ray 
scattering and by dynamic light scattering. 

The shape of a 5S rRNA molecule, which is un- 
ambiguously determined by the folding of the 
nucleotide strand, can be obtained from small angle 
X-ray scattering experiments. Further structural in- 
formation was obtained from the scattering region at 
medium scattering angles 5 ° <_ 2 0  <_ 22 ° which is 
influenced by the geometry of the secondary struc- 
ture (Damaschun et al. 1978) as well as by elements 
of the tertiary structure, as shown for proteins in 
solution (Fedorov etal. 1976, 1979). Previous in- 



302 

vestigations of the small-angle X-ray scattering of 5 S 
rRNA from E. coli (Connors and Beeman 1972; 
IJsterberg etal. 1976; Leontis and Moore 1984), 
yeast (Connors and Beeman 1972) and rat liver 
(Miiller et al. 1981, 1982) cannot be used for a more 
detailed analysis, because a comparison of the 
published structure parameters is not sufficient to 
prove subtle structural differences. High precision in 
the measurements is necessary, especially in the 
medium angle region, which is only attainable if 
identical diffractometers are used. Furthermore, 
identical algorithms for data processing and evalua- 
tion are essential. 

Dynamic light scattering provides the transla- 
tional diffusion coefficient and the corresponding 
hydrodynamic Stokes' radius. These parameters, in 
combination with data from the X-ray scattering 
experiments allow an independent proof of the 
results concerning the shape and the dimensions of 
the macromolecule and allow estimates of its solva- 
tion shell. 

Materials and methods 

Materials 

Rat liver 5S rRNA was prepared from the 5 S rRNA- 
protein L5 complex. This complex was obtained by 
EDTA-treatment of 60S ribosomal subunits or mix- 
tures of 40S and 60S subunits as described earlier 
(Behlke et al. 1980) and deproteinized by phenol/ 
sodium dodecyl sulphate. 5S rRNA was further 
purified by gel filtration on Sephadex G-100 in 1 M 
sodium chloride. The purity of 5S rRNA was 
demonstrated by gel electrophoresis in 10% poly- 
acrylamide in a buffer system of 90 mM Tris, 
2.5 mM EDTA, 90 mM boric acid, pH 8.3. For 
further characterization, the 5S rRNA was dissolved 
in 5 mM Tris-HC1, pH 7.8, 50 mM KC1, 1.5 mM 
MgC12, 5 mM 2-mercaptoethanol (ionic strength 
about 0.07 M). 

The prokaryotic E. coli 5S rRNA (A-conformer) 
was prepared from E. coli MRE 600 by the method 
of Erdmann et al. (1971) with slight modifications. 
Bulk rRNA was obtained from 70S ribosomes by 
phenol/sodium dodecyl sulphate deproteinization. 
The rRNA was fractionated by gel filtration on 
Sephadex G-100 (5 x 100 cm column) in 0.02M Tris- 
HC1, pH 7.5, 0.75MNaC1, 0.002MEDTA, 1% (v/v) 
methanol. The peak fraction of 5S rRNA was 
rechromatographed on Sephadex G-100 (2.5 x 100 cm 
column) in the'same medium. The purity of the 5S 
rRNA was controlled by gel electrophoresis in 10% 
polyacrylamide as described for rat liver 5S rRNA. 
For the scattering experiments the E. coli 5S rRNA 

was dissolved in 10 mM sodium cacodylate, pH 7.0, 
50 mMNaC1, 4 mM MgC12. 

Concentrations were determined from the ab- 
sorbance at 260 nm using ~lom~0'l°/°= 21.4 (Osterberg 
et al. 1976). 

Methods 

X-ray scattering. Small angle X-ray scattering experi- 
ments were made with a highly stabilized X-ray 
generator (Freiberger Pr~izisionsmechanik, Freiberg, 
GDR) using a 1.5 KVA copper tube. The scattered 
intensities were recorded stepwise with a Kratky- 
diffractometer (Anton Paar KG, Graz, Austria) 
for 0.0782 < s (nm -1) _< 5.6 and with a four-slit 
diffractometer for 0.142_< s (rim -l) < 15.55 (s = 
4re 2 -~ sin O; 20,  scattering angle; 2, wavelength of 
the X-rays). The radiation was monochromatized by 
pulse-height discrimination and by a nickel-fl-filter, 
and the scattering intensities were measured with a 
proportional counter (Kratky-diffractometer) or a 
scintillation counter (four-slit diffractometer). The 
absolute scattered intensities were determined using 
the standard Lupolen 1811M (Pilz 1969). The con- 
centrations of E. coli 5S rRNA samples were 
110 mg/ml for the medium-angle scattering experi- 
ments and 2.2-12.1mg/ml for small-angle mea- 
surements (Fig. 1). The corresponding concentra- 
tions of rat liver 5S rRNA were 38 mg/ml and 
2 .7-  11.3 mg/ml (Fig. 2). The X-ray experiments 
were performed at 4 °C. Repeated measurements 
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Fig. 1. Guinier plot of the collimation distorted scattered 
intensity from E. coli 5S rRNA (A-conformer) for various 
concentrations. The vertical line marks the first sampling point 
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Fig. 2. Guinier plot of the collimation distorted scattered 
intensity from rat liver 5S rRNA for various concentrations. 
The vertical line marks the first sampling point. The proximal 
parts of the scattering curves are influenced by oligomers 

proved that the scattering behaviour of the samples 
did not change during the experiments and electro- 
phoretic controls after X-ray measurements showed 
that the 5S rRNA remained intact. The scattering 
data for both 5S rRNA species were treated identi- 
cally by direct methods (Mtiller et al. 1977; Dama- 
schun et al. 1978). Reduction of statistical errors, of 
concentration effects, collimation corrections, and 
the calculation of the distance distribution function 
D(x)  (Damaschun et al. 1978) were performed by 
the computer program system SAXS. The correction 
for the scattering of oligomers was done using the 
sampling theorem extrapolation method (Dama- 
schun and Piirschel 1971; Miiller et al. 1977). 

Dynamic light scattering. The spectrometer for the 
dynamic light scattering experiments has been 
described previously (Gast etal. 1979, 1982). We 
used an argon-ion laser (ILA120, Carl Zeiss Jena, 
GDR) at 20 = 514.5nm. The measurements were 
performed in the photon-counting homodyne auto- 
correlation mode at 20.0 4- 0.1 °C and at a constant 
scattering angle of 90 ° within the concentration 
range of 1-8 mg rRNA/ml. Refractive indices were 
measured with an Abb6 refractometer (Carl Zeiss 
Jena, GDR). Buffer viscosities were determined by 
an Ubbelohde viscometer and a digital density 
measuring device DMA02-A (Anton Paar KG, 
Graz, Austria). We used specially manufactured 
scattering cells, so that the sample volume could 
be minimized to 0.1 ml. After placing the solu- 
tion in the cell, the cell was tightly closed and 
centrifuged for 45 min at 3,000 x g and 20 °C to 
remove dust from the scattering volume. However, 

our experimental autocorrelation functions always 
consisted of two well-separable exponentials. The 
prominent fast component corresponds to mono- 
meric rRNA molecules, whereas we assume that the 
slow component is due to minor traces of large 
rRNA-aggregates. Data evaluation was done either 
by fitting the experimental autocorrelation function 
with the sum of two exponentials or by performing 
the inverse Laplace transformation of the autocor- 
relation function using the computer programm 
CONTIN-VERSION2DP (August 1982) of Prov- 
encher (1982). The translational diffusion coeffi- 
cients corresponding to the fast component of the 
autocorrelation functions were corrected to standard 
conditions (20 ° C, water as solvent) and extrapolat- 
ed to zero rRNA concentration to determine 0 D2o, w. 
The hydrodynamic Stokes' radii, Rst, were calculat- 
ed via the Stokes-Einstein relation 

Rst = kB T/6~ ~ D°O,w , 

where kB is Boltzmann's constant, T the absolute 
temperature (°K) and q the viscosity of water at 
20 °C .  

Results 

Figures 1 and 2 show the inner.parts of the slit 
smeared scattering curves for 5 S rRNA from E. eoli 
and for 5S rRNA from rat liver as Guinier plots. 
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Fig. 3, Corrected experimental scattering curves of 5S rRNA 
from E. coli (...), rat liver (xxx) and theoretical scattering 
curve of the inserted shape model ( ). The length of the 
horizontal bar is 1 nm. The experimental errors are indicated 
by vertical bars 
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Fig. 4. Electron distance distribution functions of 5S rRNA 
from E. coil ( . . . ) .  rat liver (xxx) and the theoretical function 
( - - )  of the shape model (insert in Fig. 3) 

Table 1. Structural parameters of rat liver 5S rRNA and 
E. coli 5 S rRNA 

Parameter Rat liver E. coli 

Molar mass M [gmo1-1] ¢ 45,000 _+ 4,000 
Shape volume V~ [nm 3] 58 ___ 3 
Shape surface O c [nm 2] 169.5 + 10 
Radius of gyration 

Rs. a [nm] a 3•31 ___ 0•06 
Rs p [nm] b 3.42 _+ 0.06 

Maximum dimension L 10.9 + 0.8 
[nm] 

Molar mass per unit length 2,600 _+ 200 
M/Ax  [gmo1-1 nm -j] 

Cross-sectional 0.92 _+ 0.02 
radius of gyration 
Rsq. 2 [nm] 

Thickness D [nm] 1.6 + 0.08 
Diffusion coefficient (5.9 + 0.2) 

0 [cm2 s-l] .10-7 D 2o, ,~ 
Stokes' radius 3.6 _+ O. 1 

Rst [nm] 

44,000 _ 4,000 
56+3 

161 4- 10 

3.27 - 0.05 
3.31 +- 0.05 
10.8 + 0.6 

2,570 + 200 

0.915 + 0.01 

1.53 ___ 0.05 
(6.2 + 0.2) 

• 1 0 - 7  

3.4+0.1 

a Derived from the Guinier-approximation 
b Derived from the distance distribution function 
c Partial specific volume g = 0.54 cm3/g 

The scattering of  oligomers falsifies the proximal 
parts of  both scattering curves. The scattering curves 
were corrected by omitting the scattered intensity up 
to about the first sampling point (Damaschun et al. 
1978), which is marked by a vertical line in Figs. 1 
and 2, and by extrapolating the intensity to zero 
angle using the sampling theorem extrapolation 
method (Damaschun and Pfirschel 1971; Mtiller 
et al. 1977). The desmeared scattering curves (Mtiller 
et al. 1977), corrected for scattering from oligomers 
and for concentration influences, are shown for both 
rRNA species in Fig. 3. In the small angle region 

s < 2.2 nm -l, there are no significant differences be- 
tween the two curves. The electron distance dis- 
tribution functions of  both molecules (Fig. 4) were 
calculated by a Fourier  sine transform of the scat- 
tered intensity. For this transform, the scattered 
intensity was continued from s = 2.2 nm -I to infinity 
by a k/s4- ta i l  (Damaschun et al. 1978; Mfiller et al. 
1981). These functions agree very well, too. The 
error bars were calculated by a direct error propaga- 
tion procedure from the statistical errors in the 
primary scattering data. 

Several molecular parameters can be calculated 
(Table 1) from the scattering curves as well as from 
the electron distance distribution functions (Dama- 
schun etal.  1978). In comparison with recently 
published values (Mfiller etal .  1981, 1982), the 
molar mass M, the shape surface Oc, the radius of 
gyration Rs, and the maximum dimension L of the 
rat liver 5S rRNA are somewhat enhanced, which 
results from the modified correction for the scat- 
tering of oligomers. But independent of the kind of 
correction, the corresponding molecular parameters 
for the two 5 S rRNAs agree within the experimental 
errors• The small diminution of  all parameters of  the 
E. coli  5S rRNA (Table 1) in comparison with the 
parameters of the rat liver 5S rRNA is not signifi- 
cant. The,correction procedure effects small changes 
in the values of  the molecular parameters, but not in 
the relations of the parameters for the two rRNA 
species. 

Both scattering curves as well as the electron 
distance distribution functions (Figs• 3 and 4) were 
approximated by the corresponding curves calculat- 
ed for the homogeneous shape model shown in 
Fig. 3. It can be deduced from the so-called model 
resolution function (Mtiller etal .  1985b) that the 
structures of both molecules and of  the model are 
identical at a resolution of  about 1.0 nm (Dama- 
schun et al. 1978). Minor variations of the shape, 
consistent with the resolution attained, have recently 
been discussed (Mtiller et al. 1985 b). 

In the medium-angle region 2.2 _< s (nm -1) _< 15.5, 
the scattered intensities are somewhat different for 
the two rRNA species. Besides the statistical errors 
shown 'in Figs. 3 and 5, there possibly exist syste- 
matic errors arising from the background correction 
(Damaschun et al. 1978). These errors can be nearly 
of the same order of  magnitude as the differences 
between the scattering curves of  both 5S rRNAs in 
the region s ~ 6 nm -1 (Fig. 3). However, the errors 
merely cause a vertical shift of  the scattering curve 
in this angular region without changes in the posi- 
tions of  the maxima. 

From the positions of  the maxima in the medium- 
angle regions of scattering curves, we get mainly 
information about geometrical parameters of  double 



helical stems in the rRNA molecules. Compar ison  of 
the experimental  curve of rat liver 5S r R N A  with 
the theoretical scattering curve of double helical 
oligonucleotides calculated from atomic coordinates 
(Mtiller 1983) revealed that the nucleotide pairs are 
structurally organized as in the A-form double- 
helix, defined by Arnott et al. (1972), with a mean 
turn angle of 32.7 ° and a mean distance A z =  
0.28 nm between the base pairs (Mfiller et al. 1985a). 
The double helical regions of  E. coli 5S rRNA are 
also arranged in the A-form double helix as can be 
concluded from the comparison of the positions of  
the maxima in the experimental  curves of  5S r R N A  
and in the theoretical scattering curve of an oligo- 
nucleotide shown in Fig. 5. We know from experi- 
mental data (Table 2) and from computer  simula- 
tions that for small R N A  molecules with short stems 
or arms, the influence of  the packing of these 
elements on the medium-angle  scattering is small, so 
that the scattering from the secondary structure 
elements is not significantly distorted. 

Figure 6 shows the dependence of  the transla- 
tional diffusion coefficients D20,w on concentration 
for both 5S rRNA species. From extrapolations to 
zero concentration, we obtain the diffusion coeffi- 
cients D°o,,,. = (5.9 +_ 0.2) x 10 -7 cm 2 s -1 and D°0.w = 
(6.2 4- 0.2) x 10 -7 cm 2 s -1 as well as the correspond- 
ing Stokes' radii Rs t=3 .6+_O. lnm  and Rst = 
3.4 +__ 0.1nm for rat liver 5S r R N A  and E. coli 5S 
rRNA, respectively. Our value of the diffusion 
coefficient for E. coli 5 S r R N A  is very close to the 
value Dzo.w = 6.27 x 10 -7 cm 2 s -1 determined by Kao 
and Crothers (1980) for the compact  state ("high- 
tempera ture"  A-form) of E. coli 5S rRNA. The dif- 
ference of about  5% between the diffusion coeffi- 
cients for the two 5S rRNA species cannot be 
regarded as significant since the error limits of  the 
two values overlap (Fig. 6). 

We calculated the molar  masses of  the 5S 
rRNAs via the Svedberg equat ion Ms.z}=RTs  
[D(1-/=O)]  -l, where R is the gas constant, T the 
absolute temperature,  s the sedimentat ion coeffi- 
cient,/: the partial specific volume, and 0 the solvent 
density. We used the diffusion coefficients deter- 
mined by us and data f rom the literature for 
/;-- 0,54 cm 3 g-~ (Osterberg et al. 1976) and s = 5.3 S 
(E. coli, Fox and Wong 1982) and s = 4.9 S (rat liver, 
Behlke et al. 1980), respectively. We obtained molar  
masses Ms, z) = 45,000 -t- 4,000 gmol -~ for E. coli 5S 
rRNA and M~.z~ = 44,000 +_ 4,000 gmo1-1 for rat 
liver 5S rRNA. These values are entirely consistent 
with the molar  masses determined from the X-ray 
scattering data. 

Furthermore,  the diffusion coefficients can be 
calculated semi-empirical ly using only X-ray scat- 
tering data (Kumosinski and Pessen 1982: M~ller 
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Fig. 5. Smoothed medmm-angle scattering curves of 5S rRNA 
from E. coil ( . . . ) .  rat liver (xxx)  and theoretical scattering 
curve ( ) calculated from the atomic coordinates of an 
octamer with alternating base pairs A-U and G-C arranged in 
an A-form double helix (Mfiller ]983). The curves are shifted 
vertically by an arbitrary value for clarity 
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Fig. 6. Concentration dependence of the diffusion coefficients 
D20,, , for 5S rRNA from E. coli (.) and from rat liver (x). The 
bar shown indicates the error limits of the experimental values 

Table 2. Positions of the subsidiary maxima in the medium 
angle region of experimental and theoretical scattering curves 

s (nm -1) 

First Second 
maximum maximum 

5 S rRNA rat liver 4.6 4- 0.1 8.25 4- 0.1 
5SrRNAE. coli 4.7 +0.1 8.0 +0.1 
tRNA TM 4.75 _+ 0.1 8.25 + 0.1 

{Miiller et al. 1982) 
5.8S rRNArat liver 4.55 + 0.1 8.4 4- 0.1 

(Miiller et al. 1985) 
(A-G)4 • (C-U)4 4.65 8.3 

A-form RNA 
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etal. 1984). The values are determined from the 
experimental shape parameters V~, Oc/V~, Rs, p and 
from the molar mass M to be / )calc= 5.93 x 10 .7 
cm 2 s -I and 6.1 x 1 0  . 7  c m  2 s - I  for rat liver and E. coli 
5S rRNA, respectively. These calculated values 
agree very well with the experimental results from 
dynamic light scattering, demonstrating the consis- 
tence of the results from both experimental 
methods. 

A combination of data from X-ray scattering 
(shape and dimensions) and dynamic light scattering 
(diffusion coefficient) allows us to estimate the size 
of the outer solvation shell of the 5S rRNA mole- 
cules. The Stokes' radius of the shape model 
(Fig. 3), which is common to both 5 S rRNA species, 
can be calculated (Miller et al. 1983) using the ap- 
proximation of Kirkwood and the shell theory of 
Bloomfield (Teller et al. 1979) to be Rst, calc= 3.2 nm. 
The difference between this value and the experi- 
mental Stokes' radii Rst = 3.6 nm and Rs, = 3.4 nm 
for 5S rRNA from rat liver and E. coli, respectively, 
corresponds to the mean thickness of the solvation 
shell fixed to the surface of the molecules. Assuming 
a uniform distribution around the shape model, we 
get a mean thickness of about 0.3 nm for the outer 
solvation shell. 

Discussion 

We have shown that the dimensions (Table 1), the 
shape and the solvation shell of 5S rRNA molecules 
from E. coli and rat liver are very similar at a struc- 
ture resolution of 1.0 nm and within the error limits 
of our measurements. The inner structure of double- 
helically organized regions of the pro- and eukaryotic 
5 S rRNA molecules is also very similar. The mean 
geometrical parameters of the double helices in both 
molecules are about 33 ° for the turn angle and 
0.28 nm for the base pair distance. However, local 
deviations from this averaged structure are possible 
to the same extent as shown for tRNA Phe (Holbrock 
et al. 1978). The small differences in the medium- 
angle region of the scattering curves of E. coli 5S 
rRNA and rat liver 5 S rRNA are possibly caused by 
some minor rearrangements of the nucleotide strand 
within the shape shown in Fig. 3, rather than by 
different geometries of secondary structure elements. 
However, for a consensus secondary structure of 
pro- and eukaryotic 5S rRNA (B6hm etal. 1982; 
Delihas and Andersen 1982), the type of folding 
must also remain conserved. 

The agreement of the experimental translational 
diffusion coefficients for the 5S rRNAs from rat 
liver and E. coli, within the limits of experimental 
errors, also points to very similar dimensions for the 
two molecules. The thickness of the solvation shell, 

diffusing with the 5S rRNA molecules, is com- 
parable to the value determined for tRNA Phe (Mill- 
ler etal. 1983). The finding that the shape and 
dimensions of pro- and eukaryotic 5 S rRNA mole- 
cules are very similar is consistent with the results of 
Morikawa et al. (1984) from packing studies of 5S 
rRNA from Th. thermophilus. 

Recently determined values of the radius of 
gyration, Rs = 3.29-3.37 nm, and of the maximum 
dimension L =  10.5 nm for E. coli 5S rRNA (Leontis 
and Moore 1984) agree with our results within the 
error limits. The radius of gyration determined by 
Connors and Beeman (1972), Rs = 3.37 _+ 0.06 nm, is 
also in agreement with our value. On the other 
hand, larger dimensions for the 5S rRNA from 
E. coli have been determined by Fox and Wong 
(1979) from hydrodynamic data, by Osterberg et al. 
(1976) from small angle X-ray scattering and also 
from ~lectron microscopie images (Pieler etal. 
1984). The discrepancies may be explained by limi- 
tations of the techniques applied, rather than by dif- 
ferent properties of the 5S rRNA samples analyzed. 
At least the hydrodynamic (Fox and Wong 1979) 
and small angle X-ray scattering experiments have 
been performed under ionic conditions which should 
maintain the 5S rRNA in a compact form in the 
sense of Kao and Crothers (1980). Our results from 
small angle X-ray scattering have shown that models 
whose scattering curves are consistent with the 
experimental data exhibit invariably a compact core 
(Fig. 3). 

Nazar and Wildeman (1983) have shown that it 
is impossible to reconstitute complexes between the 
eukaryotic protein YL3 and prokaryotic 5S rRNA, 
and Wrede and Erdmann (1973) have demonstrated 
that eukaryotic 5S rRNA cannot be incorporated 
into the 50S ribosomal subunit from prokaryotes. 
Our data show that these findings cannot be ex- 
plained by fundamental structural differences be- 
tween pro- and eukaryotic 5S rRNAs. Probably, for 
the protein binding of 5S rRNA, subtle relations 
between the positions of double-helical regions of 
the RNA (Nazar and Wildeman 1983) and/or 
specific interactions with particular nucleotides are 
responsible. 

In conclusion, the experimental X-ray scattering 
curves of E. coli 5 S rRNA and rat liver 5 S rRNA as 
well as the shape (Figs. 3 - 5 )  and the molecular 
dimensions determined from these curves are very 
similar. Comparative sequence analyses have shown 
the conservation of the general folding pattern of the 
polynucleotide strands of 5S rRNAs from many 
species on the secondary structure level. The simi- 
larity of the three-dimensional structures of a pro- 
karyotic and an eukaryotic 5S rRNA, demonstrated 
in this work, also suggest that the three-dimensional 
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s t ructures  o f  5S r R N A s  have  been  conse rved  wi th  
respect  to the  genera l  fea tures  du r ing  evolu t ion ,  in  
spi te  o f  the  d i f fe rences  in  nuc l eo t i de  sequences .  
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