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1. Introduction 

The mechanism of transport of messenger RNA 

from the nucleus into the cytoplasm is still contra 
versial. Studies with liver [l-4] and other cells [5,6] 
have shown that rapidly labelled RNA is associated 
with free ribonucleoprotein particles sedjmenting 
mainly in the 45 S zone of density gradients (referred 
further as “45 S RNP”). These particles contain nascent 
18 S rRNA and heterogeneous, messenger-like RNA 
(mlRNA). Two possibilities have been envisaged: (i) 
the “45 S RNP? represents the nascent smaller ribo- 
somal subparticle carrying mlRNA [ 1, 51 and (ii) 
“45 S RNP” is a mixture of smaller ribosomal sub- 
particles and protein-bound mlRNA, informosomes 
[7, 81. All studies on the characterization of the “45 
S RNP” were carried out by analyses of the rapidly 
labelled RNA species in this fraction. Here, we report 
results on the characteristics of both the RNA and 
the proteins of rat liver “45 S RNP”. The obtained 
evidence shows that this RNP particle contains both 
18 S rRNA and mlRNA. However, all the proteins are 
identified by 2D polyacrylamide gel electrophoresis 

as typical for the smaller ribosomal subparticle. 

2. Methods and materials 

The experiments were carried out with albino rats 
weighing 150 to 170 g. For the preparative isolation of 

RNP particles 30 to 60 rats were used. In vivo labelling 
of RNA was with 100 /.&i per rat of [6-14C] erotic acid 

for 90 min. 
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The animals were sacrificed, the livers removed, 

rinsed in saline and homogenized in 0.25 M sucrose, 
0.05 M Tris-HCl (pH 7.5), 0.025 M KU, 0.005 M 
MgClz and 0.005 M /I-mercaptoethanol. The homo- 
genate was centrifuged at 17 000 g for 10 min. Free 
and membrane-bound polysomes were sedimented at 
100 000 g for 60 min. The supernatant was centri- 
fuged at 100 000 g for 4 hr. The sediment contains 
all postmicrosomal RNP (only 4 S RNA is found in 
the supernatant). The RNP sediment was suspended 
in the same buffer and: 
(a) 150 ml were layered on 800 ml of 7.4 to 38% 

sucrose density gradient in the same buffer and 
centrifuged for 3 hr at 35 000 rpm (20”) in the B 
XV Ti rotor. The shape of the gradient was accord- 

ing to [9] ; 
(b) fractionated in a 50 ml 10 to 30% linear sucrose 

gradient run for 17 hr at 18 000 t-pm (20”) in the 
Spinco SW 25.2 rotor; 

(c) fractionated in 14 ml 10 to 30% linear sucrose 
gradient run for 3 hr at 40 000 rpm (20”) in the 
Spinco SW 40 rotor. 

Lipoprotein contaminants were removed from the 
postmicrosomal RNP fraction or from the 45 S zone 
of sucrose gradients by treatment with 1% Na deoxy- 
cholate plus 2% Brij 35, followed by recentrifugation 
in one of the above gradients. 

The reference smaller ribosomal subparticle was 
obtained from polysomes by KCl-puromycin dis- 
sociation as described previously [lo]. 

The proteins were extracted from the RNP fractions 
by 0.25 N HCl plus 0.005 M f3-mercaptoethanol for 
30 to 60 min and precipitated with 5 vol acetone at 
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Fig. 1. Sucrose density gradient fractionation of postmicrosomal ribonucleoproteins. Left - total postmicrosomal RNP from the 

liver of rats labelled for 90 mm in uivo with [“‘Cl orotate. Right - Ribonucleoproteins from the 45 S region (pooled fractions des- 
ignated by arrows) after detergent treatment (1% Na deoxycholate plus 2% Brij 35) and recentrifugation. (e-e-e), A,,,; 

(o-o-o), radioactivity. For details see text. 
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Fig. 2. Agar gel electrophoresis pattern of rat liver rapidly labelled RNA from: (A) polysomes; (B) postmicrosomal ribonucleo- 
proteins and (C) 45 S RNP isolated from total postrnicrosomal ribonucleoprotems by detergent treatment and subsequent sucrose 

density gradient centrifugation. The dotted line represents the A,, ,, p attern of marker 28 S plus 18 S rRNA. 
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-20” for 3 to 4 hr. The 2D polyacrylamide gel electro- 
phoresis was carried out according to the technique of 
Welfle [ 11, 121 with the ionic strength of the buffer 
doubled in the first dimension gel. 

Appropriate dilutions of gradient fractions were 
counted with the use of a toluene-Triton X-100 (2: 1) 
PPO-DimethylPOPOP phosphor in a Packard Tricarb 
3000 spectrometer. The extraction and the agar gel 
electrophoretic analysis of total and labelled RNA 
from the RNP fractions is described elsewhere [4]. 

3. Results 

The sucrose density gradient analysis of the post- 
microsomal RNP fraction (fig. 1 .A) shows a very 
shallow A2e0 peak in the 45 S zone. However, the 
[14C] orotate labelled material is more strictly local- 
ized in this region [2, 31. Similar results were obtained 
upon fractionation of the postmicrosomal RNP ma- 
terial by zonal centrifugation. After detergent treat- 
ment of either the postmicrosomal RNP or the 
material from the 45 S region and recentrifugation, a 
homogeneous peak by both Azao and radioactivity is 
observed in the 45 S zone (fig. l.B). These results 
show that removal of lipoproteins and other contam- 
inants from the material in the 45 S region unmasks a 
homogeneous RNP peak without changing its sediment- 
ation characteristics. The specific activity of the RNA 
extracted from the “45 S RNP” material is identical 
both before (2850 cpm per AZ6e unit) and after 
(2720 cpm per A see unit) detergent treatment, thus 
showing that the latter does not remove any sub- 
stantial amount of total or labelled RNA from the 
“45 s RNP”. 

Analysis of the RNA extracted from polysomes, 
total postmicrosomal RNP and “45 S RNP” (fig. 2) 
shows that at the labelling time studied, the label is 
located in both 28 S and 18 S rRNA (the labelling of 
18 S rRNA prevailing markedly) and a heterogeneous, 
mlRNA in the zone between 6 S and 26 S. The RNA 
from the “45 S RNP” isolated prior or after detergent 
treatment yields identical agar gel electrophoresis 
patterns, the total amount of label being approximate- 
ly equally distributed between 18 S rRNA and mlRNA. 

The 2D polyacrylamide gel electrophoresis pattern 
(fig. 3) of the “45 S RNP” proteins reveals all the 
main spots typical of the smaller ribosomal subparticle. 

Two proteins with high mobility in both directions, 
not visible in the figure, were found in other runs at 
reduced running times [ 121. The additional protein 
spots observed in the “45 S RNP” protein pattern 
are also typical modification products of the smaller 
ribosomal subparticle proteins, which can be seen in 
some preparations, especially upon extended periods 
of RNP isolation and extraction. Most likely they 
reflect alterations in the proteins of the smaller ribo- 
somal subparticle occurring during the isolation 
procedure. All the proteins of the smaller ribosomal 
subparticle and the “45 S RNP” are basic with a 
relatively low molecular weight. No acidic proteins 
could be detected in either RNP particle. 

4. Discussion 

Our results clearly show that the free “45 S RNP” 
of rat liver cytoplasm contains both nascent 18 S 
rRNA and mlRNA. However, only the proteins typical 
of the smaller ribosomal subparticle could be detected. 
Considering the sensitivity of the technique (less than 
5 pg of protein per spot), any single protein constitu- 
ting more than about 1% of the “45 S RNP” proteins 
should have been detected. Therefore, if the presumed 
messenger RNP does exist in the “45 S RNP” its 
amount should be less than about 2% of this fraction. 
Our experiments do not rule out also the possibility 
that the presumed messenger RNP proteins are not 
extracted by our technique or that they coincide in 
position with the proteins of the smaller ribosomal 
subparticle. These possibilities remain open and require 
further studies. It has been shown recently [13, 141 
that globin mRNA, released upon dissociation of 
reticulocyte ribosomes, is bound to distinct proteins 
which were isolated by SDS treatment of the mRNP 
complex. Yet, it remains to be seen whether these 
proteins are required for the binding of mRNA to the 
smaller ribosomal subparticle or they are structural 
components of free mRNP particles. The fact that 
the mild detergent treatment used in the present work 
does not remove total or labelled RNA from the “45 
S RNP” indicates that the lipoproteins and other 
contaminants removed by this treatment are not re- 
quired for the binding of liver mlRNA to the “45 S 
RNP”. Several authors [ 15, 161 have demonstrated 
the artifactual formation of RNP particles with lower 
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buoyant density in CsCl gradients upon incubation or 
mixing of ribosomal subparticles or rapidly labelled 
RNA with cytoplasmic proteins. Therefore, the ob- 
servation of particles with lower buoyant density 
[6-81 does not prove unequivocally the existence of 
free messenger RNP. Our present results are more in 
line with the earlier suggestion that the nascent smaller 
ribosomal subparticle carries mlRNA [ 1, 51 and support 
the concept of a more direct involvement of the ribo- 
some in the nucleo-cytoplasmic transfer of messenger 
RNA [17, 181. 
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Fig. 3. Two-dimensional (2D) pattern of the proteins from: 
(A) and (A’) - the 45 S RNP and (B) the smaller ribosomal 
subparticle derived from polysomes by KCl-puromycin 
dissociation. The scheme in (A’) indicates the position of 
the main protein spots observed in (A). The open circle 
spots are modification products typical for the smaller ribo- 
somal subparticle. The arrows in (A’) indicate the direction 
of the first (1) and second (2) polyacrylamide gel electro- 

phoresis runs. 
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