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1. Introduction 

Cytoplasmic extracts of eukaryotic cells contain 
proteins possessing a strong non-specific affinity for 
high molecular weight RNA [l-4]. These RNA bind- 
ing proteins are capable of interacting with any high 
molecular weight RNA and forming stoichiometric 
RNA-protein complexes of a buoyant density of 
1.4 g/cm3 in CsCl (protein:RNA ratio of -3: 1). Some 
of the RNA-binding proteins are identical to protein 
constituents of informosomes (messenger ribonucleo- 
proteins) and represent a pool of free informosomal 
proteins in the cell [5,6]. 

The RNA-binding proteins can be isolated from 
the cell extract by affinity adsorption on immobilized 
RNA or synthetic polynucleotides [7-91. Preparations 
of RNA-binding proteins of eukaryotes have been 
shown to contain elongation factors, both EF-1 and 
EF-2, as well as a number of initiation factors of trans- 
lation [ lo,1 11. A comparison of isolated elongation 
factors of rabbit reticulocytes with their prokaryotic 

analogs from Escherichia coli has shown that, whereas 
the elongation factors of rabbit reticulocytes, EF-I 
and EF-2 do possess an affinity for RNA, their analogs 
from E. coli, EF-T and EFG do not [12]. 

A hypothesis was proposed that RNA-binding 
activity is specially characteristic of many eukaryotic 
proteins functioning with RNA or in different RNA- 
dependent processes; the RNA-binding activity of such 
proteins can be considered as an additional evolution- 
ary acquisition of eukaryotic cells, in comparison 
with prokaryotic ones, due to an essential increase of 
the eukaryotic cell volume and the necessity of their 
concentration (compartmentation) near the sites of 
their functioning, i .e ., near RNA [ 131. 

Here we report a study of RNA-binding properties 
of aminoacyl-tRNA synthetases which are a group of 
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proteins also functioning in the process of protein 
biosynthesis. The experiments have shown that a con- 
siderable part of aminoacyl-tRNA synthetase activity 
of rabbit reticulocytes is indeed retained on high 

molecular weight RNA immobilized on Sepharose and 
can be eluted as a fraction of RNA-binding proteins. 
On the other hand, aminoacyl-tRNA synthetases of 
E. coli do not bind with high molecular weight RNA 
under the same conditions. 

2. Materials and methods 

The ribosome-free extract of rabbit reticulocytes 
was prepared and then fractionated on a column with 
E. coli ribosomal RNA immobilized on Sepharose as 
in [9]. The RNA-binding proteins were adsorbed on 
RNA at 0.01 M KC1 and eluted from the column with 
1 M KC1 containing buffer. The ribosome-free extract 
of E. coli MRE 600 was fractionated in an analogous 
way. 

The RNA-binding activity of the isolated fractions 
was measured by the technique of adsorption of RNA- 
protein complexes on nitrocellulose filters [ 1,3,9]. E. 
coli ribosomal 16 S [ 14C] RNA was used as an exoge- 
nous RNA for the complex formation. 

The protein concentration was measured by the 
amido black staining technique [9,14]. The tRNA 
preparations were isolated from rabbit liver and from 

E. coli MRE 600 by phenol-chloroform deproteiniza- 
tion and deacylated at pH 9,37”C for 1 h. 

In aminoacylation experiments each 100 ~1 aliquot 
of the reaction mixture contained 2 nmol tRNA 
(1.12A260units),0.5j.&iC7zZoreZZa [‘4C]protein 
hydrolysate (59 &i/matom, Amersham) and a vary- 
ing amount of the protein fraction to be tested for 
aminoacyl-tRNA synthetase activity. Incubation was 
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in100mMTris-HC1(pH7.6),25mMKC1,8mM 
Mg&, 4 mM 2-mercaptoethanol and 5 mM ATP for 
20 min at 37’C. The reaction was stopped by adding 
cold 5% trichloroacetic acid. The precipitates were 
put onto GF/C filters (Whatman) directly or, as a con- 
trol, after hydrolysis in 5% trichloroacetic acid for 
20 min at 9O’C. Radioactivity on filters was counted 
in the standard toluene-PPO-POPOP mixture using 
a Beckman LSl 00 liquid scintillation spectrometer. 
The control radioactivity measurements in the mate- 
rial non-hydrolyzable by 5% trichloroacetic acid at 
90°C showed (see curve 4 in fig3a,b) that incorpora- 

tion of labelled amino acids into polypeptides was 
insignificant. 

Special control experiments showed that amino- 
acylation systems strongly depended on exogenous 
tRNA (incorporation in endogenous tRNA of the 
extracts was G3% for reticulocytes and 8% for the 
E. coli system). 

3. Results and discussion 

Fig.1 represents the results of affinity fractionation 
of the ribosome-free extracts of rabbit reticulocytes 
(fig.la) and E. coli (fig.lb) using RNA-Sepharose 

columns. Two fractions were collected from each 
column: the main bulk of proteins not retained on 
the column (extract deprived of RNA-binding proteins) 
and the proteins retained in the column and eluted by 
1 M KC1 (RNA-binding proteins). Fig.2 shows the 
results of determination of the RNA-binding activity 
of the fractions from the RNA-Sepharose columns. 

The RNA-Sepharose fractionation of the ribo- 
some-free extract of rabbit reticulocytes has resulted 
in adsorption in the column of only -1% of the total 
protein and at the same time of 299% of the RNA- 
binding activity (see fig.la,2a). In analogous experi- 
ments with ribosome-free extracts of E. coli, -3% of 
the protein and X9% of the RNA-binding activity 
are retained in the column (fig.lb,2b). Electrophoretic 
analyses in the presence of sodium dodecyl sulfate of 
the fractions of RNA-binding proteins eluted from 
the column with 1 M KCl were done in [9,11,12] and 
revealed several main and a large number of minor 
polypeptide components. 

The fractions obtained and the original (non-frac- 
tionated) ribosome-free extracts were assayed for 
aminoacyl-tRNA synthetase activity. Fig3a shows 
aminoacylation of rabbit liver tRNA when the non- 
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fractionated extract (curve l), or the fraction not 
retained on the RNA-Sepharose column (curve 2), 

or the RNA-binding proteins (curve 3) of rabbit 
reticulocytes were used as the source of the enzymes. 
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Fig.1. Fractionation of ribosome-free extracts of rabbit reti- 
culocytes (a) and E. coli (b) on the RNA-Sepharose column. 
Rabbit reticulocyte extract, 20 ml (1000 mg protein) or 
E. coli extract, 4 ml (140 mg protein) were applied onto a 
65 ml column (0.4 g immobilized RNA). The column was 
pre-equilibrated with the low ionic strength buffer (0.01 M 
KCl). The column was washed with the same buffer to remove 
the unadsorbed proteins. The RNA-binding proteins were 
eluted with the buffer containing 1 M KCl. 
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Fig.2. RNA-binding activity of the fractions of the ribosome- 
free rabbit reticulocyte extract (a) and that of E. coli 
(b) obtained by separation on the RNA-Sepharose column 
(figl). 0.7 fig ribosomal E. coli 16 S [Y]RNA were added 
to each fraction aliquot and the samples were Wtered through 
nitrocellulose filters with an average pore diameter of 0.5 pm. 
(-A-) The ribosome-free extract deprived of RNA-binding 
proteins; (-X -) RNA-binding proteins. 

It is seen that the passing of the ribosome-free extract 
of reticulocytes through the RNA-Sepharose column 
retaining the RNA-binding activity (and only -1% of 
the total protein of the extract) results in a significant 
decrease of the aminoacyl-tRNA synthetase activity 
of the extract. The upper level of the aminoacylation 
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Fig.3. Aminoacylation of tRNA by Chlorella [ “C]protein 
hydrolysate. The following fractions of rabbit reticulocytes 
(a) and E. coli (b) served as a source of aminoacyl-tRNA 
synthetases: (I) non-fractionated ribosome-free extracts 
(--a-); (2) ribosome-free extracts deprived of RNA-binding 
proteins (-A-); (3) RNA-binding proteins (-X -); (4) as (1) 
but radioactivity was counted after hydrolysis of the samples 
in 5% trichloroacetic acid at 90°C (-a-). 

of the total tRNA at the excess of the extract deprived 
of RNA-binding proteins is also 2-3.times lower than 
that of the aminoacylation by the original (non- 
fractionated) extract. This suggests that some of the 
amino acid-specific aminoacyl-tRNA synthetase 
activities have been lost from the extracts as a result 
of the passing through RNA column. On the contrary, 
a high aminoacyl-tRNA synthetase activity is found 
in the fraction of RNA-binding proteins eluted from 
the column with 1 M KC1 (fig3a, curve). The specific 
aminoacylating activity of the RNA-binding proteins 
of rabbit reticulocytes is -30~times greater than that 
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of the original extract. The upper level of the amino- 
acylation of the total tRNA by the fraction of RNA- 
binding proteins approaches the level reached in the 
case of the original extract. 

The latter indicates that the RNA-binding protein 
fraction of a rabbit reticulocyte extract contains 
aminoacyl-tRNA synthetases for all or almost all 
amino acids. However, the extract deprived of RNA- 
binding proteins is likely to contain aminoacyl-tRNA 
synthetases only for some amino acids. Thus it seems 
that some of the amino acid-specific aminoacyl-tRNA 
synthetases in rabbit reticulocyte extracts can exist 
in two forms, just one of which is RNA-binding. 

In any case, the experiments demonstrate that 
>50% of the aminoacyl-tRNA-synthetase activity 
of rabbit reticulocytes can be selectively adsorbed on 
RNA-Sepharose. In other words, a significant part 
of aminoacyl-tRNA synthetases of reticulocytes 
behave as RNA-binding proteins. 

Fig3b shows aminoacylation of E. coli tRNA by 
the non-fractionated E. coli ribosome-free extract 
(curve l), by the E. coli extract deprived of RNA- 
binding activity (curve 2) and by the fraction of 
E. coli RNA-binding proteins (curve 3). Contrary to 
the case of the rabbit reticulocyte extract, all amino- 
acyl-tRNA synthetase activity of the E. coli ribosome- 
free extract passes through the RNA-Sepharose 
column without retention. That is, E. coli aminoacyl- 
tRNA-synthetases do not posses any RNA-binding 
activity. 

The results obtained here give a good support to 
the hypothesis proposed [ 131 that the RNA-binding 
activity is characteristic of many eukaryotic proteins 
having something to do with protein biosynthesis 
and other RNA-dependent processes and that the 
non-specific RNA-binding activity of such proteins 
is an evolutionary acquisition of eukaryotic organisms 
as compared with prokaryotes. 

Eukaryotic aminoacyl-tRNA synthetases, unlike 
prokaryotic ones, are found in extracts as multi- 
enzyme complexes with high sedimentation coeffi- 
cients [ 15-281 and can be bound with ribosomal 
particles and polyribosomes [ 16,19,29-341. It is 
not unlikely that these features of eukaryotic amino- 
acyEtRNA synthetases are directly related to the 
fact that they possess RNA-binding activity. The 
non-specific RNA-binding activity of eukaryotic 
aminoacyl-tRNA synthetases could serve for their 
concentration and compartmentation near the sites 
of their functioning (e.g., within polyribosomes). 
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