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1. Introduction 

There are numerous reports describing translation 
of encephalomyocarditis (EMC) virus RNA in cell- 

free systems (c.f. [l-l 0] ). The products formed in 
these systems, however, did not coincide, upon poly- 
acrylamide gel electrophoresis, with ‘mature’ virus- 
specific polypeptides found in EMC ,virus-infected 
cells. The difference between the in vitro and in vivo 
products seemed to be primarily due to two factors, 
non-complete translation of the RNA template and 
inefficient cleavage of precursor polypeptides formed. 
Indeed, the major products of in vitro synthesis 
corresponded to high-molecular-weight polypeptides 
containing amino acid sequences of capsid proteins, 
which implied that only a 5’-terminal region of EMC 
virus RNA was predominantly, or exclusively, trans- 
lated. The reasons for such an incomplete translation 
were thought to be either premature termination at 
certain regions of the template or template degrada- 
tion, or both [5,6,10]. In systems where these 
problems were partially overcome, the resulting 
product did contain, as minor components, poly- 
peptides corresponding to the non-capsid 3’-terminal 
portion of viral genome but only in a high-molecular- 
weight uncleaved form [ 1 l] . 

The present report describes conditions under 
which the entire genome of EMC virus appears to be 
translated and proper cleavage of polypeptide pre- 
cursors takes place in vitro. The combination of these 
events results in formation of almost all ‘mature’ 
virus-specific polypeptides. Although the formation 
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of these polypeptides can be observed in extracts 
from uninfected Krebs-2 cells, a cell-free system 
derived from EMC virus-infected cells yields a pattern 
of products which is more similar to that observed 

in vivo. Two main methodological changes were 
responsible for a drastic improvement of the efficiency 
of in vitro translation of EMC virus RNA: the use of a 
Ca”-dependent nuclease for elimination of endogenous 
templates [ 121 and the choice of appropriate ionic 
conditions. Some additional information on this 
system isin [13]. 

2. Materials and methods 

2.1. Isolation of template RNAs 
Purified [ 141 preparations of EMC virus were sus- 

pended in a solution containing 0.5% sodium dodecyl 
sulphate (SDS), 50 mM NaCl, 1 mM EDTA, 50 mM 
Tris-HCl, pH 8.0, and were treated with a chloro- 
form/phenol/isoamyl alcohol mixture (50:50: 1). 
Viral RNA was precipitated with ethanol. Isolation 
of total poly(A)-containing RNA from the cytoplasm 

of Krebs-2 cells is in [ 151. 

2.2. Cell-free systems 

Non-infected and EMC virus-infected (10 p.f.u./ 
cell) Krebs-2 cells were suspended in Eagle’s medium 
(2 X 10’ cell/ml) and were incubated for 18 h at 
4”C, then for 4 h at 37°C [ 161. Sm extracts from 
these cells were prepared essentially as in [3]. Hypo- 
tonic solution (10 mM KCl, 1.5 mM MgClz , 10 mM 
Tris-HCl, pH 7.5) 1.5 vol., was added to the pelleted 
cells and, after 20 mm, the swollen cells were dis- 
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rupted in a Dounce homogenizer, the concentration 
of salts was increased by adding 0.11 vol. solution 
containing 1 M KCl, 37.5 mM MgClz, 0.21 M Tris- 
HCl, pH 7.5, and the homogenate centrifuged at 
30 000 X g for 10 min. Nuclease treatment of the 
supernatants was performed as recommended [ 121. 
Micrococcal nuclease (Schwartz/Mann) and CaCl, 
were added to the Sac extract to final cont. 10 pg/ml 
and 0.75 mM, respectively. After incubation for 
15 min at 20°C Ca” was chelated by adding ethylene 

glycol-bis-(2-aminoethylether)+V,ilr’-tetracetate 
(EGTA) to a final concentration of 2 mM. The treated 
extract was again centrifuged at 30 000 X g for 
10 min. The supernatant was supplemented with 

glycerol (to 10%) and was stored at -70°C. Before 
use, the extract was thawed and chromatographed 

through a column of Sephadex G-25 equilibrated 
with a solution containing 65 mM KCI, 3.3 mM 

MgC12, 0.1 mM EGTA, 30 mM Tris-HCl, pH 7.5. 
The resulting extract (40-60 A26c, units/ml) was used 
for the translation of exogenous RNAs. 

The translation samples (0.1 ml) contained 60 /J 
of SW fraction and the following concentrations of 
other components: 4 mM MgC12 ; 30 mM Tris-HCl, 
pH 7.5; 1.5 mM ATP; 0.1 mM GTP; 0.6 mM CTP; 
10 mM dipotassium creatine phosphate; 80 pgjml 
creatine kinase; 19 unlabeled amino acids, 0.04 mM 
each; 0.008 mM [14C]lysine (340 mCi/mmol, 
Amersham) as well as RNA and KC1 as indicated in 
the figure legends. After an appropriate incubation 
(see figure legends), radioactivity in the acid-insoluble 
material was determined; if the samples were to be 
analysed by electrophoresis, the radioactivity was 
determined in 15 fi aliquots. 

2.3. Electrophoresis 
Aliquots of translation samples were supplemented 

with 2 vol. solution containing 3% SDS, 6 M urea 
(deionized), 7.5% 2-mercaptoethanol, 15% glycerol, 
0.005% bromophenol blue, and 75 mM Tris-HCl, 
pH 6.8. Before electrophoresis the samples were 
heated at 100°C for 3 min and were applied onto 
gradient (8-20%) polyacrylamide gel slabs. Electro- 
phoresis was performed in the SDS-containing buffer 
system [ 171 for about 18 h. The gels were treated 
with dimethylsulfoxide and PPO fluor as in [ 181. The 
dried gels were exposed to RM-1 X-ray films (Svema, 
USSR) at -70°C. 
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3. Results 

3.1. General characteristics of the system 
Cell-free extracts prepared by the method 

described, displayed a fairly efficient translation 
of exogenous RNA templates. Optimal ionic concen- 
trations determined [ 131 at 37’C, 105 mM KC1 and 
4 mM MgC12 for the translation of EMC virus RNA 
and up to 75 mM KC1 and 3.3 mM MgC12 for the 
translation of poly(A)-containing RNA from the 

cytoplasm of uninfected Krebs cells, the optimal 
concentration of KC1 being dependent in the latter 
case on the RNA concentration used. The depen- 
dence of polypeptide synthesis on exogenous mRNAs 
is illustrated in tig.1. The rate and maximal values of 
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Fig.1. Effect of mRNAs concentration on the incorporation 
of [“Cllysine in extracts from uninfected (solid lines) and 
EMC virus-infected (broken lines) cells. Translation of viral 
RNA (triangles) was carried out at 105 mM KC1 and 4.0 mM 
MgCl, ; translation of cellular mRNA (circles) was carried out 
at 65 mM KC1 and 3.3 mM MgCl, . All samples were incubated 
at 37°C for 90 min. Endogenous incorporation without 
added mRNA in any sample did not exceed 700 cpm. 
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amino acid incorporation were greater with EMC 

virus RNA compared to those with cellular mRNA. 
The extracts from uninfected and infected cells did 
not differ significantly from each other with respect 

to the translational capacity, although the translation 

of EMC virus RNA in the latter appeared to be some- 
what less efficient than in the former. There was no 
evidence for selective inhibition of template activity 
of cellular mRNA in the extract from infected cells. 
All these features are similar to those found with 

other cell-free systems [7,16] . 
A remarkable and distinct property of the present 

system, however, was very low background incorpora- 
tion which amounted to as little as less than 1% of 
the incorporation in the presence of saturating con- 
centrations of exogenous mRNA. Moreover, this 
background incorporation displayed a minor, if any, 
dependence on either ionic conditions or incubation 
time (data not shown). 

The lowering of the incubation temperature to 
30°C resulted in some increase of optimal KC1 concen- 
tration which, in the case of EMC virus RNA, was 
found to be 145 mM. Under these conditions, the 
extent of amino acid incorporation increased approxi- 
mately by 25% compared to the optimal incorpora- 
tion at 37°C and the rate of incorporation was essen- 
tially constant for at least 2.5 h. 

3.2. Products of translation of EMC virus RNA 

It was found, in preliminary experiments, that the 
set of polypeptides formed in response to the addi- 
tion of EMC virus RNA to the extracts depended on 
the ionic conditions of incubation. Figure 2 presents 

the results of an electrophoretic analysis of the 
products formed in extracts from uninfected cells 
at different concentrations of KC1 (lanes l-7). The 
following main conclusions can be made. At low 
(65 mM) concentrations of KCl (lane 2), the major 
band corresponded to a polypeptide with est. mol. wt 
112 000. Two less prominent bands were identical, 
with respect to electrophoretic mobility, to poly- 
peptides A and B found in EMC virus-infected cells 
(lane 8). Some additional polypeptides, especially in 
the high-molecular-weight region of the slab, were 
present in trace amounts. The increase in KC1 concen- 
tration to 85 mM resulted in appearance of additional 
clearly visible bands having electrophoretic mobilities 
of virus-specific polypeptides C, D, E, F and I or H 
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Fig.2. Products of translation of EMC virus RNA in extracts 
from uninfected (lanes l-7) or virus-infected (lanes 9-15) 
cells. The extracts were incubated at 30°C for 150 min either 
in the absence of exogenous RNA (lanes 1,9) or in the 
presence of 6.5 c(g EMC virus RNA (lanes 2-7, 10-15) at 
4.0 mM MgCl, and the following concentrations of KCI: 
l-65 
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(2) 

(3) 

of KC1 tested, the major product being poly- 
peptide A. 
Several polypeptides, namely B, G and several 
minor ones, seemed to be present in relatively 
higher amounts. 
A band with an electrophoretic mobility close to, 
or identical with, that of EMC virus protein E 

was evident. 

4. Discussion 

Conditions are reported here under which an 

almost complete set of EMC virus-specific polypep- 
tides known from in vivo experiments, can be formed 
in vitro. The notable exceptions are capsid polypep- 
tides p and 6, but their formation by cleavage of 
precursor polypeptide E is a late event in the infec- 
tious cycle related to the maturation of virions [ 191 . 

According to current concepts [ 191, there is only 
one translation initiation point on the EMC virus 
RNA template, and ‘polyprotein’ synthesized in vivo 
is cleaved, while still being attached to the ribosomes, 
into three ‘primary’ products, A, F, and C, which are 
then cleaved into ‘mature’ polypeptides. The appear- 
ance in vitro of all three ‘primary’ products found 
in vivo, strongly suggests that translation of the entire 
EMC virus genome takes place in our system. Transla- 
tion of the 3’ end-adjacent region of viral RNA may 
be explained by either overcoming weak termination 
signals supposedly present in this RNA [20,21] or 
initiation at weak internal initiation sites (cf. [22] ). 
Whatever mechanism is responsible for the complete 
translation, it is evidently highly dependent on salt 
concentrations. In fact, at low KC1 neither poly- 
peptide C (encoded in the 3’-terminal region of the 
genome) nor polypeptide F (central part of the 
genome) could be detected. With a related picorna- 
virus, poliovirus, it was also shown that the increase 
in KC1 concentration resulted in a more complete 
translation of viral RNA in vitro as judged by the 
formation of an uncleaved polypeptide of more 
than 200 000 daltons [23]. 

The second feature of our system which merits 
attention, is an adequate processing of polypeptide 
precursors in the sense that almost all ‘mature’ virus- 
specific proteins are accumulated. The faithful 
cleavage of the precursors was demonstrated in 
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extracts from uninfected cells. This fact indicates 
that the cleavage is carried out, at least partially, by 
pre-existing cellular proteases or it is accomplished 
by a kind of autocatalytic proteolysis (cf. [8,23,24]). 
It is not clear from the present experiments whether 
the increased accumulation of cleaved products at 
higher KC1 concentrations was due solely to the 
enhanced synthesis of the corresponding precursors 
or to stimulating effect of the salt on the cleavage 
itself. 

Reasons for certain differences in sets of poly- 
peptides formed in extracts from uninfected and 
virus-infected cells programmed by the same template 
RNA, are as yet unknown. As a likely explanation, a 
more efficient cleavage of precursors in the latter may 
be suggested. This can account for the almost com- 

plete disappearance of polypeptide of 112 000 daltons 
(which is known to be a precursor of polypeptide A 
and consequently of all capsid proteins [ 891) as well 
as for the increased accumulation of some polypep- 

tides of a lower molecular weight. Alternatively, the 
use of different initiation or termination sites on viral 
RNA in extracts from uninfected and infected cells 

cannot be rigorously excluded. 
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