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1. Introduction 

A previous report described the formation of a 
eukaryotic initiation complex composed of Reovirus 
mRNA, rat liver Met-tR.NA,, and 40 S and 60 S ribo 
somal subunits from mouse L-929 cells [ 11. All of 
the three size classes of Reovirus mRNA were able to 
induce the formation of 80 S initiation complexes at a 
puromycin-sensitive site on the ribosome. Complex 
assembly was mRNA-dependent and was specific for 
Met-tRNAF [ 11. However, no requirement for GTP 
or ribosomal factors could be demonstrated. The 40 S 
and 60 S subunits retained their initiation factors and 
sufficient GTP to support complex formation even 
after treatment with detergent and 0.5 M KCl. This 
phenomenon restricted detailed mechanism studies in 

this system. 
In the present investigation, we report that differ- 

ential treatment of L-cell 40 S and 60 S subunits with 
1 M KC1 is essential in order to establish a GI’P 
dependency and a requirement for exogenous ribo- 
somal factors during initiation. Although the 40 S 
subunit is relatively stable during such treatment, the 
60 S subunit is rapidly inactivated. Treatment of either 
subunit with 1 M KC1 elicits both the GTP and factor 
dependencies. Utilization of the treated subunits has 
facilitated the stepwise analysis of the initiation 
process. 

2. Methods 

The growth of mouse fibroblast G929 cells, the 
preparation of Reovirus RNA transcriptase, the syn- 
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thesis in vitro of Reovirus mRNA, and the purification 
of rat liver tRNAFet have been described [ 1, 2] . 

2.1. Treatment of ribosomal subunits with I M KC1 
The isolation and separation of L-cell 40 S and 60 S 

subunits in 0.5 M KC1 have been described [I]. For 
treatment of these particles with 1 M KCl, 20 A,,, 
units of each subunit were diluted to 1 ml in 50 mM 
triethanolamineHC1 (pH 7.6)- 1 M KCl- 1.8 mM 
MgCl, (increased to 3 mM for 60 S). The 40 S 
suspension was incubated at 27” for 40 min, the 60 S 
suspension at 18’ for 5 min. Each suspension was 
then centrifuged at 18” through separate 30 ml 
lo-30% sucrose density gradients in 50 mM triethan- 
olamine (pH 7.6)-500 mM KCl-5 mM MgCl, for 5 hr 
at 64 000 g [ 1,3] . The subunit peaks were collected 
and stored as described for the 0.5 M KC1 subunits 

[ll- 

2.2. Preparation of ribosomal factors 
A 1 M KC1 extract of L-cell ribosomes prepared as 

previously described [l] was diluted in RSB [2] to 
0.3 M KC1 and passed through DEAE-cellulose in the 
cold in the same buffer-salt solution. The effluent 
protein peak (monitored at A,,,) was concentrated 
by ammonium sulfate precipitation, dissolved in 30 mM 
Tris-HCl (pH 7.5)-100 mM KCl-1 mM MgCl,-2 mM 
dithiothreitol and dialyzed against the same buffer 
for 90 min. Debris was removed by low-speed centri- 
fugation and the extract was stored at -80”. 
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Table 1 
Requirements for methionyl-puromycin synthesis. 

Additions Methionine released 

Complete 0.28 
-mRNA 0.04 
-factors 0.11 
-GTP 0.06 
-GTP + GDPCP* 0.04 

Reaction mixtures contained the following components as 
indicated in a final volume of 100 ~1: 40 mM TriaHCl 
@H 7.5), 6 mM MgC12,60 mM KCl, 1 mM dithiothreitol, 
0.4 mM GTP, 0.6 mM GDPCP, 1 mM puromycin-HCl, 0.6 
Az60 units of treated 40 S subunits, 1.2 Az60 units of treated 
60 S subunits, 0.6 A260 units of formaldehyde treated 
Reovirus mRNA [l, 41, 20 pmoles of [3sS]Met-tRNAF 
(4500 cpm/pmole), and 26 pg of crude ribosome factors. 
Incubation was at 37” for 30 min. [3sS]Met-puromycin was 
extracted into ethylacetate and counted as previously 
described [ 1,5]. Values are corrected for controls incubated 
and extracted in the absence of puromycin. 

* P,ymethylene guanosine triphosphate. 

3. Results 

As previously indicated, ribosomal subunits pre- 

pared from Lcells and separated in 0.5 M KC1 do not 
require exogenous GTP or ribosomal factors for the 
formation of a protein initiation complex containing 
Reovirus mRNA. However, differential treatment of 
each subunit fraction with I M KCl (see Methods) 
yields particles which are GTP- and factor-dependent 
during the formation of the initiation complex as 
measured by Met-puromycin synthesis (table 1). The 
inability of GDPCP to replace GTP (table 1) suggests 
that GTP hydrolysis is an essential property of the 
system. The factors utilized in these experiments were 
extracted from crude Lcell ribosomes by a 1 M KC1 
wash (see Methods). Conditions for treatment of the 
subunits with 1 M KC1 were determined empirically. 
Whereas, the 40 S subunit could withstand prolonged 
exposure to 1 M KC1 without loss of activity, the 60 S 
subunit was relatively sensitive to 1 M KC1 and rapidly 
gave rise to a 58 S subunit which in the presence of 
factors was active in initiation and a 47 S particle 
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Fig. 1. Dependence of methionyl-puromycin synthesis on 
ribosome factor concentration. Incubation and assay descrip- 
tions for each point are as described in table 1. Each value is 
corrected for controls as described in table 1. 

0 5 IO 15 20 

FRACTION 

Fig. 2. Sucrose gradients of initiation complex with 1 M KCl- 
treated ribosomal subunits. Incubation components and con- 
ditions are as described in table 1 except that puromycin was 
omitted. After 30 mln at 37”, the mixture was layered on 
5 ml of a lo-30% sucrose gradient in 20 mM Tris-HCl 
@H 7.5)- 100 mM KCl-5 mM MgCl2 and centrifuged for 
75 min at 148 000 g at 0”. Gradients were monitored at A260 
and collected and radioactivity in each fraction determined as 
previously described [ 11. Complete system (o--o--o); minus 
factors (o- - - a,- - -0); minus GTP (X..X.*X). Arrow (lower left) 

denotes direction of sedimentation. 
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which was inactive. Treatment of either subunit with 
1 M KC1 created a requirement for exogenous ribo- 
somal factors suggesting that each subunit contains at 

least one factor component essential for inititaion. 
As measured by Met-puromycin synthesis, the extent 
of complex formation was dependent upon ribosome 
factor concentrations (fig. 1). At optimal factor con- 
centrations, Met-puromycin synthesis was 5-fold over 

background values obtained in the absence of factors. 
Initiation was relatively sensitive to factor concentra- 
tion; high concentrations were inhibitory (fig. 1). 

The GTP and ribosomal factor requirements during 

initiation could also be demonstrated by analysis in 
sucrose gradients (fig. 2). Utilizing 40 S and 60 S sub- 
units treated with 1 M KCl, the binding of [35S]Met- 
tRNA, in a complex at the 80 S region was dependent 
upon the addition of exogenous GTP and initiation 
factors. Omission of either component yielded little 
or no binding of the initiator Met-tRNAF (fig. 2). The 
absolute dependence of the formation of the 80 S 
complex on the presence of Reovirus mRNA (fig. 2) 
has also been previously demonstrated with subunits 
prepared in 0.5 M KC1 which require no exogenous 
factors or GTP [ 11. 

4. Discussion 

We have examined the requirements for ribosomal 
factors and GTP in a specific eukaryotic initiation 
system utilizing Reovirus mRNA synthesized in vitro 
by the particulate RNA transcriptase of Reovirus 

cores, and purified L-cell 40 S and 60 S ribosomal 
subunits. Complex assembly is specific for Met-tRNAF, 
and is dependent upon mRNA, ribosomal factors, and 
GTP. In the defined system, no requirement for any 
supernatant factor was detected. The data confirm a 
previous finding that L-cell 40 S and 60 S ribosomal 
subunits prepared and separated in 0.5 M KC1 retain 
their initiation factors [ 11. In that respect, the Lcell 
subunits differ, for example, from reticulocyte sub- 

units prepared in 0.5 M KC1 which manifest factor 
[6, 71 and GTP [8] requirements during initiation. In 
the present studies, factor-dependency was established 
only when the subunits were separately treated with 
1 M KCl. This procedure also introduced a GTP- 
dependency which supports the hypothesis that some 
GTP remains bound to Lcell subunits prepared in 
0.5 M KCl. The observed GTP-dependency is in agree- 

ment with results in other eukaryotic systems [9, IO] . 
Fractionation of the initiation factors in the crude 

ribosomal factor preparation has enabled us to separate 
some of the steps in the initiation process of this 

system. These studies will be reported subsequently. 
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