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The 30 S subunit contains 2 sites for tRNA binding (Phe-tRNA, AcPhe-tRNA, tRNA%i with the 
functional properties of D and A sites of the 70 S ribosome after attachment of 50 S subunit. The third 
(E) site specific for deacylated tRNA is introduced into 70 S ribosome by its 50 S subunit. The E-site 
binding of tRNA& is not sensitive to either tetracycline and edeine, and practically codon-independent. 
The affinity constant of tRNA@ for the E site is 2-3 orders of magnitude lower than that for the D site. 

Deacylated tRNA-ribosome interaction Ribosome, exit site Antibiotic, tetracycline, edeine 
Site distribution, between subunits 

1. INTRODUCTION 

Deacylated tRNA appears in a translating 
ribosome as a result of peptide bond formation 
between peptidyl-tRNA, located at the donor (D) 
site, and a newly selected aminoacyl-tRNA, 
located at the acceptor (A) site. At the next step of 
the elongation cycle, translocation, removal of 
deacylated tRNA from the D site is a key event in 
this complicated process. For this reason, a detail- 
ed study of the interaction of deacylated tRNA 
with ribosomes (thermodynamics and kinetics of 
binding; number of active sites) is important for 
better understanding of protein biosynthesis. 

Nonetheless, during the last 2 decades, Watson’s 
2-site model of the ribosome [2], based on func- 
tional properties of peptidyl- and aminoacyl- 
tRNA, has been generally accepted. As a conse- 
quence, in all studies of the interaction of 
deacylated tRNA with ribosomes, it was admitted, 
a priori, that only the D and A sites exist for 
binding. 

However, it was demonstrated using different 
techniques, that ribosomes contain, besides the 
usual D and A sites, a third site, specific for 
deacylated tRNA only [3,4]. 

In 1965, Wettstein and Noll [l] showed, using 
polysomes from rat liver, that for each active 
ribosome bound, on the average, at least 2 and at 
most 3 tRNA molecules: aminoacyl-tRNA, at the 
‘decoding’ (A) site; peptidyl-tRNA, at the ‘con- 
densing’ (D) site; and deacylated tRNA, at a third 
site. They found that the latter is specific exclusive- 
ly for deacylated tRNA and characterized by 
relatively weak and reversible binding. Thus, it was 
regarded as an ‘exit’ site. 

Here, we confirm this result and show addi- 
tionally that: 
(i) The third, so-called E site on the 70 S 

ribosome is formed by its 50 S subunit. The 
30 S subunit contains only 2 sites able to bind 
deacylated tRNA (tRNA&&y, as well as 
aminoacyl-tRNA (Phe-tRNAPhC) or peptidyl- 
tRNA (AC-Phe-tRNAPhe) [5]; 

(ii) Edeine and tetracycline block almost quan- 
titatively the binding of 2 tRNA’o”H” 
molecules/70 S ribosome, obviously, at the D 
and A sites. The E-site binding is not sensitive 
to either antibiotic; 
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(iii) Contrary to [3] and in accordance with [4], the 
binding of tRNA& at the E site is practically 
codon-independent; 

(iv) The affinity constant of tRN&w for the E site 
is 2-3 orders of magnitude lower than that for 
the D site. 

2. MATERIALS AND METHODS 

Active 30 S and 50 S subunits, as well as frac- 
tionated poly(U) (MI 30000) and enriched 
[‘4C]Phe-tRNAPhe (1500 pmol/&e unit) and Ac- 
[‘4C]Phe-tRNAPhe (1400 pmol/&o unit), were 
obtained as in [5,6]. Deacylated [14C]tRNAg% 
(1290 pmol/&a unit) was isolated according to 
[4]. In the binding experiments, except that in 
fig.4C, incubation mixtures contained in 
lOO-120~1 buffer TAM: 10 pmol 30 S subunits, 
12 pm0150 S subunits, 10 ,ug poly(U); and variable 
amounts of tRNAs. After 3 h incubation at O’C, 
? values (total number of tRNA molecules 
bound/ribosome) were determined by the 
nitrocellulose filter technique. Antibiotics edeine 
(Calbiochem, USA) and tetracycline (Serva, FRG) 
were used, where indicated, at final concentrations 
10m6 M and 10m4 M, respectively. Corrections for 
the actual fraction of active [14C]tRNAgi$ 
(55-60%) were made in all experiments. Buffer 
TAM: 0.02 M Tris-HCl (pH 7.4); 0.02 M MgCL; 
0.2 M NH&I; 0.001 M EDTA. 

3. RESULTS 

We showed that active poly(U)-programmed 
30 S subunits are able to bind simultaneously 2 
molecules of aminoacyl-tRNA (Phe-tRNAPhe) or 
peptidyl-tRNA (Ac-Phe-tRNAPhC) [5,7]. We 
observe a similar situation for deacylated tRNAs$ 
(fig. 1, -c-)). Tetracyline, a specific inhibitor of 
the A site, blocks almost quantitatively the binding 
of one tRN&% molecule (+). In the presence 
of both tetracycline and edeine (an inhibitor of the 
D-site binding; [8,9]), 2 value is close to 0 (6). 
This means that tRNAg% binds specifically to the 
parts of the D and A sites belonging to the 30 S 
subunit. 

Unlike the 30 S subunits, every 70 S ribosome 
binds at saturation up to 3 molecules of tRN&% 
(fig.2A, u), but only 2 molecules of Phe- 
tRNAPhe (--o-) or Ac-Phe-tRNAPh’ [ 10,111. 
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Fig. 1. Titration of the 30 S * poly(U) complex with 
deacylated tRNA&: in the absence of antibiotics 
(u); in the presence of tetracycline (-c); in the 

presence of edeine and tetracycline (-A-). 

Comparing this result with that in fig.1, we can 
suggest that the third, E site on the 70 S ribosome 
is formed by its 50 S subunit. A direct experiment 
confirms this suggestion: addition of 50 S subunits 
to the complexes [30 S. poly(U) - (tRNA@] and 
[30 S - poly(U) - (Phe-tRNAPhe)2] results in addi- 
tional binding of a third tRNAgg molecule, but 
not Phe-tRNAPhe (cf. -c- and -o-, fig.2B). 

Fig.3 shows the effect of antibiotics on the 
tRNA%-70 S ribosome interaction. In the 
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Fig.2. (A) Titration of the 70 S*poly(U) complex with 
[14C]tRNAPohIf (-o-) and [i4C]Phe-tRNAPhe (-o-). 
(B) Kinetics of [‘4C]tRNA$$ (-o-) and [14C]Phe- 
tRNAPhe (-o-) binding to the 30 S.poly(U) complex. 
After 90 ruin incubation at 0°C 50 S subunits were 
added, and the kinetic measurement continued. Each 
incubation mixture contained a saturating amount of 

labeled tRNA (120 pmol). 
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Fig.3. (A) Titration of the 70 S - poly(U) complex with 
[14C]tRN&r& in the absence of antibiotics (+); in 
the presence of tetracycline (-o-) and tetracycline + 
edeine (+). (B) The same, but in the absence of 
poly(U). A control experiment with Ac-[r4C]Phe- 
tRNAPhe was done in the absence (d) and in the 
presence (+) of edeine. (Without poly(U) Ac-Phe- 

tRNAPhe binds exclusively at the D site [3,10]). 

presence of poly(U) (fig.3A), tetracycline inhibits 
the binding of about 1 tRNA% molecule (+), 
and tetracycline + edeine - about 2 tRNA8j 
molecules (d-), obviously, at the D and A sites. 
Taking into account the results in fig.1 and 2, we 
can conclude, that the E site is insensitive to both 
antibiotics. In the absence of messenger, each 
ribosome binds readily 2 tRNA!% molecules 
(fig.3B, +). Tetracycline has no effect in this 
case (cf. u and -o-). This is not surprising, 
because the codon-less binding at the A site is not 
realized for all 3 biological forms of tRNA 
[10,12,13]. When tetracycline and edeine are both 
present, we find, again, binding of tRNA& at the 
E site only (+). (A control experiment with Ac- 
Phe-tRNAPbe shows clearly, that edeine is an effec- 
tive inhibitor of D-site binding in the absence of 
mRNA; cf. 4 and -t, fig.3B.) 

It follows from these experiments, that we can 
measure selectively the binding properties of the E 
site in the presence of mRNA, using tetracycline 
and edeine, and in the absence of mRNA, using 
edeine alone. Titration curves, corresponding to 
the E-site binding in both cases (-a_, fig.3A,B), 
are represented in fig.4A in inverse coordinates. 
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Fig.4. (A) The plot of I/FE vs Z/C in the presence 
(+) and in the absence (-a-) of poly(U). (B) The 
plot of Z/VA vs Z/C (see, for details, the text). (C) The 
plot of I/,& vs Z/r, measured by the method of variable 
volume (details in [17]). Association constants of 
[14C]tRNAs% with the D site of the 70 Se poly(U) 
complex (K?) were determined in this case using the 
equation: 

I/P = I1y.c.r + I/y 

where: 
fl = the relative amount of [‘“C]tRNA& bound to 

ribosomes; 
y = the active fraction of [14C]tRN&g; 
r = the concentration of free 70 S. poly(U) complex 

Incubation mixtures contained in 0.1-5.0 ml buffer 
TAM: 10 pmol 30 S subunits; 12 pmol 50 S subunits; 
15 pg poly(U); and 8 pmol [14C]tRNA%. Experiments 
were performed at 0°C and 6 mM (u), 10 mM 

(-o-) and 15 mM (&) [Mg2’]. 

We see that: 
(i) Both in the presence and absence of poly(IJ) 

all E sites are active in tRN&% binding (7 
tends to Z, when C - 03); 

(ii) The affinity constants for E site, Z$, are equal 
to 5 x 10’ M-land 3 x 10’ M-‘, respectively. 

The difference between corresponding ex- 
perimental points in curves -o- and --t 
(fig.3A) can be treated, obviously, as the A-site 
bin$ng; i.e., 2 ( - tetracycline) Y’ (+ tetracycline) 
= Y . These data are plotted in fig.4B and allow 
one to estimate roughly the affinity constant of 
tRNA?$ for the A site: Kt = 5 x lo6 M-r. 

The affinity constants for the D site (a were 
measured in a separate experiment under condi- 
tions when the ribosomes were in excess over 
tRNA% and, therefore, only the D-site binding 
occurred (fig.4C). The K? values appeared equal 
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to 5.5 x lo8 M-’ at 6 mM, 1.5 x 10’ M-r at 
10 mM and -4 x 10’ M-i at 15 mM [Mg”] and 
0°C. At 20 mM [Mg2’] virtually all active tRNA& 
was bound (not shown), and we can only estimate 
the e value in this case; at least 10” M-l. 

4. DISCUSSION 

Here, we confirm data in [3,4] that 70 S 
ribosomes do contain a third, E site, physically 
distinct from the D and A sites and specific for 
deacylated tRNA. The main properties of this site 
can be summarized as follows: 

(1) The affinity of deacylated tRNA for the E site 
is 2-3 orders of magnitude lower than that for the 
D site. On the contrary, in [3] the e/e ratio was 
claimed equal to 1. This discrepancy can be ex- 
plained by their Scatchard plot containing few ex- 
perimental points. Under conditions of excess 
ribosomes over tRNA, when the most stable bind- 
ing can be detected, these points are absent. 

(2) The E-site binding is rather insensitive to the 
template, as was revealed by 2 different experimen- 
tal techniques: e-values are very close, both in the 
presence and in the absence of poly(U) 
(nitrocellulose filter technique, this paper); total 
non-specific deacylated tRNA (tRNAmPhe) binds, 
in the presence of poly(U), as effectively as specific 
tRNA& does (equilibrium sedimentation, [4]). 
These results differ strongly from those in [3], 
where an absolute dependence of the E-site binding 
on messenger was observed; i.e., the binding of 
only one tRNAc% molecule170 S ribosome in the 
absence of poly(U). This contradiction can be 
related rather to the difference in ribosomal 
preparations than in medium conditions used, 
because at 15 mM [MB?‘], 160 mM [NH:] and 
37°C (as in [3]) we also observed the binding of 2 
tRNA?& molecules/l non-programmed 70 S 
ribosome (not shown). 

(3) The binding to the E site is insensitive to 
tetracycline and edeine, specific inhibitors of the D 
and A sites. This property is useful for discrimina- 
tion between all 3 ribosomal sites, as shown here. 

(4) The E site is introduced into a 70 S ribosome 
by its 50 S subunit. It is possible that only the E- 
site binding was observed [14,15], when studying 
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the interaction between deacylated tRNA and 50 S 
subunits (discussed in 141). 

The role of the E site in protein biosynthesis is 
not yet clear. Its functional significance as an ‘exit’ 
site, as postulated in 11,161, remains to be proven. 
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