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1. INTRODUCTION 

Kanamycin, an aminoglycoside antibiotic, was 
reported to inhibit peptide synthesis via blocking of 
translocation [l-3]. This occurs owing to fixing of 
peptidyl-tRNA to the acceptor (A) site [3]. Two 
molecules of the antibiotic can be bound tightly to 
the ribosome, one to the 30 S and another to the 50 S 
subunit [2]. The inhibition of translocation was at- 
tributed to the kanamycin molecule which interacts 
with the large ribosomal subunit [2]. It is known also 
that kanamycin induces codon misreading [4] and 
affects the peptidyl-transferase reaction [5] (reviews 

Ki71). 

5= = no. tRNA molecules bound/ribosome (or 
30 S subunit); 
vD and gA = the same for the D and A sites, 
rtive,$: 

a and K, = association constants of tRNA for 
D and A sites; 
pi = the number of p~ly([~H]U) molecules 
bound/ribosome. 

Elongation factor G was prepared as in [ 111. The 
assay for (Phe)2-tRNAphe synthesis was performed 
as in [8]. Puromycin reaction was done as in [ 121. All 
antibiotics were from Serva (Heidelberg). 

The results of a more detailed study of kana- 
mycin action on particular functions of ribosomes 
are presented here: We show that kanamycin: 
(i) Stabilizes the binding of peptidyl-tRNA to the 

A site of isolated 30 S subunits; 
(ii) At high concentrations, stabilizes the binding 

of poly(U) to 70 S ribosomes; 
(iii) Contrary to [5], does not affect peptidyl-trans- 

ferase activity of ribosomes. 

3. RESULTS 

2. MATERIALS AND METHODS 

Isolated 30 S and 50 S subunits, enriched 
Ac-[ “C]Phe-tRNAPhe and [ “C]Phe-tRNAPhe 
(1400 pmol/A260 unit), pol~]~H](U) (20 000 Mr) 
and unlabeled one (30 000 Mr) were prepared as in 
[8-lo]. Equilibrium binding and association con- 
stants of tRNA with 30 S subunits and 70 S ribo- 
somes, as well as p~ly[~H](U) with 70 S ribosomes, 
were determined as in [g-lo]. 

In a control experiment we checked the inhibi- 
tory activity of kanamycin. The pre-translocation 
complex was made as in [13]; namely, a sufficient 
amount of total deacylated tRNA was added to 
Ac-Phe-tRNAPhe to shift the binding of the latter 
exclusively to the A site. Then GTP, puromycin and 
various amounts of EF-G were added simulta- 
neously to the incubation mixtures. Kanamycin 
effectively suppresses the factor-dependent yield of 
Ac-Phe-puromycin, i.e., translocation, provided 
that nearly stoichiometric amounts of EF-G are 
used (lig.1). However, the more excess of EF-G is 
present, the less inhibitory effect of kanamycin is 
found. It could be explained, for instance, by the 
competition between EF-G and essential molecule 
of the antibiotic for the binding site of the latter, 
when both are added simultaneously. 

Fig2A shows the titration of 30 S . poly(U) com- 
plexes by Ac-Phe-tRNAPhe (in inverse coordi- 
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Fig. 1. Kanamycin action on EF-G-dependent transloca- 
tion of Ac-Phe-tRNAPhe. Mixtures contained in 100 ~1 
buffer I: 10 pmol 30 S subunits, 12 pmol 50 S subunits, 
5 pg poly(U), 100 pmol Ac-[ 14C]Phe-tRNAPhe and 2000 
pmol total unfractionated tRNA. After 30 min incubation 
at 24°C (the first step), GTP and puromycin with final 
concentrations 3 . 10 -4 M, IO -4 M kanamycin (if indi- 
cated) and O-30 pg of EF-G were added, in 40 ~1 buffer I, 
to each mixture. Then incubation was continued for an 
additional 30 mitt, and amounts of AC-[t4C]Phe-puro- 
mycin were determined in the absence (-O-) and prese- 
nce of kanamycin (-0-). Buffer I: 0.02 M Tri-HCI 
(pH 7.3); 0.01 M MgCl2; 0.02 M NH&l; 0.001 M EDTA. 

nates). Two molecules of this analogue of peptidyl- 
tRNA can be bound per subunit (-o-). As was 
shown in [8], the more stable binding takes place at 
the D, and the less stable at the A site of subunit. We 
see from fig.2A, that kanamycin strongly stimulates 
the overall binding (-A--); moreover, it overcomes, 
to a great extent, the inhibitory action of tetracyline 
(-A-). We ascribe the stimulatory effect observed 
to the A-site binding only, because kanamycin: 
(i) Restores the binding of peptidyl-tRNA to the 

tetracycline-sensitive, i.e., A site; 
(ii) Does not affect the D-site binding on 70 S ri- 

bosomes [3,14]. 
With this assumption, we can compute the binding 
isotherm of peptidyl-tRNA for the A site separately, 
as in [8]. Kanamycin increases 20-fold the affinity 
constant of peptidyl-tRNA to the A site of the 30 
S . poly(U) complex (Iig.2). 

Fig.ZC demonstrates the kinetics of binding of 
Ac-Phe-tRNAPhe to 70 S ribosomes, when the 

amount of the former is not sufficient to saturate 
both D and A sites. Comparing the curves without 
and with tetracycline, we see that the D sites are 
filled completely (vD = l), whereas the equilibrium 
vA value is equal to 0.4. This results from the fact 
that the affinity of peptidyl-tRNA for the D site is 
20-50-fold higher than for the A site [10,16,17]. 
Kanamycin stimulates the A-site binding (cf. -o- 
and -•-); it is easy to calculate from experimental 
data that the KA-value is increased 3-fold (from 
4.3. lo’-1.3 . 1O’M -1). 

To re-examine the influence of kanamycin on the 
peptidyl-transferase activity of ribosomes, we used 
the test-system in [S]. In the first stage of the 
experiment, two molecules of Phe-tRNAPhe were 
bound to the 30 S . poly(U) complex in the absence 
or presence of kanamycin; then the reaction of 
transpeptidation was triggered by the addition of 50 
S subunits. To stop the peptide bond synthesis im- 
mediately, EDTA equimolar to [Mg2+] in incuba- 
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Fig.2. Kanamycin action on the binding of 
Ac-Phe-tRNAPhe to the 30 S subunits and 70 S ribosomes. 
(A) Incubation mixtures contained in 250 ~1 buffer I (with 
20 mM Mg2+): 10 pm0130 S subunits, 15 pg poly(U) and 
9-200 pmol AC-[ t4C]Phe-tRNAPhe. After 2 h incubation 
at 24°C TX values were determined by the nitrocellulose 
filter technique. Mixtures contained: 2 . 10 -5 M tetracy- 
cline (-a-); lop4 M kanamycin (-A-); both antibiotics 
(-A--); no antibiotics (-O-). (B) A plot of l/V* vs l/C 
without (-W) and with (-•-) kanamycin (calculated 
from the data in (A). (C) Kinetics of binding of 
Ac-Phe-tRNAPhe to 70 S ribosomes. Mixtures contained 
in 250 ~1 of buffer I (with 20 mM Mg2+): 10 pmol 30 S 
subunits, 12 pmol 50 S subunits, 10 PLg poly(U) and 21 
pmol Ac-[t4C]Phe-tRNAPhe in the absence (-O-) or 
presence of lO-4 M kanamycin (-•-). Mixtures were 
incubated at 24°C and TX-values were determined after 
indicated times; (-a-) control in the presence of 2 . 10 -5 

M tetracycline. 
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Fig.3. Kanamycin action on peptide bond synthesis. Two 

or with (-•-) kanamycin. 

mixtures contained in 300 ~1 buffer I (with 20 mM 
Mg*+): 150 pmol 30 S subunits, 75 pg poly(U) and 570 
pmol [t4C]Phe-tRNAPhe in the absence or presence of 
1O-4 M kanamycin. After 30 min incubation at 0°C 
when ?-values became close to 2 (not shown), 180 pmol 
50 S subunits was added to each mixture, and kinetics of 
(Phe)2-tRNAPhe synthesis was measured without (-O-) 

tion mixtures was added at indicated times, as in 
[ 151. Diphenylalanines form verJhfeast in such a sys- 
tem, even at 0°C: (Phe)z-tRNA was synthesized 
in 50% ribosomes after 8 s, and the reaction was 
completed in all ribosomes after 1 min (tig.3). Ka- 
namycin has no effect on either kinetics or yield of 
dipeptides formed. This result is in contrast with the 
data in [5]. 

Finally, we verified whether kanamycin contri- 
butes to mRNA . ribosome interaction. This was 
reasonable because translocation had been postu- 
lated to depend on both relative affinities of pepti- 
dyl-tRNA for the D and A sites, and the affinity of 
mRNA for the ribosome [ 17,181. Kanamycin sti- 
mulates the binding of poly Q3H]U) to 70 S ribo- 
somes (&AA) because of the increase of the affinity 
constant (tig4B) 3-lo-fold (in different experi- 
ments). In addition, kanamycin reduces the ex- 
change rate of 3H-labeled poly(U) for unlabeled 
poly(U) (FigAC). However, this effect of the anti- 
biotic on the mRNA . ribosome complex seems to 
be unspecific, because the largest stimulation of the 

Figd. Kanamycin action on poly(U) .70 S ribosome in- 
teraction. (A) Stimulation of binding. Mixtures contained 

antibiotic. 

in 3 ml buffer I: 20 pmol 30 S subunits, 25 pmol 50 S 
subunits, 25 pmol p~ly([~H]U) and kanamycin with dif- 
ferent final concentrations. After 10 min incubation at 
30°C Z-values were determined using alkali-treated ni- 
trocellulose filters as described in [9]. (B) Measurement of 
binding isotherms (in inverse coordinates). Mixtures 
contained in 0.2-10 ml buffer I: 20 pmol 30 S subunits, 
25 pmol 50 S subunits and 25 pmol p~ly([~H]U) in the 
presence (-A-) or absence (-W) of lop4 M kanamycin. 
Incubation was for 30 min at 30°C. (C) Kinetics of ex- 
change of 3H-labeled poly(U) with the unlabeled po- 
ly(U). Mixtures contained in 0.4 ml buffer I: 20 pm0130 S 
subunits, 25 pm0150 S subunits and 17 pmol p~ly([~H]U) 
with or without kanamycin (final cont. 3 . 10v4 M). After 
10 min incubation at 0°C 60 pmol unlabeled poly(U) was 
added to each mixture, and the kinetics of exchange was 
measured in the absence (-O-) or presence (---) of the 

binding is observed at 10 -3 M kanamycin, at which 
concentration several additional molecules were 
found to bind to both ribosomal subunits [2]. 

4. CONCLUSION 

Two molecules of kanamycin bind tightly to the 
ribosome, one to the small, and another to the large 
subunit 121. However, the precise role of each in 
affecting particular ribosomal functions (section 1) 
was not known. 
Summarizing: 

(0 

(ii) 

Kanamfcin increases 20-fold the affinity of 
peptidyl-tRNA for the A site of 30 S subunits. 
This is a strong evidence that the molecule of 
the antibiotic bound to the small subunit is 
responsible for the fixing of peptidyl-tRNA to 
the A site of 70 S ribsome and, therefore, for 
the inhibition of translocation; 
At high concentrations (10 -4- 10 -3 M) kana- 
mycin stabilizes the 70 S . poly(U) complex. It 
leads to additional fixing of the peptidyl- 
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tRNA . mRNA complex to the A site of ribo- 171 
some; 

(iii) The role of a kanamycin molecule bound to the 
50 S subunit is unclear; but, definitely, it does 
not interfere with the peptidyl-transferase 
activity of ribosomes. 
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