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Most aminoglycoside antibiotics, including
streptomycin and kanamycin, not only
inhibit protein synthesis but also cause
misreading of the genetic code1>2>3'4). The

misreading was once thought to account for
the lethal action of the aminoglycosides,
but several observations indicate strongly
that this is not the case5>6>7) and therefore
the drugs must kill bacteria somehow
through inhibition of protein synthesis.

However, the precise mechanism of the in-
hibition remains unsolved. Recently Luzza-

tto et at. concluded that streptomycin blocks
the initiation step of protein synthesis and
causes the accumulation of abberrant com-

plex (70 S monomers)8'95. On the other hand*
in vitro experiments by Modolell and Davis

showed that streptomycin inhibits chain
elongation and then causes slow breakdown

Fig. 1. Stability of the protein synthesized
in the presence of kanamycin.

At zero time 20 or 5 jug/ml of kanamycin was
added in duplicate together with 14C-leucine at
the final concentration of 0.5 pCi/ml. After 15
minutes incubation, one set of the tubes were
given 10"2M of 12C-leucine ( ). Aliquots of4
ml were removed at 15 and 30 minutes and the
radioactivity of hot TCA insoluble fractions was
determined.
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of the polysomes10?ll).

In the present experiments we studied the
correlation which might exist between the

inhibitory effect of kanamycin on protein
synthesis and the misreading caused by the

drug, and furthermore we investigated in
more detail the mechanism by which kana-
mycin inhibits protein synthesis both in vivo

and in vitro.
If kanamycin-treated cells are forced

through misreading to produce unnatural
proteins which are degraded rapidly within

thecells, then the inhibitory effect of kana-
mycin on the incorporation of radioactive
amino acids would be explained by the

instability of the unnatural proteins. In the
experiment shown in Fig. 1, the stability

of the protein which was synthesized in the
presence of kanamycin was studied. Esche-

richia coli B cells were grown in nutrient
broth in L-tubes (10 ml cultures) with shak-
ing at 37°C. Kanamycin was added simul-
taneously with uC-leucine. After 15 minutes
the radioactive amino acid was chased by ad-
ding excess amount of unlabeled leucine. As

shown in Fig. 1, the increase in the radio-
activity of hot TCA insoluble fraction was

diminished after chase, but there was no
significant net loss of already incorporated
radioactivity. Although in our experiment

there is a limitation in detecting very small
amount of unstable protein, the result is
interpreted to show that the cells are not

producing unstable proteins in such amount
that would account for the reduction in

Fig. 2. Sucrose density gradient
analysis of polysome profile

Polysome profiles were recorded automatically as
previously described15>. Sedimentation from right
to left. Arrows indicate the locations of 70 S peaks.

a. Butanol (0.1 m) was added 2 minutes before
harvesting. Dotted line shows the profile of
the normal culture.

b. Kanamycin (10 jug/ml) was added 20 minutes
before harvesting.

c. Kanamycin was added 20 minutes before and
butanol 2 minutes before harvesting.
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Table 1. The effect of kanamycin
on puromycin reaction

Additions

None (before incubation)|

None (after incubation)
Puromycin
Kanamycin
Kanamycin

+ puromycin
Streptomycin
Streptomycin

+ puromycin
Chloramphenicol
Chloramphenicol

+ puromycin

c .p .m .
c . p . m .

r e le a s e d

1, 4 1 7

3 7 1

1, 4 4 3

1 , 0 7 2

1 , 3 6 1
1 , 1 5 4
1 , 4 0 6
1, 1341, 4391, 193

2 0 7

2 7 2

2 4 6

Per cent
inhibition
of release

44

27

34

Incubation mixtures contained ribosomes carrying
14C-polyphenylalanyl tRNA (2,000 c.p.m., 1.5 O.D.

unit) and antibiotics as indicated in a total volume

o

f0.1 ml of TMN buffer. The final concentrations
of antibiotics were as follows : Puromycin, 10 jyg/ml;
kanamycin, 20 fig/ml; streptomycin, 20 j«g/ml; chlor-
amphenicol, 100 ^g/ml. After 30 minutes of incuba-

t

ionat 37°C, 0.08 ml aliquots of each mixture were
applied to DEAE-paper discs (25 mm in diameter).
The wet discs were collected in pH 1.9 buffer (8.7%

a

ceticacid, 2.5% formic acid) and washed by swirl-

ing. Washing was repeated as described by Weber
and De Moss17) except that the several discs were
handled in a single flask.

incorporation of C14-amino acids in the pre-

sence of the inhibitor.
According to current understanding of

protein synthesis, the interaction of riboso-
mes with mRNA can be resolved into three

steps12'13>14) ; the formation of initiation
complex, the movement of ribosomes along

mRNA in concert with elongation of peptide
chains and the release of ribosomes from

mRNA upon the completion of protein. It
is of great interest to know in which step
kanamycin interrupts to stop the whole
process of protein synthesis. We have re-
cently shown that butanol, when added to
intact cells, inhibits the ribosomes cycle at

the initiation of protein synthesis and causes
rapid dissociation of the polysome15). The

effect of butanol is antagonized by chloram-
phenicol which is a specific inhibitor of the
reading out process.

In the experiments shown in Fig. 2, we
checked whether kanamycin blocks the rapid

dissociation of the polysome caused by
butanol. E. coli B cells were grown in

nutrient broth in L-tubes. The whole con-

tent in each L-tube was poured onto crushed
ice and the lysate was prepared and analyzed

by sucrose gradient centrifugation as pre-

viously described15). At 2 minutes after
addition of butanol, the polysomes had dis-
appeared and ribosomes were recovered as

70S monomers and subunits, although the
discrimination of the latters are not clear
under these conditions (Fig. 2a). Although
the result is not shown here, the inhibition

of protein synthesis by kanamycin on intact
cells is manifested rather slowly. If kana-

mycin is added at a concentration of 10jugj
ml, it takes about 20 minutes for the drug

to stop the incorporation of labeled amino
acids. As shown in Fig. 2b, the polysome

profile at 20 minutes after addition of 10 jugl
ml of kanamycin was not so different from

that of normally growing cells, although
protein synthesis at this moment had almost

stopped. Furthermore, if kanamycin was
added at 0 minute and butanol at 18 minutes
later, the polysome profile at 20 minutes
was essentially unchanged and showed little
running off of ribosomes from mRNA (Fig.

2c). Since butanol blocks the initiation step
of protein synthesis, it is evident that kana-

mycin somehow freezes the polysome and
thus prevents the ribosomes from moving

along mRNA.

Another evidence supporting the above
conclusion was obtained by studying the
effect of kanamycin on the puromycin-de-
pendent release of nascent peptide chains

in vitro. S-30 fraction was prepared from
E. coli Q13 cells and mixed with conven-
tional components for poly U-dependent
uC-phenylalanine incorporation as described

by Matthaei and Nirenberg16). After incu-
bationfor 25 minutes at 37°C, the reaction

mixture was diluted with TMN buffer
(0.01M Tris-HCl, pH 7.4, 0.01M Mg acetate

and 0.16m NH4C1) and centrifuged for 45

minutesat 180,000 g- to collect the ribosomes

carrying labeled peptidyl tRNA. The ribo-
somes were resuspended in TMN buffer and
again centrifuged for 10 minutes at 5,000 g to
remove aggregated material. The ribosome

suspension was diluted with TMN buffer
and incubated with puromycin or puromycin

plus other antibiotics. The release of pep-
tides from tRNA was measured by applying
aliquots of incubation mixtures to DEAE-
paper discs as described by Weber and

DeMoss17). The results are shown in Table
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1. Chloramphenicol inhibited the puromycin
reaction as described by several investiga-
tors17'18>19). The inhibitory effect of kana-

mycin on the puromycin reaction was also
clearly demonstrated.

Since the puromycin reaction can be con-
sidered as a model of the elongation of
peptide chains, it is concluded that kana-
mycin somehow inhibits the elongation of
peptide chains and prevents the ribosomes
from moving along mRNA. As shown in

Table1, kanamycin inhibited the puromycin
reaction more markedly than streptomycin

did.While, as reported by Cerna et al.20),

streptomycin is an inhibitor of the reaction,
Modolell and Davis claim that it does not
inhibit the reactionll). It remains to be

determined whether the discrepancy depends
on the conditions.

Furthermore, as mentioned earlier, there
is a controversy as to which step of ribo-

some cycle streptomycin blocks. The results
we obtained seem to permit us to conclude
that kanamycin inhibits the elongation of

peptide chains, in which a series of reactions
are involved, resulting in preventing ribo-

somes from moving along mRNA. So far
as this mechanism of action is concerned,
our conclusion does not conflict with that

of Modolell and DavisU).
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