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It has been reported that aminoglycosidic
antibiotics inhibit protein synthesis in bacteria
by interaction of the antibiotics with the
ribosomes1 '^ and also cause codon misreading3).
Lividomycin (LV)4), a new aminoglycoside,
shows antibacterial activity against various spe-
cies of bacteria including Pseudomonas aeruginosa
and Mycobacterium tuberculosis^', and inhibits
poly U-directed polyphenylalanine synthesis in
Escherichia coli cell-free system and stimulates
the incorporation of leucine or serine under the
same condition6J) In another study, it has
been shown that LV was phosphorylated by an
enzymeobtained from resistant bacteria, result-
ing in the loss of antibacterial activity8). This
paper deals with the activity of lividomycin 5"-
phosphate (p-LV)9jl0) on polynucleotide directed
polypeptide synthesis in comparison with that
of LV.

Materials and Methods
Antibiotics and chemicals : LV and adenosine

5'-triphosphate (ATP) were supplied from the
Kowa Co., Ltd., Tokyo. P-LV, a productphos-
phorylated by a resistant strain (E. coli ML1410
Rm8i)> was isolated by the procedure described
in a previous paper9). Used 14C-labeled amino
acids were purchased from the Daiichi Pure
Chemicals Co., Tokyo. Polyuridylic acid (5')

(poly U), polyadenylic acid (5') (poly A) and
guanosine 5'-triphosphate (GTP) were obtained
from the Sigma Co., U.S.A.
Preparation of cell-free extracts and ribosomes

from E. coli: E. coli ML1410 was grown with
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shaking at 37°C for 4 hours in glucose broth

(0.3 %å glucose, 0.4^ meat extract, 0.5% NaCl
and 1 % Polypeptone). Supernatant fluid (dia-
lyzed S-100 and preincubated S-30) and washed
ribosomes were prepared from the cells at expo-
nential growth phase (O.D. 0.7 at 650m^)
according to the method of Nirenberg and
MATTHAEin)except that cells were disrupted
with a sonicator.

Preparation of tRNA and 14C-lysyl-tRNA:

Transfer RNAwas isolated by phenol extraction
from E. coli ML1410 cells by the method of
von Ehrenstein12). 14C-Lysyl-tRNA was pre-
pared by incubating tRNA with 14C-lysine,
dialyzed S-100 and ATP as reported by von
Ehrenstein and Lipmann13).

Binding of 14C-lysyl-tRNA to poly A-ribosome
complex: The amount of the bound 14C-lysyl-
tRNA was determined by the method of
Nirenberg and Leder14).

Assay of 14C-amino acid incorporation in E.
coli cell-free system: The reaction mixture for
polypeptide synthesis was the same as that
described previously11}. The reaction was ter-
minated by addition of 1.5ml of 10^ trichlo-
roacetic acid (TCA). After heating the reaction
mixture at 90°C for 15 minutes, the insoluble
materials were filtered and washed twice with
cold 5% TCAand the radioactivity was counted.

Results and Discussion
Effects on the formation of aminoacyl-tRNA

and on the binding of lysyl-tRNA to the poly
A-ribosome complex :
14C-Aminoacyl-tRNA was formed by incubat-

ing tRNA with 14C-amino acids in the presence
of both the dialyzed S-100 and ATP. No inhibi-
tion was seen on the formation of phenylalanyl-,
arginyl-, lysyl- or prolyl-tRNA at a concentra-
tion of 2x10~3m of p-LV andLV. P-LVand
LVdid not show any significant effects on the
activity of aminoacyl-tRNA synthetase. The
binding of14C-lysyl-tRNA to the poly A-ribosome
complex was investigated and the result is shown
in Table 1. P-LV was found to stimulate slightly
the binding of lysyl-tRNA to ribosomes in the
presence of poly A. The stimulatory activity
of p-LV was weaker than that ofLV. These
stimulations did not show any dose-response,
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Table 1. Effects ofp-LV and LV on the binding of
lysyl-tRNA to the poly A-ribosome complex

Antibiotic (m) cpm on filter %

Complete 4 , 598 100
-poly A 986 21

p-LV 2x10-5 6,013 131

2x 10-4 5,767 125
LV 2x10-6 6,463 141

2x10-5 7,612 166

2x 10-4 7,248 158

The complete reaction mixture contained the fol-
lowing materials in 0.5ml of 0.1 m Tris-HCl buffer
(pH 7.2): NH4C1 30/tfnoles, Mg(C2H3O2)2 7^moles,
yS-mercaptoethanol 3 ^moles, washed ribosomes 2.0
mg, poly A 50fig and i4C-lysyl-tRNA 41,000cpm.
The mixture was incubated at 25°C foi 20 minutes.
Bound 14C-lysyl-tRNA was determined by Millipore
filter method described by Nirenberg and Leder12>.

suggesting nonspecific reactions. A similar
result was also obtained with both drugs on the

binding of 14C-prolyl-tRNA to the poly C-
ribosomecomplex.
Inhibition of polyphenylalanine synthesis :
As shown in Fig. 1, p-LV at 2x10~6mhad no

inhibitory effect on polyphenylalanine synthesis
directed by poly U, but an inhibitory effect was
seen at concentrations greater than 2x 10~5m.
On the other hand, polyphenylalanine synthesis
was inhibited by low concentration (2x 10~7m)
ofLV and was reduced to 10^ that of control

by addition of 2x10~4m of LV. The results
indicate that p-LV was less effective than LV in
inhibiting polyphenylalanine synthesis.

Codon misreading activity on polypeptide
synthesis :

The incorporation of leucine or serine into
polypeptide in the E. coli poly U system was

Fig. 1. Inhibition of poly U-directed polyphenylala-
nine synthesis by p-LV and LV
The reaction mixture contained the following

materials in 0.5ml of 0.02m Tris-HCl buffer
(pH 7.8): NH4C1 30//moles, Mg(C2H3O2)2 7

//moles, /3-mercaptoethanol 3 //moles, preincu-
bated S-30 3.0mg protein, E. coli tRNA 100/*g,
poly U 20,«g, nineteen 12C-amino acids (minus

phenylalanine) 0.1 //mole (each ammo acid),

ATP 1 ^mole, GTP 0.2 ^mole, phosphocreatine
2.5 //moles, creatine kinase 10 //g, 14C-phenylala-
nine 0.2 //Ci and antibiotic of indicated amount.

The mixture was incubated at 37°C for 30
minutes and the radioactivity in the hot TCA-
insoluble fraction was counted.

studied. P-LV had no significant effects on
leucine-incorporation at a concentration of 2
X 10~3m. However, the drug stimulated serine-
incorporation at the sameconcentration and the
minimum stimulatory dose of p-LV was approx-
imately 2x10"5m (Table 2). On the contrary,
LV stimulated the incorporation of leucine and
serine at a concentration of2 x 10~6m, indicating
that LV possessed codon misreading activity
(Table 3). The data reveal that there is an
optimum concentration of LV (2xlO~6~2
X 10~5m) for codon misreading activity in the

Table 2. Amino acid incorporation directed by poly U in the presence of p-LV
Phenylalanine Leucine Serine

p-LV(M) : = :

cpm/mgprotein % cpm/mgprotein % cpm/mgprotein %
Complete 1 1 ,562 100 1 ,532 100 431 100

- poly U 156 1.3 132 9 124 30
2x 10-6 ll,159 97 1 ,407 92 415 100
2x 10-5 9,671 84 1,516 99 473 115
2x 10-4 7,791 67 1 ,628 106 877 212
2x 10-3 3,712 32 1,556 102 1,531 371

The reaction mixture and method are the same as described in the legend of Fig. 1, except that other 14C-
amino acids were used.
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Table 3. Amino acid incorporation directed by poly U in the presence of LV
Phenylalanine Leucine Serine

LV (M) : ; -
cpm/mg piotein % cpm/mg protein % cpm/mg protein %

Complete 12 , 531 100 1 , 510 100 494 100
- poly U 191 1.5 151 10 135 27
- Poly U 165 1.4 149 10 161 33

2x10-5

2x 10-7 ll,196 89 2,977 197 2,538 514

2x 10-6 10,182 81 4,120 223 4,956 1,003

2x 10-5 6,664 53 3,492 231 4,939 1 ,000

2x 10-4 1 ,280 10 1,288 85 813 165

The reaction mixture and method are the same as described in the legend of Fig. 1, except that other i*C-
amino acids were used.

E. coli poly U system. It was found further
that polypeptide synthesis with poly U was
inhibited with 2 X 10"4m or higher concentrations
of LVand that the minimumconcentration
required for codon misreading was about 6

X 10~8m. Therefore, the misreading activity of
p-LV is approximately 330-fold weaker than
that of LV. The decrease of activity ofp-LV
is not understood, but it may be due to weak-
ened interaction of the drug with ribosomes as
a result of the change of charge and configura-
tion in the LV molecule following 5;/-phospho-

rylation.

From a study of the synthesis of 5"-deoxy
LVand its amino derivative, Yamamotoet al16)
suggested that the 5"-hydroxyl group of LV

was a requisite for antibacterial activity. The
fact that 5"-phosphorylation of LV causes loss
of antibacterial activity confirms the importance
of the 5"-hydroxyl group of LV.
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