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Ribosomes from cells of Streptomyces aureofaciens producing tetracycline antibiotics (Tc-ribosomes)

differ in electrophoretic mobility of ribosomal proteins 52, S10 and L19 from those of the same strain,

where the production of tetracyclines was suppressed by changed cultivation conditions (C-ribosomes).

Purified tight vacant couples C- and Tc-ribosomes are equally active in the translation of poly(U). Both

types of S. aureofaciens ribosomes are more sensitive to tetracycline and chlortetracycline than ribosomes
of Escherichia coli in the Phe-tRNA binding and the translation of poly(U).

Tetracycline

1. INTRODUCTION

It is well established that the target site of tetra-
cyclines in protein synthesis is localized on riboso-
mes [1,2]. The major inhibitory effect of the anti-
biotic is the interference with binding of the terna-
ry complex aminoacyl-tRNA.EFTu.GTP to the
acceptor site of the ribosome [3,4]. The resistance
to tetracyclines is usually mediated by a mecha-
nism preventing the permeation of the antibiotic
into the cells [5,6]. We have shown previously that
this type of resistance developed in the
tetracycline-producing strain of Streptomyces au-
reofaciens [7]. Ribosomes and ribosomal subunits
from these cells bind tetracycline similarly as re-
ported earlier with other prokaryotic ribosomes
[8,9]. Recently, a mutant strain of Bacillus subtilis
has been isolated [10] bearing the tet-4 mutation
specifying an altered ribosomal protein S10. Ribo-
somes from the mutant strain were more resistant
in the translation of poly(U) to tetracycline than
wild type ribosomes.

In the present communication we examined pro-
tein pattern of ribosomes from the cells of S. aure-
ofaciens producing tetracycline and from the cells
where the production of the antibiotics was sup-
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pressed by changed cultivation conditions. In addi-
tion, we have assayed differences in sensitivity to
tetracycline between ribosomes of Escherichia coli
and S. aureofaciens in the binding of Phe-tRNA to
ribosomes and in the translation of poly(U).

2. MATERIALS AND METHODS

2.1. Preparation of ribosomes and elongation
Jactors Tu
Ribosomes were isolated according to Hershey
et al. [11]. Tight vacant couples were prepared by
the method of Noll et al. [12]. Elongation factors
Tu from E. coli and S. aureofaciens were isolated
as described previously [13].

2.2. Poly(U)-directed enzymatic and non-
enzymatic binding of [‘*C]Phe-tRNA to
ribosomes

For the enzymatic binding, EFTu.GTP complex
was preformed in a reaction mixture (150 xl) con-
taining 50 mM Tris—HCI (pH 7.4), 8 mM MgCl,,

60 mM NHCI, 4 mM GTP, 40 mM phosphoenol

pyruvate, 20 xg pyruvate kinase, 900 pmol EF-

Tu.GDP. The incubation was carried out at 37°C

for 10 min. The mixture was then cooled to 0°C.
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Samples of 100 xl containing 50 mM Tris—HCI
(pH 7.4), 8 mM MgCl, 60 mM NHCI, 160 xg po-
Iy(U), 50 pmol 70 S ribosomes were preincubated
with a mixture of deacylated tRNA (1 A260 unit) at
37°C for 5 min, 60 pmol EFTu.GTP were then
added (for the non-enzymatic binding, EF-
Tu.GTP was omitted). In inhibition studies sam-
ples were further incubated with tetracycline at
37°C for 5 min. The reaction was started by ad-
ding 50 pmol [**C]Phe-tRNA. After a 10-min in-
cubation at 37°C the samples were diluted with
cold binding buffer and the amount of bound
[**C)Phe-tRNA was determined by the membrane
filter assay. To control for a possible polypeptide
synthesis, reaction mixtures were stopped with
1 ml 10% trichloroacetic acid (TCA) and heated at
95°C for 20 min. The mixtures were filtered
through glass fibre discs, washed with 5% TCA,
and radioactivity was determined. No significant
synthesis of a polypeptide was demonstrated in the
control experiments.
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2.3. Translation of poly(U)

The poly(U)-directed polyphenylalanine synthe-
sis was carried out in 100-l reaction mixtures con-
taining 50 mM Tris—HCI (pH 7.4), 8 mM MgCl,,
70 mM NH4Cl, 6mM 2-mercaptoethanol,
25 pmol ribosomes, [**C]phenylalanine
(315 Ci/mol), 40 4g tRNA, 0.2 mM GTP, 5 mM
phosphoenolpyruvate, 1 xg pyruvate kinase,
160 xg poly(U), tetracycline as indicated in the fi-
gures. The reaction mixture was incubated 20 min
at 37°C. It was stopped with 1 ml 5% TCA and the
tubes were heated for 20 min at 90-95°C. The pre-
cipitate was collected on Whatman GF/C filters
and radioactivity was assayed.

2.4. Isolation of ribosomal proteins and two-
dimensional gel electrophoresis
Ribosomal proteins were isolated in the presence
of 0.2 mM phenylmethyl-sulfonyl fluoride [14].
The two-dimensional gel electrophoresis of riboso-
mal proteins was performed as previously descri-
bed [15].

Fig.1. Comparison of 70 S ribosomal proteins from C-ribosomes (A) and Tc-ribosomes (B) of Streptqmyces
aureofaciens. Proteins (200 xg) from the two types of ribosomes were analyzed by two-dimensional polyacrylamide gel
electrophoresis [15].
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3. RESULTS AND DISCUSSION

As the wild strain of S. aureofaciens or a mutant
lacking the ability to produce tetracycline or com-
pounds belonging to the tetracycline family are not
available, we have isolated ribosomes from young
growing cells of S. aureofaciens producing tetracy-
cline (Tc-ribosome) and from the same strain, whe-
re the production of the antibiotic was suppressed
by changed cultivation conditions [16] (C-
ribosomes). Tight couples 70 S ribosomes of both
Tc- and C-ribosomes were used for functional tests
and electrophoretic analysis of ribosomal proteins.
As shown in fig.1, ribosomal protein patterns of
C-ribosomes (fig.1A) differ significantly from
those of Tc-ribosomes (fig.1B) in three respects. In
C-ribosomes the protein S2 forms two spots
designated ¢ and b. Furthermore, two forms of
S10 proteins @ and b are present in Tc-ribosomes
and the protein L.19 changes its position near to the
protein L15. The observed changes in positions of
the spots are most probably due to posttransla-
tional modification of the proteins. This possibility
remains to be studied in more detail. Further data
concerning nomenclature of ribosomal proteins
from S. aureofaciens are presented in [15].

The rates of polyphenylalanine synthesis on ri-
bosomes of S. aureofaciens and on those of E. coli
are depicted in fig.2. Purified vacant couples C-
and Tc-ribosomes from S. aureofaciens are equally
active in the translation of poly(U). The results
also show that polyphenylalanine-synthesizing ac-
tivity of E. coli ribosomes is about three times hig-
her than that of 8. aureofaciens ribosomes. Similar
results were obtained in experiments with riboso-
mal preparations of different streptomycete spe-
cies [17—-19].

Tetracycline antibiotics are best known inhibi-
tors of aminoacyl-tRNA binding to the ribosomal
acceptor site [1]. To demonstrate whether riboso-
mes of S. aureofaciens are resistant to the drug, we
first examined the non-enzymatic and enzymatic
binding of [*C]Phe-tRNA to ribosomes. The en-
zymatic binding of [**C]Phe-tRNA was estimated
with preformed EFTu.GTP. Results of the bin-
ding experiments are shown in fig.3. Tetracycline
inhibited both the non-enzymatic and EFTu-
dependent binding to C-ribosomes of S. aureofa-
ciens (fig.3A) as well as to those of E. coli (fig.3B).
To obtain more specific information about the bin-
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Fig.2. Kinetics of polyphenylalanine synthesis on

ribosomes of E. coli and Tc- or C-ribosomes of

Streptomyces aqureofaciens. The assays were carried out

as described in section 2 using 25 pmol of the 70 S tight

couples from E, coli (—o0—), C-ribosomes of 8.

aureofaciens (—a—), Tc-ribosomes of S. aureofaciens
(—e—).

ding of ["*C]Phe-tRNA to the acceptor site, ribo-
somes were preincubated with 1.0 Aje0 unit of dea-
cylated tRNA [2]. The non-enzymatic binding of
[**C]Phe-tRNA to ribosomes of E. coli was about
twice higher than to ribosomes of S. aureofaciens.
In the presence of 0.01 mM tetracycline the non-
enzymatic binding to ribosomes of E. coli or S. qu-
reofaciens was inhibited to about 40%. No signifi-
cant increase of the inhibition was observed at con-
centrations higher than 0.1 mM tetracycline. These
data are consistent with the previously published
data [1,20]. The binding of [*C]Phe-tRNA to ri-
bosomes was markedly stimulated in the presence
of EFTu.GTP. There are differences in the kine-
tics of inhibition of enzymatic binding of ['*C]Phe-
tRNA to ribosomes of S. aureofaciens and E, coli.
At lower tetracycline concentrations (from 107 M
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Fig.3. Effect of tetracycline upon the enzymatic and non-enzymatic binding of ["*C]Phe-tRNA to the 70 S couples from

E. coli and S. aureofaciens. The experiments were performed as described in section 2. (A) C-ribosomes from S.

aureofaciens; (B) ribosomes of E. coli. EFTu-dependent binding (—o—); non-enzymatic binding (EFTu.GTP omitted)
(—e—).

to 5 X 107% M) the drug inhibits the binding of
Phe-tRNA to ribosomes of S. aureofaciens by
about 75%. A further increase of the tetracycline
concentration (from 10~° M to 10™* M) results on-
ly in a 5% decrease of the Phe-tRNA binding. In
addition, essentially the same results as in fig.3A
were obtained with purified 70 S tight couples Tc-
ribosomes of S. aureofaciens. Ribosomes of E. coli
are more resistant to tetracycline at the lower con-
centration of the drug. At 107* M to 5 x 107 M
concentration the antibiotic inhibits 10% Phe-
tRNA binding to ribosomes and at the higher drug
concentration (between 5 x 1075 M to 5 x 107> M)
more than 45% of the Phe-tRNA binding were
inhibited.

In further experiments we examined the effect of
chlortetracycline in the translation of poly(U). Ri-
bosomes were preincubated with the antibiotic and
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polyphenylalanine synthesis was initiated by the
addition of poly(U) and [**C]phenylalanine. Re-
sults of these experiments are shown in fig.4.
Translation of poly(U) on ribosomes of E. coli is
resistant to lower concentrations of chlortetracycli-
ne (from 107° M to 5 x 107® M). About 75% of
the polyphenylalanine synthesizing activity was in-
hibited by 107> M to 10~* M concentration of the
drug. The translation of poly(U) on both Tc- and
C-ribosomes of S. aureofaciens is more sensitive to
the antibiotic. At the low chlortetracycline concen-
tration (between 107 M to 10~> M) the synthesis
of polyphenylalanine was inhibited by about 75%.
The results obtained demonstrate that the riboso-
mes of S. aureofaciens are more sensitive to the
low concentration of the drug than ribosomes of
E. coli. This suggestion is also supported by the ex-
periments in which homologous or heterologous
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Fig.4. Inhibition of poly(U) translation with

chlortetracycline (CTC). The assays were carried out as

described in section 2 using 25 pmol of the 70 S

ribosomes and saturation concentration of poly(U). In

experiments with E. coli (—0—) 10 ug of poly(U) and

with S. qureofaciens (—e—) 160 ug of poly(U) was
used.

30 S—50 S couples derived from ribosomal subu-
nits of E. coli and S. aureofaciens were incubated
in the presence of chlortetracycline and poly(U)
translation was estimated. Results of these experi-
ments (fig.5) show that homologous 30 S—-50 S
couples of S. aureofaciens are most sensitive to
chlortetracycline. Substitution of 30 S subunits of
S. aureofaciens by analogous subunit from E. coli
increased the resistance of the heterologous
30 S—50 S couples to the antibiotic substantially.
Replacement of the 50 S subunits from S. aureofa-
ciens with 50 S subunits of E. coli has a stimulato-
ry effect on the translation of poly(U) but these he-
terologous couples containing 30 S from S. aureo-
Jaciens and 50 S of E. coli are more sensitive to the
antibiotic. The data demonstrate again that homo-
logous 30 S—50 S couples of E. coli are less suscep-
tible to lower chlortetracycline concentration than
those of S. aureofaciens.
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Fig.5. Effect of chlortetracycline on polyphenylalanine
synthesis on the homologous and heterologous
30 S—50 S couples derived from ribosomal subunits of
E. coli and S. aureofaciens. In vitro translation of
poly(U) was estimated in 0.1 ml reaction mixtures
containing 0.4 Azeo unit of 30 S subunits and 1.2 Azeo
unit of 50 S subunits. The experiments were carried out
as described in section 2. Ribosomes were preincubated
for S min with chlortetracycline (CTC) and the reaction
was started by poly(U) and [“C]phenylalanine.
Homologous 30 S-50 S couples of E. coli (—o-).
Homologous 30 S—50 S couples of S. aureofaciens
(—e—). Heterologous 30 S—50 S couples containing
30 S subunits of E. coli and 50 S from S. aureofaciens
(—0—). Heterologous 30 S—50 S couples containing
30 S subunits of S. aureofaciens and 50 S from E. coli
(—a—).
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