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1. Introduction

The gradual decline in polyribosomes and accumul-
ation of 70 S ribosomes observed in cell lysates from
cultures treated with streptomycin in vivo [1-4] has

been interpreted by Luzzatto et al. [1, 2] as accumula-

tion of special “streptomycin-monosomes” or “stuck
initiation complexes”. Although this interpretation
seemed consistent with a number of earlier observa-
tions and models of streptomycin action [5—7] it is
based upon indirect evidence which is inconclusive and
in some cases contradictory [4]. A more direct exami-
nation of this hypothesis was suggested by reports

[8, 9] that ribosomes which appear as 70 S particles
in 10 mM Mg®** can be classified into “run-off” ribo-
somes on the one hand, and polysome-derived on the
other, by their sedimentation behaviour in 2 mM Mg?*.
Using this approach we have compared dihydrostrep-
tomycin-treated cultures with log-phase controls and
cultures harvested during amino acid deprivation. We
found that log-phase controls contain 70 S ribosomes
which behave largely as “stuck” polysomal ribosomes,
whilst amino acid deprivation causes rapid accumula-
tion of “run-off™ ribosomes. Treatment with low con-
centrations of dihydrostreptomycin which produces
gradual inhibition of growth rates [10, 11] leads to
the gradual accumulation of “run-off” ribosomes as
growth inhibition proceeds.

2. Materials and methods

Escherichia coli C600 was grown aercbically in
mineral salts medium with 0.2% (w/v) glucose and
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0.2% (w/v) casaminoacids at 32° [12, 7]. Cultures -
were labelled with **C-uracil (0.13 pCi/ml, 15 pg/ml)
for at least two generations. Growth was measured as
absorbance at 500 nm and plotted as log; {13].
Harvesting and lysis in 10 mM Mg?* was as described
by Godson and Sinsheimer [14] . Lysates were layered
onto 4.0 ml of 15-30% (w/v) linear sucrose gradients
above a 0.5 ml “cushion” of 50% sucrose, all in 10
mM tris-HCI buffer, pH 7.3, containing 10 mM Mg?*
and 6 mM KCl. They were centrifuged immediately

at 5° in the SW rotor of the Beckman Spinco L2 cen-
trifuge for 70 min at 50,000 rpm. The gradients were
fractionated and collected as 6-drop fractions in
parallel sets of tubes; the middle 2-drops of each frac-
tion were used for absorbance measurements at 260
nm. After plotting the profiles from the A,4, readings,
the 70 S peaks (3 or 4 tubes) of the 4-drop fractions
were pooled and diluted two-fold in the Brij-lysing
mixture to reduce the sucrose concentration to below
12%. After addition of 0.1 ug/ml RNase to the pooled
fractions, and incubation for 5 min on ice, 0.5 ml
portions were layered onto similar sucrose gradients
in 10 mM tris-HC] buffer, pH 7.3 containing 2 mM
Mg® and 6 mM KCl [8], and centrifuged immediately
for 2 hr at 48,000 rpm in the SW 50 rotor. These
gradients were collected as before in 6-drop fractions
and the fractions precipitated and counted (in a
Nugclear-Chicago end-window, gas-flow counter) as
described [4] . Dihydrostreptomycin was obtained as
a gift from Glaxo Laboratories and contained 780
[U/mg base. 1*C-Uracil was obtained from the Radio-
chemical Centre, Amersham. Brij 58 was a gift from
Honeywell-Atlas Ltd. (Carshalton, Surrey). All other
reagents were reagent grade.
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3. Results

Lysates from untreated cultures, harvested during
exponential growth and centrifuged as above in 10
mM Mg** yield ribosome patterns which show consider-
able proportions of polysomes and variable amounts
of 70 S particles. Cultures which have been deprived
of nitrogen source by filtration, washing and resuspen-
sion in fresh medium lacking casaminoacids, cease to
grow within 15—20 min. Samples harvested during
this period show rapid disappearance of polysomes
and accumulation of 70 S particles [3] . However, Ron
et al. [8] showed that lysates prepared in 10 mM Mg®*
from cultures subjected to “run-off” conditions had
different sedimentation properties in 2 mM Mg?* than
did similar lysates prepared from exponentially growing
cultures, after brief treatment with RNase to disrupt
polysomes. We have confirmed this distinction, although
with our centrifugation programme the “run-off” ribo-
somes do not appear as a single, displaced peak, but
arc dissociated into 50 S and 30 S subunits. Fig. 1 il-
lustrates an experiment in which a portion of a logphase
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Fig. 1. Ribosome sedimentation patterns from log-phase con-

trol and nitrogen-deprived cultures of Escherichiz coli C 600.

a) Sucrose gradient profiles of lysates L1 and L2, prepared as
described and centrifuged for 70 min at 50,000 rpm in 10
mM MgZ+.

b} Sucrose gradient profiles of the 70 S peak material harvested
from the gradients in 10 mM Mg®* and recentrifuged for 2
hr at 48,000 rpm in 2 mM Mz2". «—e L1 = control;
x—=x L2 = nitrogen-deprived culture.
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Fig. 2. Ribosome sedimentation patterns from cultures of

Escherichia coli C 600 treated with dihydrostreptomycin.

a) Growth, as logs Asgo of control and culture after addition
of 20 ug/ml dihydrostreptomycin (DHS). Arrows show
times at which three samples from the DHS-treated culture
were harvested for preparation of lysates and for measure-
ment of residual growth rates after filtration and resuspen-
sion in antibiotic-free medium. o——o growth of control;
=—= growth after addition of DHS; &—e 81 = growth
of sample resuspended after 70 min growth in the presence
of DHS; x- - - -x §2 = growth of sample resuspended after
90 min growth in the presence of DHS; o—a $3 = growth
of sample resuspended after 115 min growth in the presence
of DHS.

b) Sucrose gradient profiles of lysates S1, $2 and 83, prepared
as described and centrifuged for 70 min at 50,000 rpm in
0 mM Mg2+.

¢) Sucrose gradient profiles of the 70 S peak materials har-
vested from the gradients in 10 mM Mg2+, and recentri-
fuged for 2 hr at 48,000 rpm in 2 mM Mg?*. e—e 51;
X----x82; a—a 83,

To give greater clarity the base lines for the three gradients in

2b and 2c are separated as indicated by the arrows: the scales

are the same.
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control was deprived of amino acids as described and
lysates from both analysed on sucrose density gradi-
ients. In 1a the gradient profiles show the relative
proportions of polysomal and 70 S material at 10

mM Mg?*. Upon harvesting the 3 tubes from each

of the 70 § peaks in 10 mM Mg** and recentrifuging
in 2 mM Mg?* for 2 hr the control sedimented almost
entirely as 70 §, whereas the material from the amino
acid-starved cultures dissociated completely into

50 S and 30 S subunits (fig. 1b). Fig. 2 illustrates

an experiment in which dihydrostreptomycin (20 ug/
ml) was added to an exponentially growing culture
and 3 samples removed at the indicated times (2a) and
assayed for ribosomal sedimentation patierns and for
growth rates after removal of extracellular antibiotic
[10, 7] . The gradient profiles in 10 mM Mg** (2b)
show that the proportion of 70 S to polysomal material
increased in the successive samples. Recentrifugation
in 2 mM Mg?* of the three 70 S peak tubes from each
of these gradients shows 3 different patterns (2¢): the
earliest sample, harvested when growth rate was about
60% inhibited, is similar to the log-phase control in fig.
1. The last sample, harvested when growth was almost
completely inhibited, resembles the sample from the
amino acid-starved culture, showing predominantly

50 S and 30 S peaks, although there is also a small
peak at 70 §. The intermediate sample, harvested when
growth was approximately 80% inhibited, shows inter-
mediate behaviour, i.e. equivalent amounts of 70 5
and 50 S material.

4. Discussion

1f dihydrostreptomycin, by combination with free
30 S ribosomal subunits [5=7, 15, 16] led to the for-
mation of “stuck initiation complexes” [1] one would
expect these to accumulate at the expense of poly-
somes in paralle) with the antibiotic effect. However,
loss of polysomes and accumulation of 70 8§ ribosomes
is a concomitant of many conditions which slow or
inhibit growth, including conditions imposed during
harvesting [3,4, 8, 14]. The crucial question then is:
“What is the nature of the 70 S material obtained in
10 mM magnesium?* The “special streptomycin-mono-
somes” proposed by Luzzatto et al. [1, 2], having at-
tached mRNA, and perhaps a dipeptidyl-tRNA, should
behave like monosomes found in exiracts from log-
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phase cultures prepared by alumina-grinding, or
derived from polysomes by brief treatment with
RNase [8]. Such monosomes have been characterized
here (control, fig. 1) and by Ron et al. [8] as sedi-
menting at 70 S in 2 mM Mg®*. In contrast, “run-off”
70 S ribosomes, free of mRNA and peptide chains dis-
saciate completely into 50 § and 30 S subunits in 2
mM Mg** under our conditions of preparation and
centrifugation (fig. 1). Applying this differentiation to
a culture whose growth is gradually inhibited by ac-
cumulation of intraceltular dihydrostreptomyecin [11]
and its interaction with 30 S ribosomes, we find at the
earlier stages of growth inhibition mainly monosomes
sedimenting as 70 S in 2 mM Mg**. The progress of
growth inhibition, however, is parallelcd by increas-
ing accumulation of “run-off” 70 S ribosomes, Clear-
ly this conflicts with the above prediction from the
model of Luzzatto et al. [1, 2] and suggests that the
interaction of dihydrostreptomycin with ribosomes

in vivo must allow some translational movement, sub-
sequent to initiation. This is also consistent with our
earlier conclusions [3,4] and with the interpretation
of recent in vitro studies [17]).
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