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SUMMARY

Ribosomes treated with an intercalating dye
(ethidium bromide or acridine orange) are degraded
more rapidly by RNase I than untreated ribosomes.
Spermidine or spermine counteracts to great extent
the effect produced by the intercalating dye. It
appears that the intercalation leads to the 'loosen~
ing' of the structure of the ribosome which is also
reflected in the decreased inhibitory capacity of
the treated ribosomes towards RNase I. Intercala-
tion appears to decrease the affinity of rRNA
towards proteins causing the structure of the
ribosome to become unfolded.

INTRODUCTION

The intercalating dyes like ethidium bromide and
acridine orange have been extensively used to study the
structure of polynucleotides (1,2). Acridine orange binds
to RNA in yeast ribosomes (3); ethidium bromide binds to
free rRNA as well as to rBNA in ribosomes (4). 1In this
laboratory the mechanism of artificial association of RNase I
with 30S subunit (5) is being investigated in detail (6).
Because the hydrolytic attack of RNase I on the ribosome
depends on the conformation of the ribosome (7) this associa-
tion ecan be utilised to study the structural topography of

ribosomes. In the present communication the effects of
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intercalating agents on the structure of the ribosomes as

monitored by RNase I will be described.

MATERIALS AND METHODS

Poly(A) was the product of Miles Laboratories, U.S.A.
Spermidine, spermine, bovine serum albumin and ethidium
bromide were purchased from Sigma Chemical Co., U.S.A. Acridine
orange was the product of British Drug House, England.

E.coli ribosomes and S.typhimurium RNase I were
Prepared as described earlier (3)- osomes were treated
with ethidium bromide or acridine orange according to the
method of Stevens and Pascoe (4),

The degradation of ethidium bromide-or acridine
orange-treated and untreated ribosomes by RNase I was followed
in Zeiss PMQ II spectrophotometer. The reaction was carried
out in the cuvette at 25°C in a total volume of 1 ml contain-
ing 0.1 M Tris-HC1 pH 7, 1 Asgo unit of treated or untreated
ribosome, 4 units of RNase I ?6) and desired amount of Mg*+*+.

A blank mixture without the enzyme was used to adjust the
initial absorbancy of the reaction mixture to zero.

The inhibition of RNase I-catalysed hydrolysis of

poly(A) by treated and untreated ribosomes was measured
aceording to the method described by Datta and Burma (6).

RESULTS AND DISCUSSION

Degradation of ethidium bromide-and acridine orange-treated

ribosomes by RNase I: Ethidium bromide treatment seems to

produce a large amount of distortion in the ribosomal structure
(Fig.1A). At a Mg++ concentration of 1.35 mM the untreated
ribosomes are completely protected against RNase I, whereas

the treated ribosomes are degraded at a reasonably fast rate.
When Mg++ concentration is lowered to 0.35 mM the treated
ribosomes are degraded at a much faster rate whereas the
untreated ribosomes are degraded slowly and incompletely.
Similar differences are also observed at other Mg++ concen-
trations. Even at a very high Mg++ concentration (5 mM) the
treated ribosomes are not completely protected against RNase I.
Similar results were obtained following treatment with acridine

orange (Fig.1B). These results suggest that the distortion
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Fig.l.Degradation of ethidium bromide (A) and acridine orange (B)
treated ribosomes by RNase I at different Mg*+ concentra-
tions. The treatment of ribosomes with ethidium bromide
and acridine orange and the assay were carried out as
described under 'Materials and Methods'. Closed symbols
and open symbols represent untreated and treated ribosomes
respectively. Mg*+ concentrations (mM) are A.®O 0,35
AAO.T;m1.35;m{2.35;me5.0 B,e00.35:AA0,7Tsm01.0;
mOl.35;m < 2.36.

produced by the intercalating agent leads to the unfolding of
the overall structure of the ribosome and makes it amenable to

the attack of RNase I.

RNase I catalysed degradation of treated ribosome in presence

of polycationic amines: Polycationic amines have profound

influence on the structure and function of the ribosome
(4,7-10). It is well known that polycationic amines such as
spermidine and spermine cause the overall structure of the
ribosome to become tightened and thus mimick the effect of Mg++.

Spermidine or spermine was found to decrease the rates of
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degradation of both ethidium bromide-treated and untreated
ribosomes (Fig.2). Similar results were obtained with
ribosomes treated with acridine orange (data not shown). Thus
the presence of a polycationic agent reverses the distortion
produced in the ribosome by the intercalating agent.

Inhibition of RNase I by ribosomes treated with the intercalating

agents: Ribosomes have the ability to inhibit the hydrolysis

of a polynucleotide as catalysed by RNase I and this inhibition
++

is dependent on the concentration of Mg (6). This inhibitory

capacity which is dependent on the overall structure of the
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Fig.2.Degradation of ethidium bromide treated ribosomes in
presence of spermidine (A) and spermine (B). The assay
was carried out as described under 'Materials and Methods'
excepting that indicated amount of spermidine or spermine
was present where mentioned. The concentration of Mg*+
during assay was invariably 0.35 mM. Closed symbols and
open symbols represent untreated and treated ribosomes
respectively. Spermidine conecentrations (mM) are
AOOnil;AAN0.05;M 0.25;m ) 0.5. B.® O nil;AA0.01;
mO0.05; m ) 0.125.
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ribosome, is also profoundly affected by treatment with the
intercalating dyes (Fig.3). For example, at a Mg++ concentra~
tion of 0.8 mM the ethidium bromide-oxr acridine orange-treated
ribosomes are poor inhibitors of RNase I whereas considerable
inhibition, dependent on the concentration of ribosomes, is
observed with the untreated ribosomes. At 5 mM Mg++ the
difference in the inhibitory capacities of the treated and
untreated ribosomes becomes smaller but there is definitely

less inhibition proeduced by the treated ribosomes.

Studies carried out in this laboratory with the

ribosomes treated with the thiol reacting reagents like N-ethyl-
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Fig.3.Inhibition of RNase I by ribosomes treated with ethidium

bromide (A) and acridine orange (B). The treatment of
ribosomes with ethidium bromide and acridine orange and
inhibition assay have been described in the text. Clesed
symbols and open symbols represent untreated and treated
rivosome respectively.® O assayed at 0.8 mM Mg*t+

A N assayed at 5.0 mM Mg*+.
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maleimide, parachloromercuribenzoate, 5,5'-dithiobis(2-nitro-
benzoic acid), indicate similar unfolding of the structure of
the ribosome. Apparently the distortion produced in the
structure of either rRNAs or proteins present im the ribosome
leads to the weakening of the interaction between nucleic acids
end proteins and thus the 'loosening' of the overall structure
of‘the ribosome. RNase I appears to be a useful tool for

monitoring such conformational change.
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