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1. Introduction

In recent years the classical Al** reagent, aurintri-
carboxylic acid (ATA), has found a new application
as an inhibitor of chain initiation in protein and RNA
synthesis [1,2]. As might be anticipated from the

chemical properties of this reagent, its QP]P(‘“V”V as
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an initiation inhibitor depends on the concentration
[1,2], and the effect is also influenced by the compo-
sition of the system [3,4]. It is usually held that in
mammalian systems protein initiation is selectivily
inhibited by 107°—~10"*M ATA. At 107> M, chain
elongation is already strongly affected, and the sed1-
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The present experiments indicate that conforma-
tional alterations of mammalian ribosomes are
induced by ATA at remarkably low concentrations
(well below 10~ M), apparently due to the affinity
of the reagent to basic ribosomal proteins. These
alterations are not necessarily deleterious to individual
ribosomal functions. The strong interaction
of ATA with basic proteins in solution can be utilized
in gel electrophoresis, allowing even minor bands to
be detected without conventional staining, and
excised with great accuracy for further processing.

2. Materials and methods

2.1. ATA and ribosomal conformation

Rat liver ribosomes [5] were suspended in a
medium of 75 mM KCl, 5mM MgCl,, 20 mM Tris—
HCI buffer (pH 7.7) and 1 mM mercaptoethanol,
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centrifuged for 7 min at 15 000 g and adjusted to
5.5 A,60 units/ml. After incubation for 10—15 min
(35°C) with ATA at different concentrations, the
suspensions were diluted with 1.5 volumes of plain

medium and centrnugea for 60 min (4 L) at 50 0U0

rev/min (Spinco rotor 50 Ti). The pellets were suspend-
ed in the same medium at 4050 4. - units/ml. and
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tested for the unmasking of ribosomal proteins by
treatment with chymotrypsin (5 mg/ml, 20 min 0°C)
as described previously [6] . Proteins were extracted
with 0.2 M HCl and analyzed by electrophoresis in
12.5% polyacrylamide gel, pH 4.3 [6-9].

VY ATA no am sirtovns] ctoin 3v rathadio ool olonfen
L2V Rave W § ./'l QO QI LriiCrriietl otetre iri cuirtQuic 5Cl ciceiro-
phoresis

Polyacrylamide gel electrophoresis of ribosomal
proteins was carried out in 5 X 150 mm columns of
7.5% or 12.5% polyacrylamide gel pH 4.3 [6-9] . or
(for preparative purposes) in 4 X 100 X 200 mm 7.5%
gel slabs. All gels contained 7 M urea. ATA (2.5-25
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added) was included from the beginning in the cathode
buffer (70 mM B-alanine in 27.5 mM acetic acid).
Electrophoresis was for 16 hr at 6—8 V/cm and about
4°C. For preparative purposes the sharp protein bands
were excised, homogenized with equal volumes of

3 M HAc and left overnight at 0—5°C. The proteins
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Two-dimensional electrophoresis of 7.5% gel
columns (or gel sections) containing ATA-protein
bands was carried out as described previously [6],
using 10% polyacrylamide gel (pH 7.2) with 0.1%
sodium dodecyl sulfate in the second (anodic) direc-
tion.
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2.3. Peptidyl transferase assay

The synthesis of puromycin peptides was analyzed
in a system which, in final volumes of 120 ul, con-
tained 4.0 4,40 units/ml of rat liver ribosomes,
0.1-1.75MKCI [11,12], 8.5 mM MgCl,, 16.5 mM
Tris—HCI buffer (pH 7.7 at 20°C), 1 mM mercapto-
ethanol and 10751073 M ATA. After pre-incubation
for 10—15 min at 35°C, 0.6 uM [® H] puromycin
(Amersham, 3.7 Ci/mol) was added, and the complete
system was incubated for 4 min at 20°C. Polypeptide-
bound puromycin was determined as described by
Pestka [13]. Puromycin-induced release of nascent
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peptides from prelabelled rat liver ribosomes was
determined as described previously [11,12] after pre-
incubation with ATA as specified above.

3. Results and discussion

When exposed to ATA at increasing concentrations,
rat liver ribosomes showed progressive structural
disarrangement, as indicated by the unmasking of
normally shielded proteins (fig.1). At low ATA concen-
trations the unmasking primarily involved a protein
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Fig.1. Unmasking of ribosomal proteins by ATA. Rat liver ribosomes were incubated for 15 min. (35°C) with ATA at the concen-
trations indicated. After repelleting, the ribosomes were tested for protein unmasking by treatment with chymotrypsin (5 ug/ml,

20 min at 0°C). The proteins were extracted and analyzed by electrophoresis in 12.5% polyacrylamide gel (80 ug protein per
column). A, B, Control ribosomes before and after chymotrypsin treatment; C, ribosomes incubated with 10-* M ATA; D, ribosom-
es incubated with 3 X 107* M ATA. Black arrows indicate unmasking.
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(‘protein 10°) in the large subunit, characterized by
particularly high conformational flexibility [6,7].
Under the conditions described, the unmasking of
this protein was already noticeable at 107 M ATA.

Although the rate of unmasking increased with increas-

ing temperature, the reaction was not strictly tempe-

rature-dependent (cf. [6,7] ), and was only moderately

influenced by alterations in the K™ and Mg?* concen-
trations.
At limiting ATA concentrations the extent of

unmasking was inversely correlated with the ribosome

concentration. The reaction was also counteracted by
added soluble proteins, suggesting that the concen-
tration of free reagent was effectively reduced by
interaction with positively charged polypeptide
sequences.

This was confirmed by preliminary double-diffusion

experiments in agarose gel, which indicated that ATA
formed very sharp precipitation lines with basic pro-
teins, e.g. ribosomal protein extracts. A pattern of
similar precipitates was obtained in cathodic gel

electrophoresis of ribosomal proteins , when ATA was

included in the cathode buffer (fig.2). The pattern
was very similar to that observed after conventional
staining and destaining, except for a general increase
in staining intensity towards the cathodic end of the
pattern (figs.1 A, 2A,C). The sensitivity of detection
was comparable to that of conventional methods
(figs.1A, 2B,C). From 7.5% gel slabs the coloured
bands could be excised with great accuracy, and the
proteins recovered on a preparative scale (fig.2A B).
The ATA—protein complex was dissociated by SDS,
and after equilibration with SDS-buffer 7.5% gels
could be used directly for two-dimensional
electrophoresis {6].

The difference between free and structure-associa-
ted ribosomal proteins in their susceptibility to ATA
may reflect the extensive shielding of positively
charged groups in the intact ribosomes [9]. The
restricted availability of internal protein sites is fur-
ther illustzated by the fact that neither puromycin
binding, nor puromycin-induced release of nascent
peptides was impaired after incubation of rat liver
ribosomes with ATA under the conditions described
in fig.1. On the contrary, there was a noticeable
stimulation (data not shown). The preferential inhibi-
tion of initiation by ATA at low concentrations may
be related to the basic character of at least one of the
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Fig.2. The use of ATA as an internal stain in cathodic gel
electrophoresis. A, Section of 7.5% gel slab used for the
preparation of rat liver ribosomal proteins; B, sample (1 ug)
of protein recovered from the excised, minor band ‘6’, and
analyzed by electrophoresis in 12.5% gel; C, control gel
(12.5%) with 50 ug ribosomal protein. The concentration of
ATA in the cathod buffers was 25 X 10°* M (A) and

2.5 X 1075 M (B.C).

initiation factors [14] in combination with their less
effective structural shielding.
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