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Assay of Random RNA Oligomerisation in Buffers with
High Concentrations of Divalent Metal Ions

Alexander Vlassov*

Somagenics, Inc., Santa Cruz, California, USA

ABSTRACT

Certain conditions, such as high concentrations of divalent metal ions in the reaction
buffer or low pH, can cause aggregation and precipitation of RNA species with
complementary sequences. If oligomerisation has gone unnoticed, some sequences
from the pool of random RNA may be underrepresented or even lost at the very
beginning of the selection experiment. Two simple assays for RNA oligomerisation
are suggested. One is based on electrophoresis in non-denaturing gels, and the other
uses gel-filtration.
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Currently combinatorial library selections through the systematic evolution of
ligands by exponential enrichment (SELEX) technique is widely used to identify
nucleic acid molecules with desired properties.'*! This powerful technique have
numerous applications ranging from basic research reagents to the identification of
novel diagnostic and therapeutic reagents based on aptamers and ribozymes.>* Since
the systems used are very complex and sensitive, even seemingly slight changes can
severely affect the outcome of selection, and thus reaction conditions should be chosen
wisely. To select for some specific activities, one sometimes has to use buffers with
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moderate and high concentrations of divalent metal ions. It is widely known that certain
multivalent metals, such as Zn®*, Pb**, Mn?*, Mg?*, can cause nucleic acid
degradation. However fewer people are aware of the fact that RNA species with
complementary sequences can also aggregate and precipitate in these conditions. In
experiments with RNAs containing random sequences, more than half of the pool RNA
taken for selection was found to aggregate when incubated in buffer containing 50 mM
MgCl,, 500 mM KCI and 0.5 uM RNA.! If oligomerisation has gone unnoticed, some
sequences may be underrepresented or even lost at the very beginning of the selection
experiment. Here two simple assays for RNA oligomerisation are described.

The first method used for analysis of complex formation was electrophoresis in
non-denaturing gels. A 102-nt internally *?P-labeled RNA pool with 60-nt random
region was generated from T7 promoter sequence by in vitro transcription. 100 pmol
(30 pl) of RNA was heated in water at 65°C for 3 min, then 10 x selection buffer was
added (1 x : 50 mM HEPES pH 7.0, 100 mM NaCl, 40 mM KCI, 0-20 mM MgCl,,
0-10 mM CaCl,), solution was cooled to room temperature over 15 min, then mixed
with 6 x loading buffer (0.25% bromophenol blue, 0.25% xylene cyanol, 30% glycerol
in water) and loaded on a 8% non-denaturing polyacrylamide gel. The gel was run in
selection buffer at room temperature using a 20 V/cm field for 1-2 h and analysed by
phosphorimager (Molecular Imager FX, Bio-Rad).

It was found that random RNA is monomeric in buffer containing up to 5 mM
Ca® and 5 mM Mg** (Fig. 1A, left). However increase of Mg>* and Ca®*
concentration up to 20 mM and 10 mM, respectively, results in considerable
oligomerisation of RNA molecules. Under these salt conditions, about 90% of RNA
aggregate in complexes large enough to completely prevent migration in 8%
polyacrylamide gel (Fig. 1A, right). Similar results were obtained with 2% agarose
gels and using RNA libraries (10—1000 pmol) containing different length of the
random region (40—80 nt). Aggregation is even more pronounced at low pH (< 5.0)
since nucleic acids are known to precipitate under acidic conditions.

The second method used for analysis of the complex formation was gel-filtration.
100 pmol (30 pl) of the folded internally **P-labeled RNA were loaded on a Sephacryl
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Figure 1. Analysis of random RNA pool for oligomerisation. (A) Random RNA analysis in 8%
polyacrylamide gel. Left, buffer contains 5 mM MgCl,, 5 mM CaCl,; right, buffer contains
20 mM MgCl,, 10 mM CaCl,. (B) Random RNA analysis on a Sephacryl S-1000 gel-filtration
column. (A), buffer contains 5 mM MgCl,, 5 mM CaCl,; ([0), buffer contains 20 mM MgCl,,
10 mM CaCl,.
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S-1000 gel-filtration column (65 x 2.2 mm, Amersham Pharmacia), the column was
run in selection buffer, fifty-microliter fractions were collected and radioactivity
measured. The obtained results were identical to above discussed results from non-
denaturing gel electrophoresis. At high concentration of Mg®* and Ca®* RNA aggregate
and complexes appear in the column void volume while monomeric RNA is retarded
(Fig. 1B). The gel-filtration method has the following advantages: 1) high salt
concentration does not interfere with the analysis as in case of native gel elec-
trophoresis; 2) fractionation is much faster—it takes 20—30 min as compared to 1-2 h
in case of electrophoresis assay.

In summary, if selection is to be performed at high concentrations of divalent
metal ions, analysis of RNA oligomerisation in the experimental conditions should be
done. Of the two methods tested gel-filtration on Sephacryl S-1000 column is
preferable. In case of intensive complex formation RNA can be immobilized on
agarose beads before the addition of divalent ions to minimize problem of
aggregation.'!
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