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Directed cleavage of RNA within an imperfect complementary complex
by oligonucleotide—bleomycin A5 conjugates
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It was demonstarted for the first time that RNA can be subjected to site-specific oxida-
tive cleavage induced by the glycopeptide antibiotic bleomycin A5 (Blm) covalently
linked to the 3’-terminus of an oligodeoxyribonucleotide through two, three, or four
residues of hexaethylene glycol phosphate (p-heg),. The oligonucleotide conjugate
with bleomycin forms an imperfect complementary complex with the RNA to be

cleaved

(5"-prCGGAGUUGGAAAACAAUGAAAAGGCCCCCA/BIm-(p-heg),-3"-

pdGCCTCACCTTTTGTTA). The cleavage occurs at the only nucleotide residue (U) pre-
ceding a one-nucleotide bulge in the RNA chain, which is formed due to imperfect
complementarity between the oligodeoxyribonucleotide and the RNA to be cleaved.
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Reactive derivatives of oligonucleotides serve as a
powerful tool in studies of the functions of nucleic acids
(NA) and proteins, they are widely used in the modern
molecular biology. Since these derivatives can bind site-
specifically to NA thus influencing their functions, they
can also find use in medicine as promising selective anti-
tumor and antiviral drugs. Antisense oligonucleotides are
able to "turn off" expression of a particular gene in the
stage of translation through the formation of a comple-
mentary complex with mRNA.

Oligonucleotide conjugates with the glycopeptide an-
tibiotic bleomycin (1 (BIm)) occupy a special place among
reactive oligonucleotide derivatives due to the ability of
bleomycin containing the metal-binding center to per-
form oxidative cleavage of several NA molecules.! The
iron-containing complex of bleomycin is activated by
molecular oxygen. The activated bleomycin complex in-
duces selective oxidation of a deoxyribose (ribose) resi-
due. In the presence of molecular oxygen, this leads to
DNA (RNA) chain cleavage. In the presence of a reduc-
ing agent, repeated activation of the bleomycin molecule
and repeated NA cleavage can take place. When involved
in conjugates with oligonucleotides, the bleomycin resi-
due retains the above-described properties.

Previously, we have demonstrated that oligonucle-
otide conjugates with bleomycin Aj efficiently and site-
specifically cleave single-stranded DNA,2 whereas cleav-
age of RNA is inefficient.3 It is known that some RNAs
with different biological functions are efficiently cleaved
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by free bleomycin.# In particular, the cleavage of 5S
yeast ribosomal RNA occurs at the nucleotide residues U
in the 5"-GUA-3" sequences preceding one-nucleotide
bulges.4 Apparently, these regions of the RNA structure
serve as sites of the preferential binding of bleomycin in
the conformation favorable for selective oxidation of the
ribose residue.

In the present study, we demonstrated that the struc-
ture of an RNA target can be subjected to local changes
with the use of the oligonucleotide component of conju-
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gates by forming complexes which contain regions of
preferential cleavage by bleomycin. This approach was
used for the cleavage of a 30-mer fragment of the oncogene
c-myc mRNA (2) by free bleomycin and conjugates of
the latter with a 16-mer oligodeoxyribonucleotide.
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Experimental

Bleomycin A5 hydrochloride was purchased from the Insti-
tute of Organic Synthesis (Latvia) and 30-mer oligoribo-
nucleotide 2 was purchased from CyberSyn (USA).

Oligodeoxyribonucleotide 3 was prepared by the phosphor-
amidite method on an automatic ASM-700 synthesizer (Biosset,
Russia). Oligodeoxyribonucleotides with linkers were synthe-
sized starting from the monomers which were prepared accord-
ing to procedures described previously.> The relative sizes of
the linkers and the hybrid duplex were estimated using the
HyperChem 5.0 program package. Conjugates 4, 5, and 6 were
synthesized according to a known procedure.® (The synthesis
will be described in detail elsewhere.) The conjugates were
isolated by high-performance ion-exchange chromatography
on a Resource Q, 1 mL column (Pharmacia Biotech, Sweden)
and high-performance reversed-phase chromatography on a
Polysil RP-18 sorbent (Teoreticheskaya praktika [Theoretical
Practice], Russia). The homogeneity of the conjugates was con-
firmed by gel electrophoresis in a denaturing polyacrylamide
gel followed by visualization using the Stains-all dye (Acros
Organics, USA). The electronic spectra of the conjugates have
a characteristic absorption band of the bleomycin residue in
the region of 300—330 nm. The ratio €,4y/e319 = 12.4 for com-
pounds 4, 5, and 6 is close to the calculated value g,q/e379 = 12.1
for the 1 : 1 stoichiometry of the addition of the oligonucle-
otide to the antibiotic.

The 32P-labeled RNA target was prepared according to a
known procedure’ with the use of [y-32P] ATP (Biosan, Russia)
and polynucleotide kinase (EC 2.7.1.78) (SibEnzim, Russia).

The concentrations of oligonucleotides and their deriva-
tives were determined by spectrophotometry. The molar ab-
sorption coefficients of oligonucleotides at » = 260 nm were

calculated according to a procedure described previously.3 The
contribution of the antibiotic residue was taken equal to
16000 L mol~! cm~1.9

The modification of the 32P-labeled RNA target was car-
ried out in a buffer solution (10 pL) containing 0.2 M LiCl,
0.01 M Tris-HCI (pH 7.5), and 0.05 M 2-mercaptoethanol. The
reaction was initiated by adding a solution of Fe(NH,),(50,),
prepared in argon-saturated twice-distilled water to the con-
centration of 1+10~* mol L~1.* The concentration of the RNA
target was 1+107¢ mol L—!. The concentrations of the conju-
gates and free bleomycin were 1-107> mol L~!. The reactions
were carried out at 20 °C for 4 h. The reaction mixtures were
analyzed by electrophoresis in 20% polyacrylamide gel under
denaturing conditions (0.09 M Tris-H3;BO3, pH 8.3, 8 M
urea, 40 °C).

The gel-electrophoresis autoradiographs were obtained by
exposure of a CP-BU NIF 100 film (AGFA, Belgium) at —20 °C.

The extent of cleavage of the RNA target was determined
as the ratio between the intensity of the band corresponding to
the cleavage product and the overall intensity of the autoradio-
graph lane. The relative intensities of the bands were deter-
mined with the use of the GelPro program package.

Results and Discussion

The 30-mer fragment of the oncogene c-myc mRNA
(nucleotides 7041—7070; hereinafter, RNA target 2) was
used as the target. It was demonstrated that this fragment
was not cleaved by free bleomycin in the concentration
range of 1—10 pmol L~!. No cleavage by bleomycin was
also observed within the perfect hybrid duplex formed by
RNA target 2 and the 17-mer oligodeoxyribonucleotide
3"-pdGCCTCAACCTTTTGTTA-5" (the data are not
presented). The efficient cleavage of this RNA target by
free bleomycin was achieved within the hybrid duplex
with oligodeoxyribonucleotide 3 (Fig. 1). In this case, an
imperfect duplex with a one-nucleotide bulge in the
RNA chain is apparently formed due to imperfect
complementarity between 16-mer oligonucleotide 3 and
RNA target 2. The cleavage occurred at the nucleotide
residue U6 adjacent to the bulge containing the resi-
due U7. The degree of cleavage was 30%. Hereinafter,
only direct cleavages of the RNA chain, which were
observed without additional treatment, were registered.

Then, we attempted to form an analogous imperfect
duplex with the use of bleomycin derivatives of oligo-
nucleotides. Conjugates 4, 5, and 6, whose sequences
are identical with the sequence of oligonucleotide 3,
were synthesized. For the bleomycin residue that is at-
tached to the 3 -terminus of the oligonucleotide to reach
the desired cleavage site, flexible linkers consisting of
two, three, or four hexaethylene glycol phosphate resi-
dues, respectively, were inserted into the conjugates.

* Since the amount of oxygen dissolved in water under normal
atmospheric pressure is sufficient for the activation of the iron
complex with bleomycin, no oxygen was specially introduced
into the reaction mixture.
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Fig. 1. Gel-electrophoresis autoradiograph of the cleavage prod-
ucts of the 3?P-labeled RNA target in the presence of oligo-
nucleotide 3 and free bleomycin (7), of conjugate 4 (2), of
conjugate 5 (3), and of conjugate 6 (4). L is statistical hydroly-
sis of the RNA target in 0.2 M NaHCOj3, pH 8.9. The reaction
conditions are given in the Experimental section.

According to an estimate made with the use of mo-
lecular models, the lengths of all three linkers are larger
than the distance between the 3’-terminal phosphate
group of oligonucleotide 1 in conjugates 4, 5, and 6 and
the cleaved nucleotide residue in the RNA target in-
volved in the hybrid duplexes.

As can be seen from Fig. 1, the cleavage of the RNA
target in the presence of conjugates 4, 5, and 6 occurred
at the nucleotide residue U6. The efficiency of cleav-
age in the complex depends on the length of the
linker between the bleomycin residue and the oligo-
nucleotide. The extent of cleavage of the RNA tar-
get by conjugates 4 and 5 was 8% and 12%, respec-
tively. The maximum efficiency of cleavage (18%) was
achieved in the presence of oligonucleotide 6 containing
four hexaethylene glycol phosphate residues in the
linker. Evidently, duplexes formed by conjugates 4, 5,
and 6 with the RNA target, like that formed by oligo-
nucleotide 3, contain the one-nucleotide bulge in the
RNA chain.

The enhancement of the efficiency of RNA cleavage
with an increase in the length of the linker in the conju-
gate is apparently associated with the fact that bleomycin
must be bound in a definite conformation necessary for
the interaction between the activated bleomycin residue
and ribose.

The efficiency of the modification of the RNA target
by conjugate 6 decreases upon the addition of oligo-
nucleotide 3, which competes with conjugate 6 for the
binding site in the RNA target (Fig. 2). This indicates
that the cleavage of the RNA target by conjugates 4—6 is
complementary addressed.

Fig. 2. Gel-clectrophoresis autoradiograph of the cleavage prod-
ucts of the 32P-labeled RNA target by conjugate 6 in the pres-
ence of oligonucleotide 3 at the concentration of 0.1-10° (7),
0.5-1070(2), 1107 (3); 5107 (4), and 1-10~5 mol L~! (5);
6 is the RNA target under the reaction conditions. The reac-
tion conditions are given in the Experimental section.

The above-considered data provide evidence that the
use of the oligonucleotide component of bleomycin-con-
taining conjugates for the formation of bulged complexes,
which contain regions of the preferential cleavage of
RNA by bleomycin, makes it possible to perform effi-
cient complementary addressed RNA cleavage by such
conjugates.
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