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Bleomycin (BLM) is a natural antibiotic that is effective in treatment of selected can-
cers. Although the exact therapeutic mechanism of bleomycin is not known, its target
is thought to be a nucleic acid. Besides cleaving DNA, in vitro, Fe-bleomycin cleaves
the anticodon of yeast tRNAFRe specifically. Using CD and fluorescence spectroscopy
we have found that apo-bleomycin binds to synthetic RNA analogs of the anticodon of
yeast tRNAPh" with an affinity similar to that previously reported for DNA. In order to
understand BLM's selectivity, the role magnesium ions play in RNA moﬂiﬂm
should be explained. Many RNA substrates for Fe-BLM, including veast tRNA" ", are
not cleaved by the drug when the 1"4'13,‘2+ concentration exceeds 1 mM. Competition ex-
periments with anticodon analogs provide insight into the role of magnesium ions in
RNA recognition by BLM. These simple modified RNAs may be useful as model sys-
tems for investigating BLM/RNA recognition and development of highly selective

drugs toward RNA targets.

The bleomycins (BLM, Fig. 1) are natural
glycopeptide antibiotics [1] approved as anti-
neoplastic agents for the treatment of carcino-
mas and lymphomas [2]. While administered
in the apo form, their therapeutic effect is at-
tributed to hydrolytic degradation of DNA [3]
and possibly RNA [4] by the Fecomplexed

form. Strong evidence exists that selective
BLM's binding of RNA is entirely different
than that of DNA. BLM binds ENA far more
selectively with a preference to cleave RNAs
at the junction between double- and single-
stranded regions [5]. Also the anticodon of
yeast tRNA"P has been shown to be a sub-
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Scheme 1. Bleomycin is a natural antibiotic that in commercial form contains two forms, A, and By, that

vary only in the polyamine R group.

strate for Fe-BLM [6]. Like in the case of many
RNA substrates, the Fe-BLM mediated cleav-
age of yeast tRNAFP® is sensitive to the pres-
ence of Mgz* ions, which can completely in-
hibit cleavage of some RNAs substrates by Fe-
BLM at ion concentrations above 1 mM [7].
The reasons for magnesium selectivity are un-
known, but an understanding of them may be
critical for the design of new therapeutics.
One factor that strongly influences Mg?'
binding to RNAs, and may influence BLM se-
lectivity, are natural post-transecriptional
modifications [8]. We have recently synthe-
sized a series of RNA oligonucleotides analo-
gous to the yeast tRNAFhe anticodon
(tRNAEIE:E; Scheme 2) [9]. Using oligonucleo-
tides that vary in the location and number of
the five post-transcriptional modifications
found in the anticodon of tRNAFM®, differ.
ences in Mg2+ binding were detected by circu-
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Scheme 2, The anticodon stem loop of veast
tRNA"™ contains 17 nucleotides of which five are
post-transcriptionally modified.

The modifications are as follows: 2'O-methyleytidine-
32 and 2'O:methylguanosine34 (Cmg, and Gmg,);
wyeosine-37 (Y.} faaudouridineaﬂ (yge) and 5
methylcytidine40 (m°C,,).

lar dichroism spectroscopy (CD) [10]. We now
present preliminary results from fluorescence
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and CD quantitating BLM's selective recogni-
tion of tRNAih(’;e oligonucleotides. The same

oligonucleotides were used to study the role
magnesium ions play in BLM/RNA interac-
tion.

METHODS

The oligonucleotides used in this study were
synthesized on an ABI 394 DNA Synthesizer
and purified by HPLC [9]. Bleomycin, pur-
chased from Sigma Chemical Co. (St. Louis,
MO, U.5.A.) and used without additional puri-
fication, was a mixture of A and B forms. In
all experiments bleomyein was used in the ab-
sence of Fe?'ions. Fluorescence data were col-
lected with a Perkin-Elmer Model 650-108
fluorimeter. Excitation was provided by a xe-
non arc lamp at a wavelength of 300 nm with a
slit width of 10 nm. Emission was monitored
at a wavelength of 370 nm with a slit width of
10 nm. CD spectra were recorded usinga 1 cm
cell pathlength at 10°C on a JASCO 600 spec-
trometer scanning from 190 to 350 nm.
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Figure 1. Effects of tRNASY and tRNAGS on
BLM's fluorescence.

The addition of tRNAL®® quenches bleomycin's fluores-
cence (solid squares). In contrast, the addition of
tRNASE did not produce any quenching (dashed lines
with X's). The concentration of BLM was 0.8 mM and
concentrations of RNA were varied from 0 to 6 uM with
all readings taken in triplicate.

Modified RNAs as potential drug targets 15

RESULTS

The use of fluorescence spectroscopy is an
effective method for monitoring complex for-
mation between BLM and DNA [11]. We have
monitored the changes in fluorescence of
BLM on addition of RNA anticodon analogs.

Addition of tRNAEE® to BLM quenched the

fluorescence, as shown in Fig. 1. In contrast,
addition of a control RNA, a heptadecamer

analog of tRNASE anticodon, had no affect

on the fluorescence of BLM. The quenching
observed is similar to that observed for DNA
binding. The fluorescence of BLM arises from
the bithiazole rings and its quenching occurs
when the rings are shielded in the complex.
This shielding has been observed by NMR of a
model system composed of Co-BLM bound to
DNA [12]. The fluorescence changes observed
during titration of BLM with tRNARP indi-
cated the formation of a complex in equilib-
rium with the two free components. From a
molar ratio titration, the stoichiometry in the
complex was determined to be 1:1 [10]. Re-
sults from titration experiments collected at
multiple concentrations yielded the associa-
tion constant Kg= 1.1 + 0.2 X 10~° M. This
value is quite similar to that determined by
fluorescence for the affnity of BLM to cal thy-
mus DNA [11].

The CD spectra of the RNA and BLM do not
show an extensive overlaping (Fig. 2A). The
addition of BLM to tRNAihée results in a CD

spectrum different from the arithmetic sum of
the individual components (Fig. 2B). This re-
sult is The CD spectra of the RNA and BLM do
not show an extensive overlaping (Fig. 2A).
The addition of BLM to tRNAER results in a

CD spectrum different from the arithmetic
sum of the individual components (Fig. 2B).
This result is characteristic when complex for-
mation produces a conformational change in
one or both of the components. The complex
equilibrium was characterized, using CD, by
titrations of tRNAPP® with BLM. The stoichio-
metry was determined to be 1:1 and the asso-
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Figure 2. BLM/RNA complex formation followed
by CD spectroscopy.

A) The individual CD spectra of tRNAFHe (solid) and
BLM (dashed) do not have significant overlap. B) The
observed spectra of BLM with RNA gives a spectrum
(solid with triangles) that is not the same as the arith-
metic sum of the individual components (dashed line).

ciation constant calculated as Kg= 2.1 + 1
X107 M. This result is in agreement with the
association constant determined by fluores-
cence spectroscopy.

The anticodon analogs were then used as a
model system to investigate the role Mgz+
plays in BLM/RNA selectivity. At least two
different hypotheses have been proposed to
explain the effect of Mg®* on interactions be-
tween RNA and BLM. One hypothesis pro-
poses that RNA is not a true target for BLM,
but that the drug weakly binds at a tight metal
ion binding site that would not be available un-
der physiological conditions [7]. For this hy-
pothesis to be valid the Mg?'/RNA binding

constant should be lower than that for the
BLM/RNA complex. The Mg®'/RNA associa-

tion constant for tRNARR, determined by CD

methods, is 5 X 10°°M (unpublished), thus
higher than the BLM/RNA association con-
stant. If this hypothesis is wvalid the
BLM/RNA complex should be easily dis-
rupted by magnesium. When 10 mM magne-
sium was added to a BLM/RNA complex no
change was seen in the CD spectra (Fig. 3).
Neither the higher Mg®>'/RNA association
constant nor the inability of excess magne-
sium to disrupt the BLM/RNA support the hy-
pothesis of BLM competing for ion tight bind-
ing sites.

According to an alternative hypothesis [5]
BLM/RNA binding is conformationally de-
pendent. The increased RNA selectivity in the
presence of Mgzi results from the reduction
of favorable binding sites due to conformation
changes induced by magnesium. According to
this hypothesis BLM/RNA association con-
stant would be lower than that of Mg2+."’ RNA,
as it was observed. Also favored by this hy-
pothesis would be a slow equilibration of the
BLM/RNA complex, in the presence of mag-
nesium, due to an entropic barrier. In fact,
slow equilibration was observed in CD spectra
of a Mg/RNA complex when 60 mM BLM was
added. No initial conversion of the BLM/RNA

/ T\ =—ANAMg + BLM
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Figure 3. Effect of Mg®® on BLM/RNA CD spec-
trum.

The CD spectrum of the BLM/RNA complex (dashed)
is notaltered by the addition of Mg" " (solid with *'s).
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complex was observed but a subsequent spec-
trum of the same sample collected after 5 days
showed that a slow conversion to the
BLM/RNA had occurred (Fig. 4).
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Figure 4. The BLM/RNA complex is in slow equi-
librium in the presence of hng+.

The CD spectrum the Mg®" /RNA + BLM, 20 min post
addition (solid line) is different from the spectrum of
the BLM/RNA complex formed in the absence of Mg"
{dashed line). After a five day incubation the CD spec-
trum (dotted line) has changed to resemble that of the B.

DISCUSSION

The therapeutic target of BLM is still un-
known. The determination of an in vitro asso-
ciation constant for BLM/RNA comparable to
that of BLM/DNA suggests that both RNA
and DNA may be therapeutically relevant tar-
gets. The preliminary CD results support
Mg?"induced conformational changes, rather
than low affinity of BLM/RNA binding, as a
source of BLM's selectivity. A selective confor-
mational requirement of RNA substrates
would require high affinity of RNA targets for
therapeutic action. Beyond this example, the
use of synthetic oligonucleotides containing
natural modifications opens new approaches
to investigate drug/RNA recognition. The
flexibility afforded by automated chemical
synthesis, provides a rational means to gain-
ing access to the potential of modified RNAs
that could serve as drug targets.
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