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The functions of RNA in the cell are vast and varied. The original Scheme 1
discovery of mRNA accorded RNA the important if somewhat ) Tes imidazoe
pedestrian role as the intermediary between DNA and protein. = oM a’ﬁ;ﬁﬂnmeé'zf’?iéri HoNs NaH, TBAI
However, over the ensuing decades it has become apparent thatH;mogNHF’ Ac%wa 4) TBAF, THF O>Tm°_N3 Br—R-Br
RNA is more than a transient repository of genetic information 1 2 81% 3 64-97%
but instead has pivotal roles in cell division, gene expression, and
catalysis. Indeed, regulation of a variety of processes with small N N3 DAOH N NH,  HoN
untranslated RNAs has emerged as a general theme in biblogy, 33%54;?05%0_%  Radh HJWOJO'R‘S%NHZ
and it is now known that the protein synthesis machinery, the 414 80-88% 4b-14b
ribosome, is a ribozyme. reduction with PMg/NaOH furnished the desired deoxystreptamine
Accordingly, there has been considerable interest in the identi- dimers4b—14b (Scheme 1).
fication of small molecules that bind tightly to RN¥RNA-binding To assess the ability of these deoxystreptamine dimers to bind
natural products such as aminoglycosides and macrolides are widelyhairpin RNA, we utilized RNAs with tetra-, hexa-, hepta-, and
used as antibiotics, and RNA-binding small molecules have potential octaloopst* All these RNAs had %5-U3' steps on either side of
against a variety of biological targetdHowever, in contrast to the loop and a common five base pair stem consisting of alternating
DNA,5 no general paradigm currently exists by which sequence- G—C and C-G bases (Table 1). To detect binding, all of the RNA
specific RNA-binding small molecules can be designed. Efforts Sequences were synthesized with'dl@orescein label such that
toward this goal are complicated by the variety of secondary binding could be monitored by a change in the fluorescence signal.
structures that RNA can adopt and by the fact that compounds The results from these binding experiments are displayed in Table
specifically recognizing these RNA secondary structures are lacking. 1. @nd a representative graph comparing a dimed @ind an
One successful approach has been the use of aminoglycosides tgMinoglycoside is displayed in Figure 1. As expected, deoxy-
bind RNA from a variety of sources. In general, aminoglycosides Streptamine itself and all aminoglycosides tested had very high
recognize secondary structural elements within RNA in which the dissociation constants( > 1 mM).** However, several of the

usual base pairing has been disrupted such as bulges, internal |00p§’eoxystreptamine dimers had significant affinities for the RNA

and stem junction§ For instance, the aminoglycoside neomycin hairpin loops. For dimers containing both the aromatic and aliphatic

will bind tightly to bulge regions of unrelated RNA sequences from linkers, binding was favorable for longer tether lengths. In addition,
the 16S ribosome, HIV TAR, HIV RRE, and the Group | intron compounds containing the aromatic linkers generally showed tighter

with affinities in the low micromolar rangeHowever, despite their binding over their allphat'lc counterparts. .
promiscuity for these types of RNA secondary structures, ami- Several controlg established thg |mportance of the dimeric nature
noglycosides do not typically bind to RNA hairpin loofssyhich of deoxystrepta_mme for RNA blnd_lng. Monomar showed no

. detectable binding. In addition, while compoudb bound the
are a major RNA secondary structural métlhdeed, there are no RNAs. the tetraazide analoadda showed no binding. Finall
general RNA hairpin loop-binding compounds. Herein we report ' 9 g- v

th its of ¢ tic study desianed to identi | RNA neither the linkers alone, nor a linker with a single monomer
€ resufis of a systematic study designed to iden ify genera attached (compouni5) showed significant binding to the RNA
hairpin loop-binding small molecules.

) . hairpin loops. Taken together, the data indicate that dimeric versions
Deoxystreptaminel] has been reported to bind weakly to two b b g

. - - 8 i - . of deoxystreptamine are necessary for binding. In addition, the
base ynlts within a dlsrupted.RNA hg XSolution studies carried experiments with the tetraazidila suggests that the binding
out with 1 have shown that it will bind to '83' two-base steps

’ X Tt al observed is due to direct interactions between the amines of
(including GU, UG, and GG), albeit with a very low affinity-( deoxystreptamine and the RNASs.

mM).® We reasoned that linkage of two such units by an appropriate 145" assess if these newly identified RNAmall molecule
tether could lead to compounds with the requisite flexibility and  jnteractions were general for loops of different sequences, nine
functionality to bind RNA hairpin loops. Thus, we have tethered \griants of RNA heptaloof were created, and the binding of these
together two molecules ofl with various linkers to create  RNAs to14bwas determined. All of these loops essentially have
deoxystreptamine dimers, and we show that these molecules havghe same affinity forl4b (~6 «M, see Supporting Information for
the capacity to bind to a variety of RNA hairpin loops that are not details); thus, the binding appears to be independent of the primary

recognized by aminoglycosides. loop sequence. In addition, a competition experiment was performed
To construct the desired dimers, the enantiopure diacetate diazidein which binding of14b to two of the hairpin loops was assessed

of deoxystreptamine was created through known proto@is ( in the presence of a large excess of the stem. In both cases, no

Scheme 139 Protecting group manipulation provided alcot8l change inKyq was observed, indicating that the deoxystreptamine

the appropriately protected precursor for dimerization. Treatment dimer is not binding to the stem.

of 3 with sodium hydride, followed by addition of a variety of This 6 uM binding affinity of 14b with loop C rivals that of
dibromides gave the protected dimérs14. Deprotection of the standard aminoglycosideRNA pairs® To establish the precise
acetonide with AcOH provided tetraazidds—14a and azide location of this small molecutenucleic acid interaction, an RNA
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Table 1. Binding of Deoxystreptamine Dimers to RNA
Stem-Loops?
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Figure 1. Binding of paromomycin and4b with loop D.

footprinting experiment was conducted. LoBpvas 5 radiolabled
with y-32P-ATP and incubated with various concentrationg 4.
The gel in Figure 2 clearly reveals a strong protection from RNase
| digestion in the loop region. Analysis of the G10 band of this gel
via densitometry provides K4 of 11 uM for the 14b—loop C
interaction, consistent with the value obtained from fluorescence.
The data thus indicate that deoxystreptamine dimers can bind
tightly to RNA hairpin loops of a variety of sizes. Although
deoxystreptamine itself is a very weaKq(> 1 mM) binder to
distorted regions of RNA secondary struct@iiejs now apparent
that spacing two deoxystreptamine units with an appropriate linker
can give rise to much tighter RNA binding. Such compounds can
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Figure 2. RNase | footprint of loogC with various concentrations d#b.

potentially be paired with binders of other RNA secondary structural
elements to obtain even higher affiniti&s.

In summary, we have shown that simple dimers of deoxy-
streptamine show strong binding to RNA hairpin loops, a secondary
structural element that is not generally recognized by standard RNA-
binding molecules such as aminoglycosides. Further explorations
into the relationship between loop size and linker type, as well as
applications of these molecules to RNAs of biological interest, are
ongoing and will be reported in due course.
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