Hydrolysis of an RNA dinucleoside monophosphate by neomycin B
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Neomycin B is shown to accelerate the phosphodiester
hydrolysis of adenylyl(3’-5")adenosine (ApA) more effec-
tively than a simple unstructured diamine.

Current approachesto site-directed RNA hydrolysisinvolvethe
conjugation of a reactive moiety capable of cleaving phospho-
diester bonds to a recognition element capable of sequence-
specifically hybridizing to RNA.L In most cases, a metal
complex is covalently attached to a DNA strand which forms a
stable heteroduplex. Upon hybridization, aLewis acid is placed
in close proximity to the RNA backboneto effect hydrolysis.2In
a similar fashion, DNA-polyamine conjugates have been
demonstrated to induce site-directed RNA strand scission.3
While these high molecular-weight conjugates are promising
sequence-specific RNA cleavers, combining recognition and
catalysis in a single small organic molecule has remained a
challenging problem.4

The discovery that aminoglycoside antibiotics interact spe-
cifically with diverse RNA molecules such as group | introns,5
hammerhead ribozymes® and the HIV-1's TAR? and RRE8 sites
has attracted considerable interest and stimulated studies
attempting to identify the elements involved in these recogni-
tion phenomena®1l As highly functionalized polycationic
oligosaccharides, interactions between the aminoglycosides
polar residues (i.e. amino and hydroxy groups) and the RNA
backbone and/or heterocyclic bases are likely to occur. Since
simple unstructured polyamines!2.13 as well as basic polypep-
tides'4 have been shown to catalyze RNA hydrolysis, we
hypothesized that aminoglycoside antibiotics may exhibit
similar effects. As a first step toward developing small
mol ecules capable of both recognizing RNA and cleaving it, we
demonstrate that neomycin B isableto accel eratethe hydrolysis
of a ribodinucleoside monophosphate.

HO
OH NHz\ioj HO
OoH

Neomycin B

H,N

NH;

O~ 7/ N SN
_O/P\O </ | /)N
NT >N
(0]
HO OH
ApA

The hydrolysisrate of adenylyl(3'-5")adenosine (ApA) inthe
presence of 0.3 M neomycin B, 1,3-diaminopropane and

3-aminopropan-1-ol was investigated at pH 8.0 and 50 °C.t
Reversed-phase HPLC was employed to measure the rate of
appearance of adenosine (A) against the loss of ApA.f
Neomycin B hydrolyzes ApA with a pseudo-first-order rate
constant of 1.6 £ 0.1 x 10—5 min—1, approximately three times
faster than 1,3-diaminopropane (5 £ 1 x 10— min—1) and more
than 50 times faster than Tris buffer alone or 3-aminopropan-
1-ol (34 + 2x 10-7min—1) (Fig. 1).8 The observed hydrolysis
rates were not significantly altered when 2 mm EDTA was
added, excluding metal ion-mediated hydrolysis. Furthermore,
the observed formation of adenosine 2/,3’-cyclic mono-
phosphate (A > p) and its subsequent degradation to adenosine
2'-phosphate (A’2p) and 3’-phosphate (A’3p) rules out the
possihility of nuclease-mediated hydrolysisthat would generate
A’3p exclusively.15> These observations clearly show that an
aminoglycoside antibiotic is capable of significantly accelerat-
ing the hydrolysis of a ribodinucleoside phosphate.

The rate of ApA hydrolysis by neomycin B is pH dependent.
When the pH of the buffered 0.3 m neomycin B was lowered
from 8.0 to 7.0, the rate of hydrolysis was slowed down by a
factor of three. Asdemonstrated earlier for simple diamines, the
hydrolysis rate acceleration is dependent on the relative
abundance of the neutral, monoprotonated and diprotonated
forms.23 While the uncharged form has the highest hydrolytic
activity and the dicationic form is essentially inactive, the
monocationic form—uwhich is the most populated form at pH
7—isthe major contributor to the observed catalysis. Neomycin
B contains six amino groups with pK, values between 5.7 and
8.8.16 As the pH is lowered and neomycin B becomes highly
protonated, the rate of ApA hydrolysisis expected to decrease,
which indeed is observed.

Neomycin B has three times as many amines as 1,3-diamino-
propane, yet the three-fold rate enhancement observed for ApA
hydrolysis may be coincidental. A priori, several factors may
contribute to the observed rate acceleration: the number of
amino groups, their stereochemical relationships, as well as
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Fig. 1 Kinetic analysis of ApA hydrolysis by (¥) 0.3 m neomycin B, (H)
0.3 m 1,3-diaminopropane, (A) 0.3 M 3-aminopropan-1-ol and (®) 50 mm
TrisHCI at pH 8.0 and 50 °C (see footnotes T and §)
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their individual pK, values. As reported earlier,’3 simple
oligoamines such as diethylenetriamine and triethylene-
tetramine are essentially as effective as 1,3-diaminopropane in
hydrolyzing ApA. This suggests that the number of amino
groups may not be the major factor distinguishing neomycin B
from 1,3-diaminopropane. Since the observed rateisacombina
tion of individual hydrolysis rates mediated by various pairs of
amino groups, it is likely that some pairs are much more active
than others. This may be due to their spatial positioning and
individual pK, values, as well as the lower conformational
freedom of neomycin B when compared to simple unstructured
diamines. Since cyclohexane-1,3-diamine has been found to be
as effective as 1,3-diaminopropane in hydrolyzing ApA,13 we
favor the modulation of individual pK, values as the likely
source for the rate enhancement observed with neomycin B.
While the aminesin 1,3-diaminopropane are rather basic, (pKa
8.1 and 9.8),13 certain pairs in neomycin B are less basic and
display a wider difference in their pK, For example, the pKy,
values reported for N* and N3 are 8.04 and 5.74, respectively.16
This may lead to ahigher population of a monocationic form at
agiven pH compared to 1,3-diaminopropane, and thereforeto a
faster hydrolysis.

Neomycin B has been shown to bind to various RNA
sequences>8 and now to hydrolyze an RNA dinucleoside
phosphate. These observations provide new leads for the design
of smal molecules that combine RNA recognition with
hydrolysis. Such molecules may become useful chemical
probes for RNA structure and folding.l” We are currently
exploring these possibilities with larger and well-defined RNA
structures.
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Footnotes and References
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T All samples contained 50 mm Trisand 0.1 mm ApA. The pH was adjusted
to 8.0 at room temperature (21 °C) with highly pure HCI (low trace metals:
iron <1 ppb, lead <0.01 ppb, lutetium <0.005 ppb, zinc <0.02 ppb). At
50 °C, there is adrop of approximately 0.5 pH unit.

F HPLC analysis was performed using a C18 reversed-phase column with
25 mm sodium phosphate buffer, pH 3.5, containing 2% MeCN astheinitial
eluent, at aflow-rate of 1 ml min—1. Gradient elution up to 50% MeCN was
used to optimize separation.

§ The chromatograms were monitored at 260 nm and the resolved peaks
were integrated and corrected for any volume changes against a peak of
2'-deoxyadenosine used as an internal standard. Plotting In(1 — A/Awr) VS.
t (min), where A = integration for adenosine, and A« = sum of integrals
for all species, givesastraight linewith aslope of —k. Thelinear correlation
coefficient was >0.99 for samples with substantial hydrolysis (e.g.
neomycin B and 1,3-diaminopropane) and somewhat lower for control
sampleswith very little hydrolysis, as expected. The rate constants reported

148 Chem. Commun., 1998

for theneomycin B and 1,3-diaminopropane samples are the average of four
independent runs.
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