Bis-imidazolyl cleft-shaped mimic of the active site of ribonuclease A
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A newly synthesized cleft shaped mimic of the active site
of ribonuclease A accelerates the cleavage of (3’-5")
adenylyl adenosine at pH 7.0-8.0.

Ribonucleases and their molecular mimics are of considerable
interest to chemists.!-3 They can be used as probes for the
investigation of RNA structure* and for the specific inactivation
of target genes’> by the cleavage of the respective transcribed
mRNA. In this paper, compounds mimicing the active site of
bovine pancreatic ribonuclease A (RNase A) are described and
their RNA cleavage activities demonstrated.

The structure and catalytic mechanism of RNase A have been
well characterized.® The catalytic site contains two key histidine
residues (His119 and His12), which act as a proton donor
(imidazolium) and a proton acceptor (imidazole) respectively.”
Compound 1% was designed to provide a cleft shaped®
topographical and functional mimic of the two essential
imidazole groups of the histidines of bovine RNase A. The
strategy behind the design of compound 1 was to space the
imidazole groups at a suitable distance and orientation, such that
they would act as general bifunctional acid and base catalysis
elements similar to the histidines in the natural RNase A
(Fig. 1). Based upon CPK model examinations, we selected a
dipicolinoyl group as a rigid spacer between the two imidazole
moieties.

The cleavage activity of compound 1 was compared to that of
imidazole and compound 2 containing only one imidazole
moiety. Adenylyl (3'-5’) adenosine (ApA)$§ and related deriva-
tives were used as substrates for the evaluation of cleavage
activities.y The typical products of the reactions with com-
pounds 1 and compound 2 under the conditions employed
(50°C, pH 7.5 and 4 d) are shown in Fig. 2. Compound 1
degraded 30% of the initial ApA to yield adenosine 3’-
phosphate (A3’p), adenosine 2’-phosphate (A2’p), adenosine
2’ 3’-cyclic phosphate (A >p) and adenine (A). Compound 2
and imidazole (data not shown) barely degraded ApA, even at
two fold higher concentration. Moreover, no substrate cleavage
was observed in the absence of compounds 1, 2 and imidazole.
The formation of A2’p and A > p indicates that the degradation
of ApA proceeds via nucleophilic attack of the 2’-hydroxy
group of ribose to phosphodiester, and not by simple basic
hydrolysis of the phosphodiester followed by the formation of
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Fig. 1 Possible RNA cleavage mechanism by the mimic 1

A3’p and A5’p. As the reported reaction mechanism of RNase
AS involves the formation of 2’,3’-cyclic phosphate, followed
by hydrolysis to yield 3’-phosphate, the A > p formation would
therefore arise from the first step in the RNase A-induced
reaction.

The cleavage activity of a DNA dimer, deoxyadenylyl
adenosine [d(ApA)] was similarly examined. Experiments
showed, however, that compounds 1, 2 and imidazole could not
degrade d(ApA) using the same reaction conditions as above.
This observation provides additional support for the cleavage
reaction proceeding via a transesterification process. The
formation of comparable amounts of A2’p and A3’p also rules
out the possibility of contamination with natural RNase
enzymes classified into two types: one yields only ribonucleo-
side 3’-phosphate and the other yields only ribonucleoside 5'-
phosphate.

Fig. 3 shows the pH dependence of the RN A cleavage activity
of compounds 1, 2 and imidazole. Compound 1 exhibited high
cleavage activity in a pH range of approximately 7-8, whilst
compound 2 and imidazole showed almost no activity in a pH
range of 6-9, even at two fold higher concentration. The
optimum pH for the catalytic reaction with compound 1 was 7.6
with about 35% cleavage of ApA under the given conditions.
The rate acceleration by compound 1 (1 equiv. compared to
ApA) was estimated to be approximately 50 fold over
compound 2 (2 equiv. compared to ApA) at pH 7.6. The pH
dependence of the cleavage reaction shows a bell shaped profile
similar to that of RNase A enzyme catalysed reactions. These
results suggest that the two imidazole groups of 1 are crucial for
its cleavage activity. From a preliminary titration study, pK,s of
6.1 and 8.5 were estimated for the two imidazole groups. It is
most likely that a mono-cationic species, i.e. the protonation of
only one imidazole group of compound 1, is present in the
active pH range (pH 7.0-8.0). Accordingly, the bell shaped
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Fig. 2 A typical chromatogram of the reaction products of the cleavage of
ApA: (@) with 10 mmol dm—3 of 1; (b) with 20 mmol dm—3 of 2. Reaction
conditions: 50 °C, 4 d, 10 mmol dm—3 of ApA.
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pH-cleavage activity profile would be dependent upon the
concentration of the mono protonated species.

The two imidazole groups in the active site of RNase A are
suitably positioned and oriented for hydrolytic catalysis. Owing
to the possibility of the formation of intramolecular hydrogen
bonds between proton donating and accepting groups, pre-
viously reported RNase mimics? having these two groups
showed no catalytic activity without the help of affinity groups
for the RNA substrate. Thus those mimics often required an
elevated concentration in order to achieve efficient cleavage
activity.? By using a rigid dipicolinic spacer, as in compound 1,
the formation of an intramolecular hydrogen bond between the
imidazole and the imidazolium group is prevented.
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Fig. 3 Effects of pH on the cleavage of ApA by 10 mmol dm 3 of 1 (O), 20
mmol dm~3 of 2 () and 20 mmol dm—3 of imidazole ( A ). ApA: 10
mmol dm—3.
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Footnotes
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1 Compound 1 was synthesized from pyridine-2,6-dicarboxylic acid
dichloride and 2-aminoimidazole toluene-p-sulfonate in a single step. dy
([?Hg]Me,S0) 6.07 (d,J 25 Hz, 4-H, H-4, 5 Im), 7.52 (m, 3 H, H-3, 4, 5 Py),
11.14 (br, s, 2 H, CONH), 11.52 (br s, 2 H, H-1 Im).

§ Though ApA is no: a substrate of natural RNase A, we used it as a
substrate of cleavage reactions because we focused on the catalytic
mechanism of the active site of RNase A.

1 All reactions were analysed on a YMC R-ODS-5 column eluted with 20
mmol dm—3 triethylammonium acetate buffer pH 6.0-acetonitrile (93 : 7).
The extent of RNA hydrolysis was determined from the ratio of substate and
product peaks integrals at 260 nm.
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