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RNA cleavage has received considerable attention over the yearsfunctionalities that cleaves RNA with both turnover and high
Early biomimetic studies looked to protein nucleases for inspiration specificity. This motif, 9s-11, derived from the combinatorially
in the rational design of small molecules that chelated metals, or selected self-cleaving sequence, (Figure 1) is one of the smallest
positioned imidazoles and other functionalities to mimic the active M?2*-independent catalysts reported to date.
site of RNaseA. These studies were extended to synthetic oligo-
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nucleotides appended with metal chelators cleave RNA relatively oy L J A g A
efficiently 2 It has been far more challenging to append imidazoles o R uC Gy
and cationic amines to cleave RNA in the absence of divalent 77N aC I
oA NH, = U (bold) 3 U
cc

metals. Many reports underscore the importance of imidazole/ /
amine-appended oligonucleotides to medicine and biology. Few Figure 1.
describe multiple catalytic turnovér.

Whereas directed synthesis continues in rationally tackling the ~ This work now demonstrates how synthetic organic chemistry,
challenge of ribophosphodiester cleavage, combinatorial nucleic acidwhen merged with combinatorial selection, can result in a new class
selection, which allows for massive parallel sampling of potential of DNAzymes that meets the ongoing synthetic challenges for
catalysts, has led to the discovery of new ribozymes and developing relatively small biomimetic catalysts. Having met this
DNAzymes?® Almost without exceptiorf,combinatorially selected ~ challenge, 8-11 is a unique template for structuractivity studies
RNA-cleaving ribozymes and DNAzymes depend on divalent metal to characterize general-acid/base RNA hydrolysis without entertain-
cations (M*). Two combinatorially selected, ¥-independent  ing the complicating effects of divalent metéfs.

“DNAzymes” (40-50nt motifs) that self-cleave in 0.28. M 9,511 was synthesized by standard solid-phase protocols using
monovalent cations at pH 7, displayed rate constants on the orderPhosphoramidite precursors synthesized according to precedent (see
of 1073 to 104 min~L8 In both cases, neithém transcatalysis nor Supporting Information)? Three other sequences were also syn-
multiple turnover was observed in the absence of2a.Mogether thesized to better characterize the catalytic motif (Table 1): (
these important studies identified the “intrinsic” catalytic nature of the full-length catalyst 8-11, ) a hypothetical “minimal” motif

DNA. Similar results were found with the 86nt HDV ribozyme composed of just two proximal histaminyl-dA’s and two proximal
that norma”y operates with ng in the absence of a M’ thekeat amino-allyl-dU's, 6) a deletion construct Iacking three bases

at pH 7 for HDV ribozyme self-cleavage fell belowsd 10-3 min—1 at positions 1416, @) the full-length _unmodified sequence.
and the pH-rate optimum fell below®7The significant diminution

H r 1 a
of rate constantat pH > 7 in the absence of a M" is most likely Table 1. Sequences Listed 5' 10 3

i i i i i i 1: CCAACAGUUCUCAUCCGUAGUGAAGGCACGC
QUe to t.he fact that nucleic acids lack a catlonllc.functlonallty and Db et
ineffectively perturb extant nucleobask s requisite for general 3 : CCAACAGUUCUCAUCCGUAGAGGCACGC

H . . 4 : CCAACAGTTCTCATCCGTAGTGAAGGCACGC
acid/base catalysiS. This has been explained by the lack of

functional groups endemic to proteins and the roles they play in  2Bold signifies modified.
both catalysis and folding.

Numerous reports have recently underscored the potential of Only the full-length 95-11 (1) supported catalysis using the*%-
synthetically appending dNTPs with imidazoles, cationic amines, d(GCGTGCC)rCd(GTCTGTT) substrate (Figure 2 and Supporting
or other functionalities for use in a combinatorial selecibfihere Information). The active site appears to be more complex than
have been far fewer reports of true catalytic activity based on Simply two U’'s and two A’s anchored in proximity to the target
combinatorially selectednodified RNA and DNA. A copper-  fibose by a “GC staple”. Although the U and A at positions 14 and
dependent, pyridyl-modified RNA DietsAlderase was the first 16 also appear to be essential to catalysis as the deletion construct
modified nucleic acid cataly$t. Two notable examples with ~ Was inactive, they may be simply required for folding.

appended imidazoles are (1) a Zn-dependent RNas® (2) a _ Single-turnover_ kinetics (Figure 2, lanes-3) with 1 reSL_JIted
Cu-dependent amide syntha8eA ligase-RNA appended with ~ in >80% cleavagén transafter 5 h. Akeg 0f ~1.5 x 1072 min™*
amines has also been reportédll of these are M*-dependent. was calculated from a first-order rate expression (assuming

There has been only one report to date whmth cationic amines ~ [Erlkon > kea). This is diminished 3-fold from that observed
andimidazoles necessarily act in concert to hydrolyze an intramo- Previously for intramolecular cleavage. An identical substrate that
lecular ribophosphodiester linkage, and this activity proceeded in Was “degenerate” for ribose (rN signifies equal representation of
theabsencef M2*.17 Nevertheless, no evidence was presented for all four ribonucleosides) provided a measure of the specificity for
trans cleavage, specificity, and turnover. Here we report the first target ribonucleoside recognitiéhThe catalyst cleaved only 25%

truly catalytic, MP+-independent DNAzyme with two protein-like ~ Of the degenerate substrate, indicating high substrate specificity
(Figure 2, lanes 812)2! We also observed 1314 turnovers at

* To whom correspondence should be addressed. E-mail: dperrin@chem.ubc.ca.2.5uM substrate and 100 nM catalyst (Figure 2, lanes19). A
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Keat Of ~9 x 1073 £ 7 x 1074 min~t (kear= V/Er taken at 3, 5, 10,
24 h) generally agrees with the value from the single-turnover

experiment? Since no exogenously added cofactor was necessary

to initiate cleavage, we experimentally excluded the possibility that
a small amount RNaseA could have contaminated the purification
of 1 (data in Supporting Informatiory.

d(CGTGCOrCd(GTCTGTT) d(CGTGCOIrNA(GTCTGTT)  multiple turnover
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Figure 2. (Lanes 1-5) Single-turnover kinetics (2,/6M catalyst, 0.2%M
substrate 30C) on specific substrate 0.25 h. (Lane 6) No catalyst, 7-h
control. (Lane 7) NaOH treatment. (LanesB) Single-turnover kinetics on
degenerate substrate at 6-25h. (Lane 13) No catalyst, 7-h control. (Lane 14)
NaOH treatment. (Lanes $8.9) Multiple-turnover kinetics (2.xM sub-
strate, 100 nM catalyst 2C) 1-24 h. (Lane 20) No catalyst, 24-h control;
5-uL reactions run in 500 mM NaCl, 50 mM Tris-HCI pH 7.9, 1 mM EDTA,
guenched with formamide and resolved by 20% PAGE, no heat.

Directed synthesis to append imidazoles or amines or both to
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