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ABSTRACT

A new strategy for engineering of catalytic two-component constructions based on

10–23 DNAzyme was proposed. The using of a combination of shortened DNAzyme

with 2’-O-methyl oligomers as effectors significantly increased the catalytic activity

of this DNAzyme.

Key Words: Two-component 10–23 DNAzyme; Shortened DNAzyme; Oligo(2’-O-

methylribonucleotide) effector; RNA cleavage.

INTRODUCTION

Small catalytic nucleic acids which have the properties of the sequence-specific

recognition and site-specific cleavage of RNA provide powerful tools for inhibition of

gene expression at the level of mRNA. Recently a new class of catalytic nucleic acids

composed entirely of DNA has been obtained by in vitro selection procedure.[1] The

10–23 DNAzyme is the most attractive deoxyribozyme due to its ability to cleave

almost any RNA target with high sequence-specificity and efficiency. It consists of a
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15-nucleotide catalytic core surrounded by two substrate recognition domains.[2] It has

been reported previously that the use of additional oligodeoxyribonucleotide binding to

RNA substrate contiguously with 3’-or 5’-end of DNAzyme noticeably improved its

catalytic activity.[3]

To regulate the catalytic activity of DNAzyme we suggested a combination of the

10–23 DNAzyme with oligo(2’-O-methylribonucleotides) on the assumption that they

would be more favorable as effectors due to their high affinity to RNA and nuclease

resistance.[4 – 6]

RESULTS AND DISCUSSION

A series of two-component DNAzymes consisting of oligo(2’-O-methylribonucleo-

tide) effectors (6-, 8- and 10-mers) and 10–23 DNAzyme with shortened 3’-binding

domain (4 nt) (Fig. 1) was synthesized using phosphoramidite chemistry. To monitor

the catalytic efficiency of constructions the 25-mer synthetic fragment of MDR1 mRNA

(nucleotides 113–137)[7] was used. First of all we investigated the RNA cleavage by

shortened DNAzyme Dz27 without effectors. Under single turnover conditions the

extent of RNA cleavage was only 40% after 6 h incubation. In multiple turnover

conditions we could not detect any cleavage of RNA. Such loss of DNAzyme Dz27

activity apparently was caused by reduced stability of the Dz27-RNA heteroduplex in

consequence of the contraction of its 3’-binding arm.

To test our strategy we investigated the ability of a shortened DNAzyme to cleave

the RNA substrate in the presence of an oligo (2’-O-methylribonucleotide) effectors. It

Figure 1. DNAzymes for targeted cleavage of MDR1 mRNA synthetic fragment (nucleotides

113–137).
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has been displayed (data not shown) that the use of octamer as effector was the most

beneficial. At that the octa(2’-O-methylribonucleotide) was noticeably more active as

an effector than deoxyribo oligomer of the same length (Fig. 2). The 2’-O-methyl

octamer appeared to affect the efficiency of RNA cleavage at 5 nM concentration. The

limiting extent of RNA cleavage reached 86% at 50 nM concentration and then

remained unchanged. At the same time the octadeoxyribonucleotide appeared to affect

the efficiency of RNA cleavage at 300 nM concentration. The extent of RNA cleavage

reached 80% after 6 h incubation only at 4800 nM of the deoxyribo effector.

It is known that short oligonucleotides complementary to contiguous sequences on

a target RNA show synergistic cooperativity during hybridization,[8] i.e. the helix

formed by the first oligonucleotide improves hybridization of the second one by

stacking interactions. Consequently the formation of the DNAzyme-RNA helix could

be facilitated by the oligonucleotide effector, while the stacking of the effector and

DNAzyme could enhance the stability of the DNAzyme-substrate complex. Since 2’-O-

methyl oligomers possess higher affinity to RNA, they provide more effective

formation of the active complex as compared with deoxy oligomers. The results

obtained confirm the fidelity of our strategy to create of two-component DNAzymes.

Finally we performed a comparative study of RNA cleavage by two-component

DNAzymes and full-length DNAzymes containing 3’-substrate binding domains

Figure 2. The cleavage of MDR1 mRNA synthetic fragment by DNAzyme Dz27 with 2’-O-

methylribo or deoxyribo octamers as effectors (50 mM Tris-HCl. pH 7.5, 10 mM MgCl2. 37�C;

DNAzyme 500 nM, substrate 50 nM).

Figure 3. The cleavage of MDR1 mRNA synthetic fragment by two-component and full-length

DNAzymes (50 mM Tris-HCl. pH 7.5. 10 mM MgCl2, 37�C). (A) RNA cleavage under single

turnover conditions (DNAzyme 500 nM, substrate 50nM, effectors 75 nM); (B) RNA cleavage

under multiple turnover conditions (DNAzyme 5 nM, substrate 50 nM, octadeoxyribonucleotide

(d8) 4800 nM. octa(2’-O-methylribonucleotide) (8m) 75 nM.
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lengthened by 4 or 8 deoxyribonucleotides (Dz31 or Dz35 respectively) (Fig. 3). All

reactions were carried out both in single and multiple turnover conditions. Under single

turnover conditions the highest cleavage efficiency was observed in the case of binary

DNAzyme with octa(2’-O-methylribonucleotide) as effector and also in the case of the

lengthened DNAzyme Dz35 probably because these constructions formed the most

stable complexes with RNA substrate. However under multiple turnover conditions we

observed the distinct differences in the catalytic activity of these DNAzymes. The

use of DNAzyme Dz27 with the octa(2’-O-methylribonucleotide) as effector resulted

in the highest cleavage extent. In this case the decreased activity of full-length

DNAzymes compared with the activity of two-component DNAzyme containing 2’-O-

methyl octamer evidently caused by higher stability of complex between cleavage

products and full-length DNAzyme Dz35. At that the dissociation of the products is

slowed down (more difficult) and therefore the next turnover is inhibited. The detailed

study of the kinetic properties of two-component DNAzymes is the subject of our

further investigations.

The results obtained confirm the availability of using of oligo(2’-O-methylribo-

nucleotides) as effectors to develop of more powerful DNAzymes for research and

potential therapeutic applications.
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