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In vitro selection of modified ribozymes with metal-independent
RNA-cleaving activity
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Abstract: Ribozymes and DNAzymes are limited in their applications as nucleic acid therapeutics due to their
strong dependence on metal ions. Therefore, the development of novel metal-independent ribozymes has become a
key research focus. This study evaluated the fidelity of wild-type Tgo DNA polymerase in simultaneously
incorporating sugar backbone-modified 2'-deoxy-2'-fluoroarabinonucleic acid (FANA) along with base-modified
DNA, constructed a modified nucleotide library containing four modified nucleotides, and employed systematic
evolution of ligands by exponential enrichment (SELEX) technology to select ribozymes with RNA cleavage
activity. Unlike conventional methods for selecting modified functional nucleic acids, the modified library here was
directly used as templates for PCR amplification, eliminating the reverse transcription step which copies the
modified phenotypic functional sequence into unmodified ¢cDNA, and dramatically simplified the screening
process. This study employed an RNA substrate region composed of 15 consecutive ribonucleosides for selection.
Through sequence homology analysis and secondary structure prediction, we verified the cleavage activity of the
top twenty abundant sequences obtained from sequencing the most active round 4 library. A sequence denoted R4-
11 with considerably high RNA cleavage activity was successfully identified, and it preferentially cleaves the
phosphodiester linkage between the rC-rA dinucleotide. This study provides a method for selecting ribozymes
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composed of diverse modified nucleotides and offers novel tools for disease-targeted therapy through mRNA

silencing.

Key words: nucleic acid drug; in vitro selection; modified nucleotide; modified ribozyme; RNA cleavage
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Figure 1 Fidelity assessment of wild-type Tgo DNA polymerase for the simultaneous incorporation of four modified nucleotides. A: The

chemical structures of four modified nucleotides; B: Schematic representation of measuring the replication fidelity of wild-type Tgo DNA

polymerase for synthesizing modified nucleic acid chains composed fully modified nucleotides
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Figure 2 [n vitro selection of modified nucleotides for sequence-specific RNA cleavage. A: 5'-Biotinylated unimolecular constructs used

for in vitro selection; B: In vitro selection scheme for RNA-cleaving modified ribozymes
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Figure 3  Fidelity profile observed for four modified nucleotides

replication using wild-type Tgo DNA polymerase
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Figure 4 Preparation of modified libraries and optimization of direct PCR conditions. A: Primer extension reactions with different sub-

strates; B: Optimization of extension temperature in direct PCR amplification
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Table 1 Next-generation sequencing of four ribozyme families. Note: The underlined sequences are RNA binding arm sequences

Family Number Sequences (5'-3")

1 R4-1 GTGATGATCTAAGTCCAGAGGGAGCATGGTTAGA
R4-5 GTGATGATCTAAGGCCAGACGGAGCATGGTTAGA
R4-7 GTGATGATCTAAGGACAGACGGAGCATGGTTAGA
R4-14 GTGATGATCTAAGTCCAGAGGGAGCATGGTTAGA

2 R4-2 GTCATAAGTCGACAGTCCAGTCGTTGGGGTGTGC
R4-13 GTCATAAATCGACAGTCCAGTCGTTGGGGTGTGC

3 R4-3 ATCATGAGCATATCGTCCGTGGATCTTGGTTAAG
R4-4 TTCATGAGCATATCGTCCGTGGATCTTGGTTAAC
R4-8 GTCATGAGCATATCGTCCGTGGATCTTGGTTAAG
R4-9 TTCATGAGCATATCGTCCGTGGATCTTGGTTAAG
R4-10 GTGATGAGCATATCGTCCGTGGATCTTGGTTAAG
R4-12 CTCATGAGCATATCGTCCGTGGATCTTGGTTAAG
R4-15 ATCATGAGCATATCGTCCGTGGATCTTGGTTAAC
R4-16 TTCATGAGCATACCGTCCGTGGATCTTGGTTAAC
R4-19 TTCATGAGCATATCGTCCATGGATCTTGGTTAAC
R4-20 ATCACGAGCATATCGTCCGTGGATCTTGGTTAAG

4 R4-6 GTGATGAAAGGCGTTAAGACGTAGGACGGGTATA
R4-11 ATCATGAAGTGGGATTGCGAGATAGGAGGTTGGA
R4-17 GTGATGAAAGGCGTTAAGATGTAGGACGGGTAGA
R4-18 GTGATGAAAGGCGTTAAGATGTAGGACGGGTATA
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Figure 5 Confirm cleavage activity of R4-11. A: Representative urea-PAGE showing the RNA cleavage activity of R4-11; B: Secondary

structure of R4-11
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Figure 6 Divalent metal ions dependency analysis of R4-11. A: Representative urea-PAGE showing the RNA cleavage activity of R4-11 in

the presence of 0.5 mmol-L™" different divalent metal ions; B: Effect of divalent metal ions on the cleavage activity of R4-11.n=3,X £
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Figure 7 pH dependency analysis of R4-11. A: Representative urea-PAGE analysis of R4-11 showing RNA cleavage activity under different

pH conditions; B: pH dependent catalytic cleavage activity profile of R4-11.n=3,x+s
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