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ABSTRACT

RNA cleaving conjugates have been prepared by attachment of oligodeoxyribonucleo-
tide TTTT to peptides containing arginine, leucine, proline and serine residues. The
highest activity was displayed by the conjugates containing peptides with alternating
arginine and leucine residues (LR)4G-amide. Ribonuclease activity of the conju-
gates pep-T, decreases in the order T4-(LR)4G>T4-(LR),G>Ty-(LLRR)2G>T;-
(LR),PRLRG>S,R3-Hmda-T,4 > Rs# (LR);. According to CD spectra, the free
peptide (LR),G-amide in water solution at neutral pH and physiological ionic strength
has no pronounced secondary structure whereas conjugated to oligonucleotide it
acquires a folding similar to o-helix.
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INTRODUCTION

In attempts to develop small artificial ribonucleases a number of peptides was
synthesized and some of them were shown to display ribonuclease activity (for reviews
see Refs. [1,2]). One of the identified RNA-cleaving peptide structures is the polypeptide
built of alternating basic and hydrophobic amino acids."”” ~>! Conjugation of short peptides
with repeating arginine-leucine units to oligodeoxyribonucleotides resulted in consider-
able enhancement of the ribonuclease activity.'®=®! In the present study we investigated
ribonuclease activity of different peptides conjugated to tetrathymidilate.

EXPERIMENTAL
Materials

T4 polynucleotide kinase was purchased from Fermentas (Lithuania), [y->*P]ATP
(3000 Ci/mmol) was from Biosan Co. (Russia), RNase T1 was from Boehringer
Mannheim (Germany). RNA HIV-1 (123-218 nt) was prepared by in vitro
transcription with T7 RNA polymerase using Fok I-linearized plasmid pHIV-1.""!
HIV-1 RNA was labeled at the 5'-terminus with [y->?P]ATP and T4 polynucleotide
kinase as described in Ref. [10]. Oligopeptides (LR),G (n =4, 3, 2), Rs, (RRLL),G,
(LR),PRLRG, S;R; were synthesized by Dr. A. Kolobov (State Research Institute of
Highly Pure Biopreparations, St.-Petersburg, Russia).

Oligodeoxyribonucleotide pTTTT was synthesized by standard solid-phase
phosphoramidite procedure on automatic synthesizer ASM-700 (Biosset, Russia).
Oligonucleotide-peptide conjugates were synthesized according to described proto-
colst''! and purified by reverse phase HPLC on LiChrosorb RP-18 columns. The
homogeneity of the conjugates was determined according to analysis by electrophoresis
in 15% PAGE/8 M urea gel followed by ‘‘Stains-all’’ staining was 95-98%.

RNA Cleavage by Oligonucleotide-Peptide Conjugates

Reaction mixtures (10 pl) containing 50000 cpm [*?P]-labeled 96 nt long fragment
of HIV-1 RNA (10~ 7 M), one of the conjugates at concentration 50 pM, 50 mM Tris-
HCL, pH 7.0, 0.2 M KCl, 1 mM EDTA, and 100 pg/ml RNA carrier (total tRNA
Escherichia coli) were incubated at 37°C for 9 h. The reaction was quenched by
precipitation of RNA and RNA fragments with 2% lithium perchlorate solution in
acetone (150 pl). RNA was collected by centrifugation and dissolved in gel-loading
buffer (6 M urea, 0.025% bromophenol blue, 0.025% xylene cyanol). RNA cleavage
products were resolved in 12% polyacrylamide/8 M urea gel using TBE x 1 (100 mM
Trisborate, pH 8.3, 2 mM EDTA,) as a running buffer. To identify cleavage sites,
imidazole ladder''®! and G-ladder''* produced by partial RNA cleavage with 2 M
imidazole, pH 7.0, and RNase T1 were run in parallel. Substrate and cleavage products
were quantitated using Bio-Rad Molecular Imager FX. The total extent of RNA
cleavage as well as the extents of cleavage at any given site were determined as a ratio
of radioactivity measured in the RNA fragment(s) to the total radioactivity applied on
the lane.
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RESULTS AND DISCUSSION

The recent study of conjugates containing peptide (LR),G and different
oligonucleotides revealed that conjugates displayed ribonuclease activity and cleaved
RNA substrate at Pyr-A and G-X motifs.!”®'*! The tetrathymidylate conjugate was one
of the most active among the compounds. In the present work we varied the sequence
and length of the peptide part of the tetrathymidylate based conjugates to identify the
optimal peptide structure.

Conjugates of tetrathymidylate and peptides (LR),G (n = 4, 3, 2), Rs, (RRLL),G,
(LR),PRLRG (Fig. 1) were synthesized according to published protocol'!! by
formation of the phosphamide bond between the 5'-terminal phosphate of the
oligonucleotide and o-aminogroup of N-terminal amino acid of the peptide. In the
case of peptide S,R3, the oligonucleotide was attached to its C-terminal arginine amide
residue using hexamethylenediamine linker.

Ribonuclease activity of the conjugates was assayed in experiments with 5'-[**P]-
labeled fragment of HIV-1 RNA under physiological conditions as described in
experimental part (Fig. 2). Control experiments showed that neither oligonucleotide,
nor the peptides or their equimolar mixture display any detectable ribonuclease activity

a) Oligonucleotide (5’ - 3°) Peptide (N - C)
(LR)sG-amide
RRRRR-amide

pTTTT (RRLL);-G-amide
(LR),PRLR-G-amide
Ac-SSRRR-NH-Hmda"”

b) o]
Ii 5 3
-o—p-o-| TTTT
N-terminus C-terminus
NH—(iH—CO~NH‘§H—CO— (NH—%H—CC%NH—(/ZH—CO) 3-NH=-CH~CONH,
$H2 (‘IHZ $H2 Ciy H
CH CH, CH CH,
CH4CHy CH, CH4CH, (!:H;
NH NH
+ L"'
H,N"NH H,N "NH
peptide

Figure 1. The structure of oligonucleotide-peptide conjugates. (a) Sequences of the oligonucle-
otide and peptides used in the study. (b) As an example the structure of oligonucleotide-peptide
conjugate T4-(LR)4G-amide is shown. All peptides except for Rs and S;R3 contain glycine-amide
at the C-terminus. (*) Peptide S,R3 contains hexamethylenediamine group at the C-terminus.
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Figure 2. The influence of peptide length and sequence on efficacy of RNA cleavage. Assay
conditions: 5'-[>*P]-HIV-1 RNA (96 nt long) was incubated in 50 mM Tris-HCI, pH 7.0, containing
200 mM KCI, 1 mM EDTA, 0.1 mg/ml RNA carrier, in the presence of conjugates (50 uM each) at
37°C for 9 h. Cleavage extent, %- total RNA depolymerization.

under the assay conditions. Conjugate T4-Rs containing only arginine residues displays
no ribonuclease activity. Conjugate T4-R;S, with arginine and serine residues displayed
only trace activity (cleavage extent 1-2%). The most effective conjugate contains
nonapeptide consisting of alternating arginine and leucine residues (LR)4G and cleaves
55% RNA under the assay conditions. Substitution of leucine residue in the third
position from N-terminus of the peptide (LR)4,G by proline strongly inhibited
ribonuclease activity: 55% and 3% RNA cleavage for conjugates T4-(LR)4,G and
T4-(LR),PRLRG, respectively. Thus, the ribonuclease activity of the compounds is
provided essentially by the peptide component.

All the tested conjugates except for T4-(LR),G cleave RNA exceptionally at Pyr-A
motifs. Conjugates T4-(LR),G (n = 4, 2) display complex cleavage specificity: these
conjugates cleave RNA at G-X sequences, and less efficiently at Pyr-A motifs.
Previously we observed G-X specificity of cleavage only in the case of the conjugate of
oligonucleotide pCCAAACA with the peptide (LR),G." The G-X specificity can be
explained by specific interaction between the oligonucleotide part of the conjugates
(TTTT or CCAAACA) with peptide (LR)4,G. This interaction may in some way
promote the guanidinium groups of arginine residues to adapt a conformation optimal
for binding with G nucleobase thus providing tight contact and efficient cleavage at
G-X phosphodiester bonds.

The influence of the peptide length on the ribonuclease activity was studied in
experiments with the conjugates T4-(LR),G (n was 4, 3 and 2). Decrease of the peptide
length from 4 to 3 units (LR) entirely abolished the cleavage activity whereas conjugate
containing two (LR) units displayed detectable but low activity as compared to
conjugate T4-(LR)4G. Probably in the case of conjugates containing peptides built of
2 or 4 leucine-arginine units an optimal intramolecular conformation of the amino acids
side chains is achieved which is required the ribonuclease activity.

CD spectra of the peptide (LR),G and its conjugate with tetrathymidylate show
that free peptide (LR),G-amide in water solution at neutral pH and physiological ionic
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strength is unfolded (a single band with minimum ellipticity at 195 nm) and its
conformation is affected by the environment. The CD spectrum of the peptide
conjugated to oligonucleotide is represented by the curve with minimum ellipticity at
200 nm with shoulder at ~220 nm indicating that the peptide adopt some regular
secondary structure upon the conjugation. Apparently the ribonuclease activity of
peptidyloligonucleotides is provided by the peculiar structure of the conjugate and the
conjugated oligonucleotide affects the peptide folding.

Thus, for the first time an efficient artificial ribonuclease consisting of short
oligonucleotide (T,) and peptide capable of cleaving RNA at G-X sequences was
developed. Results of the experiments indicate that the ribonuclease activity of the
conjugate is provided by the regular structure of the peptide part of the conjugate and
stabilized by the conjugated oligonucleotide.

ACKNOWLEDGMENTS

This work was supported by the grants from The Wellcome Trust (No. 063630),
CRDF NO-008-X1 and a grant from the Ministry of Education of the Russian
Federation under the auspices of the program ‘‘Fundamental investigations and high
education”” Y1-B-08-08, RFBR No. 02-04-48664 and 03-04-06238, grant SS-
1384.2003.4, grant SB RAS for Interdisciplinary investigations and in Support of
young scientists.

REFERENCES

1. Silnikov, V.N.; Vlassov, V.V. Design of site-specific RNA-cleaving reagents. Russ.
Chem. Rev. 2001, 70, 491-508.

2. Trawick, B.N.; Daniher, A.T.; Bashkin, J.K. Inorganic mimics of ribonucleases and
ribozymes: from random cleavage to sequence-specific chemistry to catalytic
antisense drugs. Chem. Rev. 1998, 98, 939-960.

3. Barbier, B.; Brack, A. Search for catalytic properties of simple polypeptides. Orig.
Life Evol. Biosph. 1987, 77, 381-390.

4. Barbier, B.; Brack, A. Conformation-controlled hydrolysis of polyribonucleotides
by sequential basic polypeptides. J. Am. Chem. Soc. 1992, 174, 3511-3515.

5. Brack, A.; Barbier, B. Chemical activity of simple basic peptides. Orig. Life Evol.
Biosph. 1990, 20, 139-144.

6. Pyshnyi, D.V.; Repkova, M.N.; Lokhov, S.G.; Ivanova, E.M.; Venyaminova, A.G.;
Zarytova, V.F. Attificial ribonucleases. 1. Site-directed RNA cleavage by 5'-
peptidyloligodeoxyribonucleotides containing arginine and leucine residues. Bio-
organ. Chim. (Russia) 1997, 23 (6), 497-504.

7. Mironova, N.L.; Pyshnyi, D.V.; Ivanova, E.M.; Zarytova, V.F.; Zenkova, M.A.;
Gross, H.J.; Vlassov, V.V. Sequence-specific cleavage of the target RNA with
oligonucleotide-peptide conjugates. Russ. Chem. Bul. 2002, 57, 1177—-1186.

8. Mironova, N.L.; Pyshnyi, D.V.; Ivanova, E.M.; Zenkova, M.A.; Gross, H.J.;
Vlassov, V.V. Artificial ribonucleases: oligonucleotide-peptide conjugates cleaving
GpX and PypA sequences in RNA. Dokl. Akad. Nauk 2002, 385, 556—560.



10: 47 26 January 2011

Downl oaded At:

890

10.

11.

12.

13.

14.

Mironova et al.

Milligan, J.F.; Unlenbeck, O.C. Synthesis of small RNAs using T7 RNA
polymerase. Methods Enzymol. 1989, /80, 51-62.

Silberklang, M.; Prochiantz, A.; Haenni, A.; Rajbhandary, U.L. Studies on the
sequence of the 3’-Terminal region of turnip-yellow-mosaic-virus RNA. Eur. J.
Biochem. 1977, 72, 465—-478.

Zarytova, V.F.; Ivanova, E.M.; Yarmoluyk, S.N.; Alekseeva, I.V. Synthesis of
oligonucleotidyl-(5'-N)-peptides containing arginine. Biopolym. Cell. 1988, I,
220-222.

Vlasov, A.V.; Vlasov, V.V.; Zh’ezhe, R. RNA hydrolysis catalyzed by imidazole as
a reaction for studying the secondary structure of RNA and complexes of RNA with
oligonucleotides. Dokl. Akad. Nauk 1996, 349, 411-413.

Donis-Keller, H.; Maxam, A.M.; Gilbert, W. Mapping adenines, guanines, and
pyrimidines in RNA. Nucleic Acids Res. 1977, 4, 2527—-2538.

Mironova, N.L.; Pyshnyi, D.V.; Ivanova, E.M. RNA-Cleaving Oligonucleotide-
Peptide Conjugates; Gross, HJ., Zenkova, M.A., Eds.; Springer Verlag, 2003;
151-172, Chapter IX.

Received December 2, 2003
Accepted April 23, 2004



