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Abstract: Antisense oligonucleotide phosphorothioates have been designed, which contain segments of 
oligodeoxynucleotide and 2’-0-methyloligoribonucleotides and studied for their biophysical and biochemical 
properties. Oligonucleotide phosphorothioates containing segments of 2’-0-methyloligoribonucleotides at both 3’- 
and 5’-ends show increased nuclease resistance, bind more strongly to complementary RNA targets, activate 
RNase H and show increased inhibition of human immunodeficiency virus type 1 replication in infected cells. 

Antisense oligonucleotides and modified analogs are being widely used to modulate the expression of 

specific genest. One of the most studied analogs of oligodeoxynucleotides are phosphorothioates (PS- 

oligonucleotide)Zs. PS-oligonucleotides are more resistant to nuclease digestion compared to their phosphodiester 

oligonucleotides and their duplex with RNA is a substrate for RNase H. Oligodeoxynucleotide phosphorothioates 

have been used as antiviral agents ,4 specifically inhibiting replication of human immunodeficiency virus,s-10 

influenza virus, 11 herpes simplex virus12 and human papilomavirusts. Oligodeoxynucleotide phosphorothioates 

have also been studied for modulating expression of genes implicated in cancers14 and malaria parasite@. PS- 

oligonucleotides have been studied for their toxicity and pharmacokinetics in mice, 16 rats 17-19 and monkeys2o. 

PS-oligonucleotides showed animal species related side effects20 and found to be degraded in vivo primarily by 

3’-exonucleasest6. 

Phosphorothioate analogs of oligoribonucleotides21 and 2’-0-methyloligoribonucleotides22 have also 

been inhibitors of HIV replication, however they are less effective than PS-oligonucleotides. 2’-0- 

methyloligoribonucleotide phosphorothioates (PS-2’-0-methyloligoribonucleotides) are more resistant to 

nucleases22 and form stable duplexes with RNA. However, the duplexes with RNA are not substrates for RNase 

Hz? The present study combines the favorable antisense properties of PS-oligonucleotides (RNase H activation) 

and PS-2’-0-methyloligoribonucleotides (increased nuclease resistance and duplex stability) together to further 

improve the antisense activity of oligonucleotide phosphorothioates. 

The oligonucleotide sequence used to carry out this study was complementary to the splice donor site of 

the tat gene of HIV-l. Various oligonucleotides (1 to 6) were synthesized (Fig. 1) which include PS- 

oligonucleotides, PS-2’-0-methyloligoribonucleotide and PS-oligonucleotides containing segments of PS-2’-0- 

methyloligoribonucleotides. 

Oligonucleotides 1, 2 and 6 were studied for their nuclease resistance using snake venom 

phosphodiesterasezs. Oligonucleotide 1 was almost completely digested in 420 min whereas, oligonucleotide 2 
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was digested to approximately fifty percent (Fig. 2), and Oligonucleotide 6 remained intact. These results 

indicate that incorporation of segments of 2’-0-methyloligoribonucleotides increased the stability of PS- 

1. ACACCCAATTCTGAAAATGG 

2. ACACCCAATTCiUGAAAATG/G 

3. ~Z~~CCCAATTCT~GAA~KF~~~~G 

4. ~AC@JATTC~AAA~G 

5. AlCACCCAAU/TCTGAAAATGG 

6. ~CACCCAAUUCUGAAAAUG~G 

Fig. 1. Structure of the oligonucleotides synthesized. Bracketed segments of the sequence contain 2*-O- 
methyloligoribonucleotides. 

oligonucleotide against exonucleases in vitro and suggest that the half-life of these oligonucleotides may improve 

2’-0- in vivo. Indeed in our preliminary pharmacokinetic study in rats, PS-oligonucleotides containing 

methylribonucleotides at both 3’- and 5’-ends showed a significant increase in in vivo half-life. 

C 

Fig. 2. Nuclease stability studies of oligonucleotide 1 (A), oligonucleotide 2 (B) and oligonucleotide 6 (C). 
In each block, the top HPLCprofile is of zero time and the bottom HPLCprofile is at 420 min. 

Hybridization properties of oligonucleotide 1-6 were studied by melting temperature (T,) using 

complementary oligodeoxynucleotides as well as oligoribonucleotides to model the heteroduplex formation with a 

DNA and with a RNA target26. Fig. 3A shows the duplex stability studies of oligonucleotides with the 

complementary ohgodeoxynucleotide. The T,,, of the PS-oligonucleotide (oligonucleotide 1) was 5 1.1 “C, in 

comparison to the T, of the PS-2’-0-methyloligoribonucleotide (oligonucleotide 6) which was 47.6”C. 
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Oligonucleotides 2, 3, 4 and 5 containing various segments of PS-oligonucleotides and PS-2’-0- 

methyloligoribonucleotides (Fig. 1) had T,,,s of 48.3,49.9, 45.1 and 47.2”C respectively (Fig. 3A). The above 

results indicate that duplex stability of oligonucleotides 1 to 6 with the complementary oligodeoxynucleotide is 

affected adversely by incorporating segments of 2’-0-methyloligoribonucleotide phosphorothioates. 

In contrast, duplexes formed between oligonucleotides 1 - 6 with an oligoribonucleotide showed 

increased melting temperatures. Fig. 3B shows the melting temperature profile of oligonucleotides 1 to 6 with the 

complementary oligoribonucleotide. PS-oligonucleotide (oligonucleotide 1) had a T,,, of 43.4”C. In comparison, 

PS-2’-0-methyloligoribonucleotide (oligonucleotide 6) had a T,,, of 61.l”C, which was about 17°C higher, 

suggesting an increased affinity of PS-2’-0-methyloligoribonucleotides to the target RNA. Oligonucleotides 2, 

3, 4 and 5 had T,,,s of 50.9,48.9, 50.9 and 5 1. l”C, respectively. It is clearly evident from the results of this 

duplex stability study, that introduction of segments of 2’-0-methyloligoribonucleotide phosphorothioates into 

oligodeoxynucleotide phosphorothioates increases duplex stability and suggests an increased affinity to the target 

RNA in vivo. 

Fig. 3. Melting curves of oligonucleotide Z (a), 2 (b), 3 (c), 4 (d), 5 (e), and 6 cf) with the complementary 
(A) oligodeoxynucleotides or(B) oligoribonucleotide. 

Oligonucleotide 1 ( PS-oligonucleotide) and oligonucleotides 2, 3, 4 and 5, containing segments of 2’- 

0-methyloligoribonucleotides activated RNase H and showed site specific cleavage of the complementary 

oligoribonucleotide27. Oligonucleotide 6, a 2’-0-methyloligoribonucleotide, was not a substrate for RNase H 

and failed to show any cleavage of the complementary RNA (Fig. 4). RNase H cleavage of antisense 



2932 V. METELEV et al. 

oligonucleotide duplexes is an important feature in vivo to modulate gene expression. It is achieved by hetero- 

duplex formation which can induce cleavage of the target RNA mediated by RNase H. 

Oligonucleotides were also studied for their biological activity using an acute HIV-l infection assayW All 

of the oligonucleotides inhibited virus replication, however oligonucleotides 3 and 4, containing 2’-O-methyl- 

oligoribonucleotide segments at the 3 ‘- as well as the 5 ‘-end, were more potent in inhibition of HIV- 1 replication 

(Fig. 5). Oligonucleotide 6 showed less activity than oligonucleotide 1, even though it was more resistant to 

nucleases and has greater affinity for the complementary RNA but its heteroduplex with target RNA does not 

activate RNase H. The biological activity of oligonucleotides 1-6 confirmed the prediction based on physico- 

chemical properties. The most active oligonucleotides, 3 and 4, were protected against nuclease digestion from 

both ends, formed stable heteroduplexes with target RNA, and are able to activate site specific RN&e H digestion 

of the target RNA. 

Fig. 4. RNase H activation properties of oligonucleotiak. Arrows show the specific cleavage sites. Two lane at 
right handsides are control RNA and RNA containing mismatched PS-oligonucleotides showed no 
cleavage. 
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Fig. 5. Anti-HZV activity of oligonucleotides Z-6 as measured by p24 and syncytia. In syncytia assay, each + 
sign represents O-25% of the cells fom syncytia. 

In summary, incorporation of segments of 2’-0-methyloligoribonucleotide into PS-oligonucleotides 

increases nuclease stability and affinity to the target RNA, without effecting the RNase H activation property. In 

in vitro experiments, these oligonucleotides are more active in inhibiting HIV-l replication than less nuclease 

resistant PS- oligonucleotides or more nuclease resistant 2’-0-methyloligoribonucleotides29. A similar increase in 

potency of PS-oligonucleotides containing segments of 2’-0-alkyloligonucleotide has also been reported in an 

Ha-ras transfected assay system30. 
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