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P-Methoxy (Methoxy Phosphate)[MoP] and P-Ethoxy (Ethoxy Phosphate) [EoP] modified backbone oligos

P-Methoxy (Methoxy Phosphate), P-Ethoxy (Ethoxy Phosphate) and methyl phosphonate [mp] modified backbone oligos
makes the phosphodiester linkage neutral charged. The solubility of the oligo in aqueous solutions slowly decreases with
increasing modified linkages; consider incorporating as many standard phosphodiester linkages as well in the oligo.
Increasing percentage of DMSO from 0.5 to 10% may be used to solubilize the oligo.
These oligonucleotides with neutral backbone displayed high nuclease resistance and improved cellular uptake (1). These
are one of the favorable properties of antisense oligonucleotides. In addition to being neutral charge but also impart lipophilic
character to the modified oligo.
. Gutierrez-Puente et al (2) used a P-ethoxy oligonucleotide (oligo), 20 bases long and specific for the translation initiation site
of human Bcl-2 mRNA. This was incorporated into liposomes to increase its intracellular delivery. This oligo selectively
inhibited Bcl-2 protein expression and induced growth inhibition in t(14;18)-positive transformed follicular lymphoma (FL) cell
lines. They studied the inhibitory effects of shorter liposomal P-ethoxy oligos (7, 9, 11 or 15 mer) in order to determine the
activity of different oligo chain lengths targeted to the same Bcl-2 mRNA. At 12 μM, all the oligos inhibited the growth of a FL
cell line. They compared the 7-mer oligo with the 20-mer oligo. The two oligos inhibited Bcl-2 protein expression similarly:
66% and 60% for the 7- and 20-mer, respectively. The uptake and retention of both oligos were also very similar. Their
results indicate that the Bcl-2 inhibitory activity is maintained with P-ethoxy antisense oligos ranging from 7 to 20 bases.

P-Methoxy (Methoxy Phosphate), P-Ethoxy (Ethoxy Phosphate) References
1. Roberts, T. C.; Langer, R.; Wood, M. J. A. (2020) Advances in oligonucleotide drug Delivery. Nature Reviews Drug
Discovery 19: 673-694.
2. Gutierrez-Puente, Y.; Tari, A.M.; Ford, R.J.; Tamez-Guerra, R.; Mercado-Hernandez, R.; Santoyo-Stephano, M.;
Lopez-Berestein, G. (2009) Cellular Pharmacology of P-ethoxy Antisense Oligonucleotides Targeted to Bcl-2 in a Follicular
Lymphoma Cell Line.

1 Westchester Plaza, Suite 126, Elmsford, NY 10523 | Tel: 914-769-1192 | Fax: 914-769-1193 | www.genelink.com |
Print Date Version : February 15, 202626-6641G.pdf Page 1 of 2



Leukemia & Lymphoma 44: 1979-1985

Methyl phosphonoamidites are deoxynucleoside amidites modified such that, when incorporated into an oligonucleotide, that
base position will have a (electrically neutral) methyl phosphonate backbone linkage instead of the standard (negatively
charged) phosphodiester linkage. Oligos containing one or more methyl phosphonate linkages will be resistant to nuclease
degradation at those positions, and the lack of charge improves intracellular transport. Because of these properties, methyl
phosphonolated oligos have been explored as anti-sense reagents (1). However, since methyl phosphonate linkages lower
the oligo's cellular uptake (2) as well as the Tm of the duplex formed with its RNA target (3), and, most importantly, also
interferes with activation of RNase H activity (4), considerable care must taken in choosing which, and how many, methyl
phosphonate linkages to incorporate into a putative anti-sense oligo. In that regard, we note that 2'-O-Methyl RNA oligos
containing a single 3'-end methyl phosphonate "cap" (to eliminate 3'-exonuclease degradation) have been successfully used
as anti-sense reagents (5). In addition, DNA extension primers containing such a "cap" have been used to characterize the
nuclease activity of the yeast telomerase complex (6). Methylphosphonolated anti-sense oligos have also been used
successfully to "mask" sites in U1 and U2 snRNPs required for spliceosome formation, and thus interfere with mRNA splicing
(7). Many of the unique properties of methyl phosphonate oligos are due to the introduction of chirality into the
phosphodiester backbone by the methyl group (8).

Methyl phosphonate (mp) References
1. Sarin, P.S., Agrawal, S., Civeira, M.P., Goodchild, J., Ikeuchi, T., Zamecnik, P.C. Inhibition of acquired immunodeficiency
syndrome virus by oligodeoxynucleoside methylphosphonates. (1988) Proc. Natl. Acad. Sci. USA 85: 7448-7451.
2. Blake, K.R., Murakami, A., Spitz, S.A., Glave, S.A., Reddy, M.P., Ts'o, P.O., Miller, P.S. Hybridization arrest of globin
synthesis in rabbit reticulocyte lysates and cells by oligodeoxyribonucleoside methylphosphonates. (1985) Biochemistry, 24:
6139-6145.
3. Kibler-Herzog, L., Zon, G., Uznanski, B., Whittier, G, Wilson, W.D. Duplex stabilities of phosphorothioate,
methylphosphonate, and RNA analogs of two DNA 14-mers. (1991) Nucleic Acids Res. 19: 2979-2986.
4. Walder, J. Antisense DNA and RNA: progress and prospects. (1988) Genes Dev. 2: 502-504.
5. Prater, C.E., Miller, P.S. 3'-Methylphosphonate-Modified Oligo-2'-O-methylribonucleotides and Their Tat Peptide
Conjugates: Uptake and Stability in Mouse Fibroblasts in Culture. (2004) Bioconjugate Chem. 15: 498-507.
6. Niu, H., Xia, J., Lue, N.F. Characterization of the Interaction between the Nuclease and Reverse Transcriptase Activity of
the Yeast Telomerase Complex. (2000) Mol. Cell. Biol. 20: 6806-6815.
7. Temsamani, J., Agrawal, S., Pederson, T. Biotinylated Antisense Methylphosphonate Oligodeoxynucleotides-Inhibition of
Spliceosome Assembly and Affinity Selection for U1 and U2 Small Nuclear RNPs. (1991) J. Biol. Chem. 266: 468-472.
8. Thiviyanathan, V., Vyazovkina, K.V., Gozansky, E.K., Bichenchova, E., Abramova, T.V., Luxon, B.A., Lebedev, A.V.,
Gorenstein, D.G. (2002) Structure of Hybrid Backbone Methylphosphonate DNA Heteroduplexes: Effect of R and S
Stereochemistry. Biochemistry. 416: 827-838.

Phosphorothioate Phosphorothioate modification is to the backbone linkage modifying the phosphodiester linkage to
phosphorothioate. This imparts considerable nuclease resistance and is used widely in the design of antisense
oligonucleotides (ODN).
An antisense oligonucleotide refers to a short, synthetic DNA or RNA strand that is complementary in sequence to a short
target sequence on a particular mRNA strand, which upon specific hybridization to its target induces inhibition of gene
expression. The mechanism of inhibition is based on two properties: first, the physical blocking of the translation process by
the presence of the short double-stranded region, and second, in the case of antisense DNA, the resulting DNA-RNA duplex
is susceptible to cleavage by cellular RNase H activity, which degrades the mRNA and prevents proper translation. The latter
property is the classic mode of action for antisense oligos. The former property can be used when it is necessary to design an
antisense oligo with certain modifications that result in it not supporting RNase-H activity (1,2).
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Mesyl Phosphoramidate (Ms, u) Forty years of research have shown that antisense oligonucleotides have great potential to
target mRNAs of disease-associated genes and noncoding RNAs. Among the vast number of oligonucleotide backbone
modifications, phosphorothioate modification is the most widely used in research and the clinic. However, along with their
merits are notable drawbacks of phosphorothioate oligonucleotides, including decreased binding affinity to RNA, reduced
specificity, and increased toxicity. Here we report the synthesis and in vitro evaluation of the DNA analog mesyl
phosphoramidate oligonucleotide. This oligonucleotide type recruits RNase H and shows significant advantages over
phosphorothioate in RNA affinity, nuclease stability, and specificity in inhibiting key processes of carcinogenesis. Thus, mesyl
phosphoramidate oligonucleotides may be an attractive alternative to phosphorothioates (1).
DNA analog in which the mesyl (methanesulfonyl) phosphoramidate group is substituted for the natural phosphodiester group
at each internucleotidic position (2-5), the oligomers show significant advantages over the often-used DNA phosphorothioates
in RNA binding affinity, nuclease stability, and specificity of their antisense action, which involves activation of cellular RNase
H enzyme for hybridization-directed RNA cleavage. Biological activity of the oligonucleotide analog was demonstrated with
respect to pro-oncogenic miR-21. A 22-nt anti-miR-21 mesyl phosphoramidate oligodeoxynucleotide specifically decreased
the miR-21 level in melanoma B16 cells, induced apoptosis, reduced proliferation, and impeded migration of tumor cells,
showing superiority over isosequential phosphorothioate oligodeoxynucleotide in the specificity of its biological effect. Lower
overall toxicity compared with phosphorothioate and more efficient activation of RNase H are the key advantages of mesyl
phosphoramidate oligonucleotides, which may represent a promising group of antisense therapeutic agents (1).
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ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.
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Click this link to view these modifications.
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