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HUMAN RNASE H1 AND OLIGONUCLEOTIDE 
COMPOSITIONS THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to a human Type 2 
RNase H Which has noW been cloned, expressed and puri?ed 
to electrophoretic homogeneity. The present invention fur 
ther relates to oligonucleotide compositions that may serve 
as substrates for human RNase H1 or human Type 2 RNase 
H. 

BACKGROUND OF THE INVENTION 

[0002] RNase H hydrolyZes RNA in RNA-DNA hybrids. 
This enZyme Was ?rst identi?ed in calf thymus but has 
subsequently been described in a variety of organisms 
(Stein, H. and Hausen, P., Science, 1969, 166, 393-395; 
Hausen, P. and Stein, H., Eur. J. Biochem., 1970, 14, 
278-283). RNase H activity appears to be ubiquitous in 
eukaryotes and bacteria (Itaya, M. and Kondo K. Nucleic 
Acids Res., 1991, 19, 4443-4449; Itaya et al., Mol. Gen. 
Genet, 1991 227, 438-445; Kanaya, S., and Itaya, M., J. 
Biol. Chem, 1992, 267, 10184-10192; Busen, W., J. Biol. 
Chem., 1980, 255, 9434-9443; Rong, Y. W. and Carl, P. L., 
1990, Biochemistry 29, 383-389; Eder et al., Biochimie, 
1993 75, 123-126). Although RNase Hs constitute a family 
of proteins of varying molecular Weight, nucleolytic activity 
and substrate requirements appear to be similar for the 
various isotypes. For example, all RNase Hs studied to date 
function as endonucleases, exhibiting limited sequence 
speci?city and requiring divalent cations (e.g. , Mg2+, Mn2+) 
to produce cleavage products With 5‘ phosphate and 3‘ 
hydroxyl termini (Crouch, R. J., and Dirksen, M. L., 
Nuclease, Linn, S, M., & Roberts, R. J., Eds., Cold Spring 
Harbor Laboratory Press, Plainview, NY. 1982, 211-241). 

[0003] In addition to playing a natural role in DNA 
replication, RNase H has also been shoWn to be capable of 
cleaving the RNA component of certain oligonucleotide 
RNA duplexes. While many mechanisms have been pro 
posed for oligonucleotide mediated destabiliZation of target 
RNAs, the primary mechanism by Which antisense oligo 
nucleotides are believed to cause a reduction in target RNA 
levels is through this RNase H action. Monia et al., J. Biol. 
Chem., 1993, 266:13, 14514-14522. In vitro assays have 
demonstrated that oligonucleotides that are not substrates for 
RNase H can inhibit protein translation (Blake et al., Bio 
chemistry, 1985, 24, 6139-4145) and that oligonucleotides 
inhibit protein translation in rabbit reticulocyte extracts that 
exhibit loW RNase H activity. HoWever, more ef?cient 
inhibition Was found in systems that supported RNase H 
activity (Walder, R. Y. and Walder, J. A., Proc. Nat’lAcaa'. 
Sci. USA, 1988, 85, 5011-5015; Gagnor et al., Nucleic Acid 
Res., 1987, 15, 10419-10436; CaZenave et al., Nucleic Acid 
Res., 1989, 17, 4255-4273; and Dash et al.,Proc. Nat’lAcaa'. 
Sci. USA, 1987, 84, 7896-7900. 

[0004] Oligonucleotides commonly described as “anti 
sense oligonucleotides” comprise nucleotide sequences suf 
?cient in identity and number to effect speci?c hybridiZation 
With a particular nucleic acid. This nucleic acid or the 
protein(s) it encodes is generally referred to as the “target.” 
Oligonucleotides are generally designed to bind either 
directly to mRNA transcribed from, or to a selected DNA 
portion of, a preselected gene target, thereby modulating the 

May 27, 2004 

amount of protein translated from the mRNA or the amount 
of mRNA transcribed from the gene, respectively. Antisense 
oligonucleotides may be used as research tools, diagnostic 
aids, and therapeutic agents. 

[0005] “Targeting” an oligonucleotide to the associated 
nucleic acid, in the context of this invention, also refers to 
a multistep process Which usually begins With the identi? 
cation of the nucleic acid sequence Whose function is to be 
modulated. This may be, for example, a cellular gene (or 
mRNA transcribed from the gene) Whose expression is 
associated With a particular disorder or disease state, or a 
foreign nucleic acid from an infectious agent. The targeting 
process also includes determination of a site or sites Within 
this gene for the oligonucleotide interaction to occur such 
that the desired effect, either detection or modulation of 
expression of the protein, Will result. 

[0006] RNase H1 from E. coli is the best-characteriZed 
member of the RNase H family. The 3-dimensional structure 
of E. coli RNase HI has been determined by x-ray crystal 
lography, and the key amino acids involved in binding and 
catalysis have been identi?ed by site-directed mutagenesis 
(Nakamura et al., Proc. Natl. Acad. Sci. USA, 1991, 88, 
11535-11539; Katayanagi et al., Nature, 1990, 347, 306 
309; Yang et al., Science, 1990, 249, 1398-1405; Kanaya et 
al., J. Biol. Chem., 1991, 266, 11621-11627). The enZyme 
has tWo distinct structural domains. The major domain 
consists of four a helices and one large [3 sheet composed of 
three antiparallel [3 strands. The Mg2+ binding site is located 
on the [3 sheet and consists of three amino acids, Asp-10, 
Glu-48, and Gly-11 (Katayanagi et al., Proteins: Struct., 
Funct, Genet, 1993, 17, 337-346). This structural motif of 
the Mg2+ binding site surrounded by [3 strands is similar to 
that in DNase I (Suck, D., and Oefner, C.,Nature, 1986, 321, 
620-625). The minor domain is believed to constitute the 
predominant binding region of the enZyme and is composed 
of an 0t helix terminating With a loop. The loco region is 
composed of a cluster of positively charged aminc acids that 
are believed to bind electrostatistically to the minor groove 
of the DNA/RNA heteroduplex substrate. Although the 
conformation of the RNA/DNA substrate can vary, from 
A-form to B-form depending on the sequence composition, 
in general RNA/DNA heteroduplexes adopt an A-like geom 
etry (Pardi et al., Biochemistry, 1981, 20, 3986-3996; Hall, 
K. B., and Mclaughlin, L. W., Biochemistry, 1991, 30, 
10606-10613; Lane et al., Eur J. Biochem., 1993, 215, 
297-306). The entire binding interaction appears to comprise 
a single helical turn of the substrate duplex. Recently the 
binding characteristics, substrate requirements, cleavage 
products and effects of various chemical modi?cations of the 
substrates on the kinetic characteristics of E. coli RNase HI 
have been studied in more detail (Crooke, S. T. et al., 
Biochem. J., 1995, 312, 599-608; Lima, W. F. and Crooke, 
S. T., Biochemistry, 1997, 36, 390-398; Lima, W. F. et al.,J. 
Biol. Chem, 1997, 272, 18191-18199; Tidd, D. M. and 
Worenius, H. M., Br J. Cancer; 1989, 60, 343; Tidd, D. M. 
et al., Anti-Cancer Drug Des., 1988, 3, 117. 

[0007] In addition to RNase HI, a second E. coli RNase H, 
RNase HII has been cloned and characteriZed (Itaya, M., 
Proc. Natl. Acad. Sci. USA, 1990, 87, 8587-8591). It is 
comprised of 213 amino acids While RNase HI is 155 amino 
acids long. E. coli RNase HIM displays only 17% homology 
With E. coli RNase HI. An RNase H cloned from S. 
typhimurium differed from E. coli RNase HI in only 11 
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positions and Was 155 amino acids in length (Itaya, M. and 
Kondo K.,NucleicAcids Res., 1991, 19, 4443-4449; Itaya et 
al., Mol. Gen. Genet, 1991, 227, 438-445). An enzyme 
cloned from S. cerevisae Was 30% homologous to E. coli 
RNase HI (Itaya, M. and Kondo K., Nucleic Acids Res., 
1991, 19, 4443-4449; Itaya et al., Mol. Gen. Genet, 1991, 
227, 438-445). Thus, to date, no enZyme cloned from a 
species other than E. coli has displayed substantial homo 
lagy to E. coli RNase H II. 

[0008] Proteins that display RNase H activity have also 
been cloned and puri?ed from a number of viruses, other 
bacteria and yeast (Wintersberger, U. Pharmac. T her, 1990, 
48, 259-280). In many cases, proteins With RNase H activity 
appear to be fusion proteins in Which RNase H is fused to the 
amino or carboxy end of another enZyme, often a DNA or 
RNA polymerase. The RNase H domain has been consis 
tently found to be highly homologous to E. coli RNase HI, 
but because the other domains vary substantially, the 
molecular Weights and other characteristics of the fusion 
proteins vary Widely. 

[0009] In higher eukaryotes tWo classes of RNase H have 
been de?ned based on differences in molecular Weight, 
effects of divalent cations, sensitivity to sulfhydryl agents 
and immunological cross-reactivity (Busen et al., Eur. J. 
Biochem., 1977, 74, 203-208). RNase H Type 1 enZymes are 
reported to have molecular Weights in the 68-90 kDa range, 
be activated by either Mn2+ or Mg2+ and be insensitive to 
sulfhydryl agents. In contrast, RNase H Type 2 enZymes 
have been reported to have molecular Weights ranging from 
31-45 kDa, to require Mg2+ to be highly sensitive to 
sulfhydryl agents and to be inhibited by Mn2+ (Busen, W., 
and Hausen, P., Eur J. Biochem, 1975, 52, 179-190; Kane, 
C. M., Biochemistry, 1988, 27, 3187-3196; Busen, W., J. 
Biol. Chem, 1982, 257, 7106-7108.). 
[0010] An enZyme With Type 2 RNase H characteristics 
has been puri?ed to near homogeneity from human placenta 
(Frank et al., NucleicAcia's Res., 1994, 22, 5247-5254). This 
protein has a molecular Weight of approximately 33 kDa and 
is active in a pH range of 6.5-10, With a pH optimum of 
8.5-9. The enZyme requires Mg2+ and is inhibited by Mn2+ 
and n-ethyl maleimide. The products of cleavage reactions 
have 3‘ hydroxyl and 5‘ phosphate termini. 

[0011] Despite the substantial information about members 
of the RNase family and the cloning of a number of viral, 
prokaryotc and yeast genes With RNase H activity, until noW, 
no mammalian RNase H had been cloned. This has ham 
pered efforts to understand the structure of the enZyme(s), 
their distribution and the functions they may serve. 

[0012] In the present invention, a cDNA of human RNase 
H With Type 2 characteristics and the protein expressed 
thereby are provided. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides oligonucleotides 
that can serve as substrates for human RNase H1. These 
oligonucleotides are mixed sequence oligonucleotides com 
prising at least tWo portions Wherein a ?rst portion is capable 
of supporting human RNase H1 cleavage of a complemen 
tary target RNA and a further portion Which is not capable 
of supporting such human RNase H1 cleavage. 

[0014] The present invention provides a mixed sequence 
oligonucleotide comprising at least 12 nucleotides and hav 

May 27, 2004 

ing a 3‘ end and a 5‘ end, said oligonucleotide being divided 
into a ?rst portion and a further portion, 

[0015] said ?rst portion being capable of supporting cleav 
age of a complementary target RNA by human RNase H1 
polypeptide, 
[0016] said further portion being incapable of supporting 
said RNase H cleavage; 

[0017] Wherein said ?rst portion comprises at least 6 
nucleotides and is positioned in said oligonucleotide such 
that at least one of said 6 nucleotides is 8 to 12 nucleotides 
from the 3‘ end of said oligonucleotide. 

[0018] In a preferred embodiment the oligonucleotide 
comprises at least one CA nucleotide sequence. In another 
embodiment the ?rst portion of the mixed sequence oligo 
nucleotide of the present invention comprises nucleotides 
having a B-form conformational geometry. In a further 
embodiment each of the nucleotides of the ?rst portion of the 
oligonucleotide are 2‘-deoxyribonucleotides. In a still fur 
ther embodiment each of the nucleotides of the ?rst portion 
of the oligonucleotide is a 2‘-F arabinonucleotide or a 2‘-OH 
arabinonucleotide. In yet another embodiment the nucle 
otides of the ?rst portion are joined together in a continuous 
sequence by phosphate, phosphorothioate, phosphorodithio 
ate or boranophosphate linkages. In yet a further embodi 
ment all of the nucleotides of the further portion of the 
oligonucleotide are joined together in a continuous sequence 
by 3‘-5‘ phosphodiester, 2‘-5‘ phosphodiester, phospho 
rothioate, Sp phosphorothioate, Rp phosphorothioate, phos 
phorodithioate, 3‘-deoxy-3‘-amino phosphoroamidate, 
3‘-methylenephosphonate, methylene(methylimino), dim 
ethylhydraZino, amide 3, amide 4 or boranophosphate link 
ages. 

[0019] Yet another object of the present invention is to 
provide methods for identifying agents Which modulate 
activity and/or levels of human RNase H1. In accordance 
With this aspect, the polynucleotides and polypeptides of the 
present invention are useful for research, biological and 
clinical purposes. For example, the polynucleotides and 
polypeptides are useful in de?ning the interaction of human 
RNase H1 and antisense oligonucleotides and identifying 
means for enhancing this interaction so that antisense oli 
gonucleotides are more effective at inhibiting their target 
mRNA. 

[0020] Yet another object of the present invention is to 
provide a method of prognosticating ef?cacy of antisense 
therapy of a selected disease Which comprises measuring the 
level or activity of human RNase H in a target cell of the 
antisense therapy. Similarly, oligonucleotides can be 
screened to identify those oligonucleotides Which are effec 
tive antisense agents by measuring binding of the oligo 
nucleotide to the human RNase H1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs the effects of conditions on human 
RNase H1 activity. 

[0022] FIG. 2 shoWs a denaturing polyacrylamide gel 
analysis of human RNase H1 cleavage of a 17-mer RNA 
DNA gapmer duplex. 

[0023] FIG. 3 shoWs analysis of human Rnase H1 cleav 
age of a 25-mer Ras RNA hybridiZed With phosphodiester 
oligodeoxynucleotides of different lengths. 
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[0024] FIG. 4 shows analysis of human RNase H1 cleav 
age of RNA-DNA duplexes With different sequences, length 
and 3‘ or 5‘ overhangs. 

[0025] FIG. 5 shoWs product and processivity analysis of 
human RNase H1 cleavage on 17-mer Ras RNA-DNA 
duplexes. 
[0026] FIG. 6 provides the human Type 2 RNase H 
primary sequence (286 amino acids; SEQ ID NO: 1) and 
sequence comparisons With chicken (293 amino acids; SEQ 
ID NO: 2), yeast (348 amino acids; SEQ ID NO: 3) and E. 
coli RNase H1 (155 amino acids; SEQ ID NO: 4) as Well as 
an EST deduced mouse RNase H homolog (GenBank acces 
sion no. AA389926 and AA518920; SEQ ID NO: 5). Bold 
face type indicates amino acid residues identical to human. 
“@” indicates the conserved amino acid residues implicated 
in E. coli RNase H1 Mg2+ binding site and catalytic center 
(Asp-10, Gly-11, Glu-48 and Asp-70). “*” indicates the 
conserved residues implicated in E. coli RNases H1 for 
substrate binding. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0027] AType 2 human RNase H has noW been cloned and 
expressed. The enZyme encoded by this cDNA is inactive 
against single-stranded RNA, single-stranded DNA and 
double-stranded DNA. HoWever, this enZyme cleaves the 
RNA in an RNA/DNA duplex and cleaves the RNA in a 
duplex comprised of RNA and a chimeric oligonucleotide 
With 2‘ methoxy ?anks and a 5-deoxynucleotide center gap. 
The rate of cleavage of the RNA duplexed With this so-called 
“deoxy gapmer” Was signi?cantly sloWer than observed With 
the full RNA/DNA duplex. These properties are consistent 
With those reported for E. coli RNase H1 (Crooke et al., 
Biochem. J., 1995, 312, 599-608; Lima, W. F. and Crooke, 
S. T., Biochemistry, 1997, 36, 390-398). They are also 
consistent With the properties of a human Type 2 RNase H 
protein puri?ed from placenta, as the molecular Weight (32 
kDa) is similar to that reported by Frank et al., NucleicAcia's 
Res., 1994, 22, 5247-5254) and the enZyme is inhibited by 
Mn2+. 

[0028] Thus, in accordance With one aspect of the present 
invention, there are provided isolated polynucleotides Which 
encode human Type 2 RNase H polypeptides having the 
deduced amino acid sequence of FIG. 1. By “polynucle 
otides” it is meant to include any form of RNA or DNA such 
as mRNA or cDNA or genomic DNA, respectively, obtained 
by cloning or produced synthetically by Well knoWn chemi 
cal techniques. DNA may be double- or single-stranded. 
Single-stranded DNA may comprise the coding or sense 
strand or the non-coding or antisense strand. 

[0029] Methods of isolating a polynucleotide of the 
present invention via cloning techniques are Well knoWn. 
For example, to obtain the cDNA contained in AT CC 
Deposit No. 98536, primers based on a search of the XREF 
database Were used. An approximately 1 Kb cDNA corre 
sponding to the carboxy terminal portion of the protein Was 
cloned by 3‘ RACE. Seven positive clones Were isolated by 
screening a liver cDNA library With this 1 Kb cDNA. The 
tWo longest clones Were 1698 and 1168 base pairs. They 
share the same 5‘ untranslated region and protein coding 
sequence but differ in the length of the 3‘ UTR. A single 
reading frame encoding a 286 amino acid protein (calculated 
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mass: 32029.04 Da) Was identi?ed (FIG. 1). The proposed 
initiation codon is in agreement With the mammalian trans 
lation initiation consensus sequence described by KoZak, 
M., J. Cell Biol., 1989, 108, 229-241, and is preceded by an 
in-frame stop codon. Efforts to clone cDNA’s With longer 5‘ 
UTR’s from both human liver and lymphocyte cDNA’s by 
5‘ RACE failed, indicating that the 1698-base-pair clone Was 
full length. 

[0030] In a preferred embodiment, the polynucleotide of 
the present invention comprises the nucleic acid sequence of 
the cDNA contained Within ATCC Deposit No. 98536. The 
deposit of E. coli DHSO. containing a BLUESCRIPT® 
plasmid containing a human Type 2 RNase H cDNA Was 
made With the American Type Culture Collection, 12301 
Park LaWn Drive, Rockville, Md. 20852, USA, on Sep. 4, 
1997 and assigned ATCC Deposit No. 98536. The deposited 
material is a culture of E. coli DHSO. containing a BLUE 
SCRIPT® plasmid (Stratagene, La Jolla Calif.) that contains 
the full-length human Type 2 RNase H cDNA. The deposit 
has been made under the terms of the Budapest Treaty on the 
international recognition of the deposit of micro-organisms 
for the purposes of patent procedure. The culture Will be 
released to the public, irrevocably and Without restriction to 
the public upon issuance of this patent. The sequence of the 
polynucleotide contained in the deposited material and the 
amino acid sequence of the polypeptide encoded thereby are 
controlling in the event of any con?ict With the sequences 
provided herein. HoWever, as Will be obvious to those of 
skill in the art upon this disclosure, due to the degeneracy of 
the genetic code, polynucleotides of the present invention 
may comprise other nucleic acid sequences encoding the 
polypeptide of FIG. 1 and derivatives, variants or active 
fragments thereof. 

[0031] Another aspect of the present invention relates to 
the polypeptides encoded by the polynucleotides of the 
present invention. In a preferred embodiment, a polypeptide 
of the present invention comprises the deduced amino acid 
sequence of human Type 2 RNase H provided in FIG. 1 as 
SEQ ID NO: 1. HoWever, by “polypeptide” it is also meant 
to include fragments, derivatives and analogs of SEQ ID 
NO: 1 Which retain essentially the same biological activity 
and/or function as human Type 2 RNase H. Alternatively, 
polypeptides of the present invention may retain their ability 
to bind to an antisense-RNA duplex even though they do not 
function as active RNase H enZymes ifn other capacities. In 
another embodiment, polypeptides of the present invention 
may retain nuclease activity but Without speci?city for the 
RNA portion of an RNA/DNA duplex. Polypeptides of the 
present invention include recombinant polypeptides, iso 
lated natural polypeptides and synthetic polypeptides, and 
fragments thereof Which retain one or more of the activities 
described above. 

[0032] In a preferred embodiment, the polypeptide is 
prepared recombinantly, most preferably from the culture of 
E. coli of ATCC Deposit No. 98536. Recombinant human 
RNase H fused to histidine codons (his-tag; in the present 
embodiment six histidine codons Were used) expressed in E. 
coli can be conveniently puri?ed to electrophoretic homo 
geneity by chromatography With Ni-NTA folloWed by C4 
reverse phase HPLC. The puri?ed recombinant polypeptide 
of SEQ ID NO: 1 is highly homologous to E. coli RNase H, 
displaying nearly 34% amino acid identity With E. coli 
RNase H1. FIG. 1 compares the protein sequences deduced 
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from human RNase H cDNA (SEQ ID NO: 1) With those of 
chicken (SEQ ID NO: 2), yeast (SEQ ID NO: 3) and E. coli 
RNase H1 (Gene Bank accession no. 1786408; SEQ ID NO: 
4), as Well as an EST deduced mouse RNase H homolog 
(Gene Bank accession no. AA389926 and AA518920; SEQ 
ID NO: 5). The deduced amino acid sequence of human 
RNase H (SEQ ID NO: 1) displays strong homology With 
yeast (21.8% amino acid identity), chicken (59%), E. coli 
RNase HI (33.6%) and the mouse EST homolog (84.3%). 
They are ail small proteins (<40 KDa) and their estimated 
pIs are all 8.7 and greater. Further, the amino acid residues 
in E. coli RNase HI thought to be involved in the Mg2+ 
binding site, catalytic center and substrate binding region are 
completely conserved in the cloned human RNase H 
sequence (FIG. 1). 
[0033] The human Type 2 RNase H of SEQ ID NO: 1 is 
expressed ubiquitously. Northern blot analysis demonstrated 
that the transcript Was abundant in all tissues and cell lines 
except the MCR-5 line. Northern blot analysis of total RNA 
from human cell lines and Poly A containing RNA from 
human tissues using the 1.7 kb full length probe or a 
332-nucleotide probe that contained the 5‘ UTR and coding 
region of human RNase H cDNA revealed tWo strongly 
positive bands With approximately 1.2 and 5 .5 kb in length 
and tWo less intense bands approximately 1.7 and 4.0 kb in 
length in most cell lines and tissues. Analysis With the 
332-nucleotide probe shoWed that the 5.5 kb band contained 
the 5‘ UTR and a portion of the coding region, Which 
suggests that this band represents a pre-processed or par 
tially processed transcript, or possibly an alternatively 
spliced transcript. Intermediate siZed bands may represent 
processing intermediates. The 1.2 kb band represents the full 
length transcripts. The longer transcripts may be processing 
intermediates or alternatively spliced transcripts. 

[0034] RNase H is expressed in most cell lines tested; only 
MRC5, a breast cancer cell line, displayed very loW levels 
of RNase H. HoWever, a variety of other malignant cell lines 
including those of bladder (T24), breast (T-47D, HS578T), 
lung (A549), prostate (LNCap, DU145), and myeloid lin 
eage (HL-60), as Well as normal endothelial cells (HUVEC), 
expressed RNase H. Further, all normal human tissues tested 
expressed RNase H. Again, larger transcripts Were present as 
Well as the 1.2 kb transcript that appears to be the mature 
mRNA for RNase H. NormaliZation based on G3PDH levels 
shoWed that expression Was relatively consistent in all of the 
tissues tested. 

[0035] The Southern blot analysis of EcoRI digested 
human and various mammalian vertebrate and yeast 
genomic DNAs probed With the 1.7 kb probe shoWs that four 
EcoRI digestion products of human genomic DNA (2.4, 4.6, 
6.0, 8.0 Kb) hybridiZed With the 1.7 kb probe. The blot 
re-probed With a 430 nucleotide probe corresponding to the 
C-terminal portion of the protein shoWed only one 4.6 kbp 
EcoRI digestion product hybridiZed. These data indicate that 
there is only one gene copy for RNase H and that the siZe of 
the gene is more than 10 kb. Both the full length and the 
shorter probe strongly hybridiZed to one EcoRI digestion 
product of yeast genomic DNA (about 5 kb in siZe), indi 
cating a high degree of conservation. These probes also 
hybridiZed to the digestion product from monkey, but none 
of the other tested mammalian genomic DNAs including the 
mouse Which is highly homologous to the human RNase H 
sequence. 
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[0036] A recombinant human RNase H (his-tag fusion 
protein) polypeptide of the present invention Was expressed 
in E. coli and puri?ed by Ni-NTA agarose beads folloWed by 
C4 reverse phase column chromatography. A36 kDa protein 
copuri?ed With activity measured after renaturation. The 
presence of the his-tag Was con?rmed by Western blot 
analyses With an anti-penta-histidine antibody (Qiagen, Ger 
many). 

[0037] Renatured recombinant human RNase H displayed 
RNase H activity. Incubation of 10 ng puri?ed renatured 
RNase H With RNA/DNA substrate for 2 hours resulted in 
cleavage of 40% of the substrate. The enZyme also cleaved 
RNA in an oligonucleotide/RNA duplex in Which the oli 
gonucleotide Was a gapmer With a 5-deoxynucleotide gap, 
but at a much sloWer rate than the full RNA/DNA substrate. 
This is consistent With observations With E. coli RNase HI 
(Lima, W. F. and Crooke, S. T., Biochemistry, 1997, 36, 
390-398). It Was inactive against single-stranded RNA or 
double-stranded RNA substrates and Was inhibited by Mn2+. 
The molecular Weight (~36 kDa) and inhibition by Mn2+, 
indicate that the cloned enZyme is highly homologous to E. 
coli RNase HI and has properties consistent With those 
assigned to Type 2 human RNase H. 

[0038] The sites of cleavage in the RNA in the full 
RNA/DNA substrate and the gapmer/RNA duplexes (in 
Which the oligonucleotide gapmer had a 5-deoxynucleotide 
gap) resulting from the recombinant enZyme Were deter 
mined. In the full RNA/DNA duplex, the principal site of 
cleavage Was near the middle of the substrate, With evidence 
of less prominent cleavage sites 3‘ to the primary cleavage 
site. The primary cleavage site for the gapmer/RNA duplex 
Was located across the nucleotide adjacent to the junction of 
the 2‘ methoxy Wing and oligodeoxy nucleotide gap nearest 
the 3‘ end of the RNA. Thus, the enZyme resulted in a major 
cleavage site in the center of the RNA/DNA substrate and 
less prominent cleavages to the 3‘ side of the major cleavage 
site. The shift of its major cleavage site to the nucleotide in 
apposition to the DNA2‘ methoxy junction of the 2‘ methoxy 
Wing at the 5‘ end of the chimeric oligonucleotide is con 
sistent With the observations for E. coli RNase HI (Crooke 
et al. (1995) Biochem. J. 312, 599-608; Lima, W. F. and 
Crooke, S. T. (1997) Biochemistry 36, 390-398). The fact 
that the enZyme cleaves at a single site in a 5-deoxy gap 
duplex indicates that the enZyme has a catalytic region of 
similar dimensions to that of E. coli RNase HI. 

[0039] Accordingly, expression of large quantities of a 
puri?ed human RNase H polypeptide of the present inven 
tion is useful in characteriZing the activities of a mammalian 
form of this enZyme. In addition, the polynucleotides and 
polypeptides of the present invention provide a means for 
identifying agents Which enhance the function of antisense 
oligonucleotides in human cells and tissues. 

[0040] For example, a host cell can be genetically engi 
neered to incorporate polynucleotides and express polypep 
tides of the present invention. Polynucleotides can be intro 
duced into a host cell using any number of Well knoWn 
techniques such as infection, transduction, transfection or 
transformation. The polynucleotide can be introduced alone 
or in conjunction With a second polynucleotide encoding a 
selectable marker. In a preferred embodiment, the host 
comprises a mammalian cell. Such host cells can then be 
used not only for production of human Type 2 RNase H, but 
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also to identify agents Which increase or decrease levels of 
expression or activity of human Type 2 RNase H in the cell. 
In these assays, the host cell Would be exposed to an agent 
suspected of altering levels of expression or activity of 
human Type 2 RNase in the cells. The level or activity of 
human Type 2 RNase in the cell Would then be determined 
in the presence and absence of the agent. Assays to deter 
mine levels of protein in a cell are Well knoWn to those of 
skill in the art and include, but are not limited to, radioim 
munoassays, competitive binding assays, Western blot 
analysis and enZyme linked immunosorbent assays (ELI 
SAs). Methods of determining increase activity of the 
enZyme, and in particular increased cleavage of an anti 
sense-mRNA duplex can be performed in accordance With 
the teachings of Example 5. Agents identi?ed as inducers of 
the level or activity of this enZyme may be useful in 
enhancing the ef?cacy of antisense oligonucleotide thera 
p1es. 

[0041] The present invention also relates to prognostic 
assays Wherein levels of RNase in a cell type can be used in 
predicting the ef?cacy of antisense oligonucleotide therapy 
in speci?c target cells. High levels of RNase in a selected 
cell type are expected to correlate With higher efficacy as 
compared to loWer amounts of RNase in a selected cell type 
Which may result in poor cleavage of the mRNA upon 
binding With the antisense oligonucleotide. For example, the 
MRCS breast cancer cell line displayed very loW levels of 
RNase H as compared to other malignant cell types. Accord 
ingly, in this cell type it may be desired to use antisense 
compounds Which do not depend on RNase H activity for 
their ef?cacy. 

[0042] Similarly, oligonucleotides can be screened to 
identify those Which are effective antisense agents by con 
tacting human Type 2 RNase H With an oligonucleotide and 
measuring binding of the oligonucleotide to the human Type 
2 RNase H. Methods of determining binding of tWo mol 
ecules are Well knoWn in the art. For example, in one 
embodiment, the oligonucleotide can be radiolabeled and 
binding of the oligonucleotide to human Type 2 RNase H 
can be determined by autoradiography. AlternatIvely, fusion 
proteins of human Type 2 RNase H With glutathione-S 
transferase or small peptide tags can be prepared and immo 
biliZed to a solid phase such as beads. Labeled or unlabeled 
oligonucleotides to be screened for binding to this enZyme 
can then be incubated With the solid phase. Oligonucleotides 
Which bind to the enZyme immobiliZed to the solid phase can 
then be identi?ed either by detection of bound label or by 
eluting speci?cally the bound oligonucleotide from the solid 
phase. Another method involves screening of oligonucle 
otide libraries for binding partners. Recombinant tagged or 
labeled human Type 2 RNase H is used to select oligonucle 
otides from the library Which interact With the enZyme. 
Sequencing of the oligonucleotides leads to identi?cation of 
those oligonucleotides Which Will be more effective as 
antisense agents. 

[0043] The oligonucleotides of the present invention are 
formed from a plurality of nucleotides that are joined 
together via internucleotide linkages. While joined together 
as a unit in the oligonucleotide, the individual nucleotides of 
oligonucleotides are of several types. Each of these types 
contribute unique properties to the oligonucleotide. A ?rst 
type of nucleotides are joined together in a continuous 
sequence that forms a ?rst portion of the oligonucleotide. 
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The remaining nucleotides are of at least one further type 
and are located in one or more remaining portions or 
locations Within the oligonucleotide. Thus, the oligonucle 
otides of the invention include a nucleotide portion that 
contributes one set of attributes and a further portion (or 
portions) that contributes another set of attributes. 

[0044] One attribute that is desirable is eliciting RNase H 
activity. To elicit RNase H activity, a portion of the oligo 
nucleotides of the invention is selected to have B-form like 
conformational geometry. The nucleotides for this B-form 
portion are selected to speci?cally include ribo-pentofura 
nosyl and arabino-pentofuranosyl nucleotides. 2‘-Deoxy 
erythro-pentfuranosyl nucleotides also have B-form geom 
etry and elicit RNase H activity. While not speci?cally 
excluded, if 2‘-deoxy-erythro-pentfuranosyl nucleotides are 
included in the B-form portion of an oligonucleotide of the 
invention, such 2‘-deoxy-erythro-pentfuranosyl nucleotides 
preferably does not constitute the totality of the nucleotides 
of that B-form portion of the oligonucleotide, but should be 
used in conjunction With ribonucleotides or an arabino 
nucleotides. As used herein, B-form geometry is inclusive of 
both C2‘-endo and O4‘-endo pucker, and the ribo and arabino 
nucleotides selected for inclusion in the oligonucleotide 
B-form portion are selected to be those nucleotides having 
C2‘-endo conformation or those nucleotides having O4‘ 
endo conformation. This is consistent With Berger, et. al., 
NucleicAcia's Research, 1998, 26, 2473-2480, Who pointed 
out that in considering the furanose conformations in Which 
nucleosides and nucleotides reside, B-form consideration 
should also be given to a O4‘-endo pucker contribution. 

[0045] A-form nucleotides are nucleotides that exhibit 
C3‘-endo pucker, also knoWn as north, or northern, pucker. 
In addition to the B-form nucleotides noted above, the 
A-form nucleotides can be C3‘-endo pucker nucleotides or 
can be nucleotides that are located at the 3‘ terminus, at the 
5‘ terminus, or at both the 3‘ and the 5‘ terminus of the 
oligonucleotide. Alternatively, A-form nucleotides can exist 
both in a C3‘-endo pucker and be located at the ends, or 
termini, of the oligonucleotide. In selecting nucleotides that 
have C3‘-endo pucker or in selecting nucleotides to reside at 
the 3‘ or 5‘ ends of the oligonucleotide, consideration is 
given to binding af?nity and nuclease resistance properties 
that such nucleotides need to impart to the resulting the 
oligonucleotide. 

[0046] Nucleotides selected to reside at the 3‘ or 5‘ termini 
of oligonucleotides of the invention are selected to impart 
nuclease resistance to the oligonucleotide. This nuclease 
resistance can also be achieved via several mechanisms, 
including modi?cations of the sugar portions of the nucle 
otide units of the oligonucleotides, modi?cation of the 
internucleotide linkages or both modi?cation of the sugar 
and the internucleotide linkage. 

[0047] Aparticularly useful group of nucleotides for use in 
increasing nuclease resistance at the termini of oligonucle 
otides are those having 2‘-O-alkylamino groups thereon. The 
amino groups of such nucleotides can be groups that are 
protonated at physiological pH. These include amines, 
monoalkyl substituted amines, dialkyl substituted amines 
and heterocyclic amines such as imidaZole. Particularly 
useful are the loWer alkyl amines including 2‘-O-ethylamine 
and 2‘-O-propylamine. Such O-alkylamines can also be 
included on the 3‘ position of the 3‘ terminus nucleotide. 
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Thus the 3‘ terminus nucleotide could include both a 2‘ and 
a 3‘-O-alkylamino substituent. 

[0048] In selecting for nuclease resistance, it is important 
not to detract from binding af?nity. Certain phosphorus 
based linkage have been shoWn to increase nuclease resis 
tance. The above described phosphorothioate linkage 
increase nuclease resistance, hoWever, it also causes loss of 
binding af?nity. Thus, generally for use in this invention, if 
phosphorothioate internucleotide linkage are used, other 
modi?cation Will be made to nucleotide units that increase 
binding af?nity to compensate for the decreased af?niti 
contribute by the phosphorothioate linkages. 
[0049] Other phosphorus based linkages having increase 
nuclease resistance that do not detract from binding af?nity 
include 3‘-methylene phosphonates and 3‘-deoXy-3‘-amino 
phosphoroamidate linkages. A further class of linkages that 
contribute nuclease resistance but do not detract from bind 
ing af?nity are non-phosphate in nature. Preferred among 
these are methylene(methylimino) linkages, dimethylhy 
draXino linkages, and amine 3 and amide 4 linkages as 
described (Freier and Altmann, Nucleic Acid Research, 
1997, 25, 4429-4443). 
[0050] There are a number of potential items to consider 
When designing oligonucleotides having improved binding 
af?nities. It appears that one effective approach to construct 
ing modi?ed oligonucleotides With very high RNA binding 
af?nity is the combination of tWo or more different types of 
modi?cations, each of Which contributes favorably to vari 
ous factors that might be important for binding affinity. 

[0051] Freier and Altmann, Nucleic Acids Research, 
(1997) 25:4429-4443, recently published a study on the 
in?uence of structural modi?cations of oligonucleotides on 
the stability of their duplexes With target RNA. In this study, 
the authors revieWed a series of oligonucleotides containing 
more than 200 different modi?cations that had been synthe 
siZed and assessed for their hybridiZation af?nity and Tm. 
Sugar modi?cations studied included substitutions on the 
2‘-position of the sugar, 3‘-substitution, replacement of the 
4‘-oXygen, the use of bicyclic sugars, and four member ring 
replacements. Several nucleobase modi?cations Were also 
studied including substitutions at the 5, or 6 position of 
thymine, modi?cations of pyrimidine heterocycle and modi 
?cations of the purine heterocycle. Numerous backbone 
modi?cations Were also investigated including backbones 
bearing phosphorus, backbones that did not bear a phospho 
rus atom, and backbones that Were neutral. 

[0052] Four general approaches might be used to improve 
hybridiZation of oligonucleotides to RNA targets. These 
include: preorganiZation of the sugars and phosphates of the 
oligodeoXynucleotide strand into conformations favorable 
for hybrid formation, improving stacking of nucleobases by 
the addition of polariZable groups to the heterocycle bases of 
the nucleotides of the oligonucleotide, increasing the num 
ber of H-bonds available for A—U pairing, and neutraliZa 
tion of backbone charge to facilitate removing undesirable 
repulsive interactions. We have found that by utiliZing the 
?rst of these, preorganiZation of the sugars and phosphates 
of the oligodeoXynucleotide strand into conformations 
favorable for hybrid formation, to be a preferred method to 
achieve improve binding af?nity. It can further be used in 
combination With the other three approaches. 

[0053] Sugars in DNAzRNA hybrid duplexes frequently 
adopt a C3‘ endo conformation. Thus modi?cations that shift 
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the conformational equilibrium of the sugar moieties in the 
single strand toWard this conformation should preorganiZe 
the antisense strand for binding to RNA. Of the several sugar 
modi?cations that have been reported and studied in the 
literature, the incorporation of electronegative substituents 
such as 2‘—?uoro or 2‘-alkoXy shift the sugar conformation 
toWards the 3‘ endo (northern) pucker conformation. This 
preorganiZes an oligonucleotide that incorporates such 
modi?cations to have an A-form conformational geometry. 
This A-form conformation results in increased binding affin 
ity of the oligonucleotide to a target RNA strand. 

[0054] As used herein, the terms “substituent” and “sub 
stituent group” refers to groups that are attached to nucleo 
sides of the invention. Substituent groups are preferably 
attached to selected sugar moieties but can alternatively be 
attached to selected heterocyclic base moieties. Selected 
nucleosides may have substituent groups at both the hetero 
cyclic base and the sugar moiety, hoWever a single substitu 
ent group is preferred at a sugar 2‘, 3‘ or 5‘-positions With the 
2‘-position being particularly preferred. 

[0055] Substituent groups include ?uoro, O-alkyl, O-alky 
lamino, O-alkylalkoXy, O-alkylaminoalkyl, O-alkyl imida 
Zole, and polyethers of the formula (O-alkyl)m, Where m is 
1 to about 10. Preferred among these polyethers are linear 
and cyclic polyethylene glycols (PEGs), and (PEG)-contain 
ing groups, such as croWn ethers and those Which are 
disclosed by Ouchi et al. (Drug Design and Discovery 1992, 
9, 93), Ravasio et al. (J. Org. Chem. 1991, 56, 4329) and 
Delgardo et. al. (Critical Reviews in Therapeutic Drug 
Carrier Systems 1992, 9, 249), each of Which is herein 
incorporated by reference in its entirety. Further sugar 
modi?cations are disclosed in Cook, P. D., Anti-Cancer 
Drug Design, 1991, 6, 585-607. Fluoro, O-alkyl, O-alky 
lamino, O-alkyl imidaZole, O-alkylaminoalkyl, and alkyl 
amino substitution is described in US. patent application 
Ser. No. 08/398,901, ?led Mar. 6, 1995, entitled Oligomeric 
Compounds having Pyrimidine Nucleotide(s) With 2‘ and 5‘ 
Substitutions, hereby incorporated by reference in its 
entirety. 

[0056] Additional substituent groups amenable to the 
present invention include —SR and —NR2 groups, Wherein 
each R is, independently, hydrogen, a protecting group or 
substituted or unsubstituted alkyl, alkenyl, or alkynyl. 2‘—SR 
nucleosides are disclosed in US. Pat. No. 5,670,633, issued 
Sep. 23, 1997, hereby incorporated by reference in its 
entirety. The incorporation of 2‘—SR monomer synthons are 
disclosed by Hamm et al., J. Org. Chem., 1997, 62, 3415 
3420. 2‘-NR2 nucleosides are disclosed by Goettingen, M.,J. 
Org. Chem., 1996, 61, 6273-6281; and Polushin et al., 
Tetrahedron Lett., 1996, 37, 3227-3230. 

[0057] Further representative substituent groups include 
hydrogen, hydroXyl, Cl-C2O alkyl, C2-C2O alkenyl, C2-C2O 
alkynyl, halogen, amino, thiol, keto, carboXyl, nitro, nitroso, 
nitrile, tri?uoromethyl, tri?uoromethoXy, O-alkyl, O-alk 
enyl, O-alkynyl, S-alkyl, S-alkenyl, S-alkynyl, NH-alkyl, 
NH-alkenyl, NH-alkynyl, N-dialkyl, O-aryl, S-aryl, NH 
aryl, O-aralkyl, S-aralkyl, NH-aralkyl, N-phthalimido, imi 
daZole, aZido, hydraZino, hydroXylamino, isocyanato, sul 
foXide, sulfone, sul?de, disul?de, silyl, aryl, heterocycle, 
carbocycle, intercalator, reporter molecule, conjugate, 
polyamine, polyamide, polyalkylene glycol, or polyether; 
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[0058] or each substituent group has one of formula I or II: 

| Z3 
Z 

Z4/ 2 

[0059] wherein: 

[0060] Z0 is O, S or NH; 

[0061] J is a single bond, O or C(=O); 

[0062] E is cl-c1O a1kyl,N(R1)(R2) , N (R1) (R5), N=C 
(R1) (R2), N=C(R1) (R5) or has one of formula III or IV; 

[0063] each R6, R7, R8, R9 and R10, is, independently, 
hydrogen, C(O)R11, substituted or unsubstituted C1-C1O 
alkyl, substituted or unsubstituted C2-C1O alkenyl, substi 
tuted or unsubstituted C2-C1O alkynyl, alkylsulfonyl, aryl 
sulfonyl, a chemical functional group or a conjugate group, 
Wherein the substituent groups are selected from hydroXyl, 
arnino, alkoXy, carboXy, benZyl, phenyl, nitro, thiol, thio 
alkoXy, halogen, alkyl, aryl, alkenyl and alkynyl; 

[0064] or optionally, R7 and R8, together form a phthal 
irnido moiety with the nitrogen atom to Which they are 
attached; 
[0065] or optionally, R9 and R10, together form a phthal 
irnido moiety with the nitrogen atom to Which they are 
attached; 
[0066] each R11, is, independently, substituted or unsub 
stituted C1-C1O alkyl, tri?uorornethyl, cyanoethyloXy, rneth 
oXy, ethoXy, t-butoXy, allyloXy, 9-?uorenylrnethoXy, 2-(tri 
rnethylsilyl)-ethoXy, 2,2,2-trichloroethoXy, benZyloXy, 
butyryl, iso-butyryl, phenyl or aryl; 

[0067] R5 is T-L, 
[0068] T is a bond or a linking rnoiety; 

[0069] L is a chemical functional group, a conjugate group 
or a solid support material; 
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[0070] each R1 and R2 is, independently, H, a nitrogen 
protecting group, substituted or unsubstituted C1-C1O alkyl, 
substituted or unsubstituted C2-C1O alkenyl, substituted or 
unsubstituted C2-C1O alkynyl, Wherein said substitution is 
OR3, SR3, NH3+, N(R3) (R4), guanidino or acyl Where said 
acyl is an acid arnide or an ester; 

[0071] or R1 and R2, together, are a nitrogen protecting 
group or are joined in a ring structure that optionally 
includes an additional heteroatorn selected from N and O; 

[0072] or R1, T and L, together, are a chemical functional 
group; 

[0073] each R3 and R4 is, independently, H, C1-C1O alkyl, 
a nitrogen protecting group, or R3 and R4, together, are a 
nitrogen protecting group; 

[0074] or R3 and R4 are joined in a ring structure that 
optionally includes an additional heteroatorn selected from 
N and O; 

[0075] Z4 is OX, SX, or N(X)2; 

[0076] each X is, independently, H, CjL-C8 alkyl, CjL-C8 
haloalkyl, C(=NH)N(H)R5, C(=O)N(H)R5 or 
OC(=O)N(H>RS; 
[0077] R5 is H or CjL-C8 alkyl; 

[0078] Z1, Z2 and Z3 comprise a ring system having from 
about 4 to about 7 carbon atoms or having from about 3 to 
about 6 carbon atoms and 1 or 2 hetero atorns Wherein said 
hetero atoms are selected from oxygen, nitrogen and sulfur 
and Wherein said ring system is aliphatic, unsaturated ali 
phatic, arornatic, or saturated or unsaturated heterocyclic; 

[0079] Z5 is alkyl or haloalkyl having 1 to about 10 carbon 
atoms, alkenyl having 2 to about 10 carbon atoms, alkynyl 
having 2 to about 10 carbon atoms, aryl having 6 to about 
14 carbon atoms, N(R1) (R2) OR1, halo, SR1 or CN; 

[0080] 

[0081] 

[0082] 

[0083] 

[0084] 

[0085] 
[0086] Representative substituents groups of Formula I 
are disclosed in US. patent application Ser. No. 09/130,973, 
?led Aug. 7, 1998, entitled “Capped 2‘-OXyethoXy Oligo 
nucleotides,” hereby incorporated by reference in its 
entirety. 

each q1 is, independently, an integer from 1 to 10; 

each q2 is, independently, 0 or 1; 

q3 is 0 or an integer from 1 to 10; 

q4 is an integer from 1 to 10; 

q5 is from 0, 1 or 2; and 

provided that When q3 is 0, q4 is greater than 1. 

[0087] Representative cyclic substituent groups of For 
rnula II are disclosed in US. patent application Ser. No. 
09/123,108, ?led Jul. 27, 1998, entitled “RNA Targeted 
2‘-Modi?ed Oligonucleotides that are Conforrnationally 
PreorganiZed,” hereby incorporated by reference in its 
entirety. 

[0088] Particularly preferred substituent groups include 
O[(CH2)nO]mCH3, O(CH2)n OCH3, O(CH2)nNH2, 
O(CH2)n,CH3, O(CH2)nONH2, and O(CH2)nON 
[(CH2)nCH3)]2, Where n and In are from 1 to about 10. 
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[0089] Some preferred oligomeric compounds of the 
invention contain, at least one nucleoside having one of the 
following substituent groups: C1 to C10 loWer alkyl, substi 
tuted loWer alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, 
SH, SCH3, OCN, Cl, Br, CN, CF3, OCF3, SOCH3, SO2CH3, 
ONO2, N02, N3, NH2, heterocycloalkyl, heterocycloalkaryl, 
aminoalkylamino, poly-alkylamino, substituted silyl, an 
RNA cleaving group, a reporter group, an intercalator, a 
group for improving the pharmacokinetic properties of an 
oligomeric compound, or a group for improving the phar 
macodynamic properties of an oligomeric compound, and 
other substituents having similar properties. A preferred 
modi?cation includes 2‘-methoxy-ethoxy [2‘-O 
CH2CH2OCH3, also knoWn as 2‘-O-(2-methoxyethyl) or 

2‘-MOE] (Martin et al., Helv. Chim. Acta, 1995, 78, 486), 
i.e., an alkoxyalkoxy group. Afurther preferred modi?cation 
is 2‘-dimethylaminooxyethoxy, i.e., a O(CH2)2ON(CH3)2 
group, also knoWn as 2‘-DMAOE. Representative aminooxy 
substituenZ groups are described in co-oWned US. patent 

application Ser. No. 09/344,260, ?led Jun. 25, 1999, entitled 
“Aminooxy-FunctionaliZed Oligomers”; and a US. patent 
application entitled “Aminooxy-FunctionaliZed Oligomers 
and Methods for Making Same,” ?led Aug. 9, 1999, pres 
ently identi?ed by attorney docket number ISIS-3993, 
hereby incorporated by reference in their entirety. 

[0090] Other preferred modi?cations include 2‘-methoxy 
(2‘-O-CH3), 2‘-aminopropoxy (2‘-OCH2CH2CH2NH2) and 
2‘-?uoro (2‘-F). Similar modi?cations may also be made at 
other positions on nucleosides and oligomers, particularly 
the 3‘ position of the sugar on the 3‘ terminal nucleoside or 
in 2‘-5‘ linked oligomers and the 5‘ position of 5‘ terminal 
nucleoside. Oligomers may also have sugar mimetics such 
as cyclobutyl moieties in place of the pentofuranosyl sugar. 
Representative US. patents patents that teach the prepara 
tion of such modi?ed sugars structures include, but are not 

limited to, US. Pat. Nos. 4,981,957; 5,118,800; 5,319,080; 
5,359,044; 5,393,878; 5,446,137; 5,466,786; 5,514,785; 
5,519,134; 5,567,811; 5,576,427; 5,591,722; 5,597,909; 
5,610,300; 5,627,0531 5,639,873; 5,646,265; 5,658,873; 
5,670,633; and 5,700,920, certain of Which are commonly 
oWned, and each of Which is herein incorporated by refer 
ence, and commonly oWned US. patent application Ser. No. 
08/468,037, ?led on Jun. 5, 1995, also herein incorporated 
by reference. 

[0091] Representative guanidino substituent groups that 
are shoWn in formula III and IV are disclosed in co-oWned 

US. patent application Ser. No. 09/349,040 entitled “Func 
tionaliZed Oligomers,” ?led Jul. 7, 1999, hereby incorpo 
rated by reference in its entirety. 

[0092] Representative acetamido substituent groups are 
disclosed in a US. patent application entitled “2‘-O-Aceta 
mido Modi?ed Monomers and Oligomers,” ?led Aug. 19, 
1999, presently identi?ed by attorney docket number ISIS 
4071, hereby incorporated by reference in its entirety. 

[0093] Representative dimethylaminoethyloxyethyl sub 
stituent groups are disclosed in an International Patent 

Application entitled “2‘-O—Dimethylaminoethyloxyethyl 
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Modi?ed Oligonucleotides,” ?led Aug. 6, 1999, presently 
identi?ed by attorney docket number ISIS-4045, hereby 
incorporated by reference in its entirety. 

[0094] Several 2‘-substituents confer a 3‘-endo pucker to 
the sugar Where they are incorporated. This pucker confor 
mation further assists in increasing the Tm of the oligo 
nucleotide With its target. 

[0095] The high binding affinity resulting from 2‘ substi 
tution has been partially attributed to the 2‘ substitution 

causing a C3‘ endo sugar pucker Which in turn may give the 
oligomer a favorable A-form like geometry. This is a rea 

sonable hypothesis since substitution at the 2‘ position by a 
variety of electronegative groups (such as ?uoro and O-alkyl 
chains) has been demonstrated to cause C3‘ endo sugar 

puckering (De Mesmaeker et al.,Acc. Chem . Res., 1995, 28, 
366-374; Lesnik et al., Biochemistry, 1993, 32, 7832-7838). 

[0096] 
ylene glycol motif, a gauche interaction betWeen the oxygen 

In addition, for 2‘-substituents containing an eth 

atoms around the O—C—C—O torsion of the side chain 

may have a stabiliZing effect on the duplex (Freier et 

al.,Nucleic Acids Research, (1997) 25:4429-4442). Such 
gauche interactions have been observed experimentally for 
a number of years (Wolfe et al.,Acc. Chem. Res., 1972, 5, 
102; Abe et al., J. Am. Chem. Soc., 1976, 98, 468). This 
gauche effect may result in a con?guration of the side chain 
that is favorable for duplex formation. The exact nature of 
this stabiliZing con?guration has not yet been explained. 
While We do not Want to be bound by theory, it may be that 
holding the O—C—C—O torsion in a single gauche con 
?guration, rather than a more random distribution seen in an 

alkyl side chain, provides an entrooic advantage for duplex 
formation. 

[0097] To better understand the higher RNA affinity of 
2‘-O-methoxyethyl substituted RNA and to examine the 
conformational properties of the 2‘-O-methoxyethyl sub 
stituent, a self-complementary dodecamer oligonucleotide 

[0098] 2‘-O-MOE r(CGCGAAUUCGCG) SEQ ID NO: 1 
Was synthesiZed, crystalliZed and its structure at a resolution 
of 1.7 AAngstrom Was determined. The crystalliZation con 
ditions used Were 2 mM oligonucleotide, 50 mM Na Hepes 
pH 6.2-7.5, 10.50 mM MgCl2, 15% PEG 400. The crystal 
data shoWed: space group C2, cell constants a=41.2 A, 
b=34.4 A, c=46.6 A, [3=92.4°. The resolution Was 1.7 A at 
—170° C. The current R=factor Was 20% (Rfree 26%). 

[0099] This crystal structure is believed to be the ?rst 
crystal structure of a fully modi?ed RNA oligonucleotide 
analogue. The duplex adopts an overall A-form conforma 
tion and all modi?ed sugars display C3‘-endo pucker. In 
most of the 2‘-O-substituents, the torsion angle around the 
A‘-B‘ bond, as depicted in Structure II beloW, of the ethylene 
glycol linker has a gauche conformation. For 2‘-O-MOE, A‘ 
and B‘ of Structure II beloW are methylene moieties of the 
ethyl portion of the MOE and R‘ is the methoxy portion. 
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[0100] In the crystal, the 2‘-O-MOE RNA duplex adopts a 
general orientation such that the crystallographic 2-fold 
rotation axis does not coincide With the molecular 2-fold 
rotation axis. The duplex adopts the expected A-type georn 
etry and all of the 24 2‘-O-MOE substituents Were visible in 
the electron density maps at full resolution. The electron 
density maps as Well as the temperature factors of substitu 
ent atorns indicate ?exibility of the 2‘-0-MOE substituent in 
some cases. 

[0101] Most of the 2‘-O-MOE substituents display a 
gauche conforrnation around the C—C bond of the ethyl 
linker. HoWever, in tWo cases, a trans conforrnation around 
the C—C bond is observed. The lattice interactions in the 
crystal include packing of duplexes against each other via 
their rninor grooves. Therefore, for some residues, the 
conformation of the 2‘-O-substituent is affected by contacts 
to an adjacent duplex. In general, variations in the confor 
rnation of the substituents (e.g. g+ or g- around the C—C 
bonds) create a range of interactions betWeen substituents, 
both inter-strand, across the minor groove, and intra-strand. 
At one location, atoms of substituents from two residues are 
in van der Waals contact across the minor groove. Similarly, 
a close contact occurs between atoms of substituents from 
two adjacent intra-strand residues. 

[0102] Previously deterrnined crystal structures of A-DNA 
duplexes Were for those that incorporated isolated 2‘-O 
rnethyl T residues. In the crystal structure noted above for 
the 2‘-O-MOE substituents, a conserved hydration pattern 
has been observed for the 2‘-O-MOE residues. A single 
water molecule is seen located betWeen O2‘, O3‘ and the 
rnethoxy oxygen atom of the substituent, forrning contacts to 
all three of betWeen 2.9 and 3.4 In addition, oxygen atoms 
of substituents are involved in several other hydrogen bond 
ing contacts. For example, the rnethoxy oxygen atom of a 
particular 2‘-O-substituent forms a hydrogen bond to N3 of 
an adenosine from the opposite strand via a bridging water 
molecule. 

[0103] In several cases a water molecule is trapped 
betWeen the oxygen atoms O2‘, O3‘ and OC‘ of modi?ed 
nucleosides. 2‘-O-MOE substituents With trans conforma 
tion around the C—C bond of the ethylene glycol linker are 
associated With close contacts betWeen OC‘ and N2 of a 
guanosine from the opposite strand, and, Water-rnediated, 
betWeen OC‘ and N3(G) . When combined With the available 
thermodynamic data for duplexes containing 2‘-O-MOE 
modi?ed strands, this crystal structure alloWs for further 
detailed structure-stability analysis of other antisense rnodi 
?cations. 

[0104] In extending the crystallographic structure studies, 
molecular modeling experiments were performed to study 
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further enhanced binding af?nity of oligonucleotides having 
2‘-O-rnodi?cations of the invention. The computer simula 
tions Were conducted on compounds of SEQ ID NO: 1, 
above, having 2‘-0-rnodi?cations of the invention located at 
each of the nucleoside of the oligonucleotide. The simula 
tions were performed With the oligonucleotide in aqueous 
solution using the AMBER force ?eld rnethod (Cornell et 
al., J. Am. Chem. Soc., 1995, 117, 5179-5197) (modeling 
software package from UCSF, San Francisco, Calif.) . The 
calculations were performed on an Indigo2 SGI rnachine 
(Silicon Graphics, Mountain VieW, Calif.). 
[0105] Further 2‘-O-rnodi?cations of the inventions 
include those having a ring structure that incorporates a tWo 
atorn portion corresponding to the A‘ and B‘ atoms of 
Structure II. The ring structure is attached at the 2‘ position 
of a sugar moiety of one or more nucleosides that are 
incorporated into an oligonucleotide. The 2‘-oxygen of the 
nucleoside links to a carbon atom corresponding to the A‘ 
atom of Structure II. These ring structures can be aliphatic, 
unsaturated aliphatic, arornatic or heterocyclic. A further 
atom of the ring (corresponding to the B‘ atom of Structure 
II), bears a further oxygen atom, or a sulfur or nitrogen atom. 
This oxygen, sulfur or nitrogen atom is bonded to one or 
more hydrogen atoms, alkyl rnoieties, or haloalkyl rnoieties, 
or is part of a further chernical rnoiety such as a ureido, 
carbarnate, arnide or arnidine moiety. The remainder of the 
ring structure restricts rotation about the bond joining these 
tWo ring atorns. This assists in positioning the “further 
oxygen, sulfur or nitrogen atom” (part of the R position as 
described above) such that the further atom can be located 
in close proximity to the 3‘-oxygen atom (03‘) of the 
nucleoside. 

[0106] The ring structure can be further rnodi?ed With a 
group useful for modifying the hydrophilic and hydrophobic 
properties of the ring to Which it is attached and thus the 
properties of an oligonucleotide that includes the 2‘-O 
rnodi?cations of the invention. Further groups can be 
selected as groups capable of assuming a charged structure, 
eg an amine. This is particularly useful in modifying the 
overall charge of an oligonucleotide that includes a 2‘-O 
rnodi?cations of the invention. When an oligonucleotide is 
linked by charged phosphate groups, eg phosphorothioate 
or phosphodiester linkages, location of a counter ion on the 
2‘-O-rnodi?cation, eg an amine functionality, locally natu 
raliZes the charge in the local environment of the nucleotide 
bearing the 2‘-O-rnodi?cation. Such neutraliZation of charge 
Will rnodulate uptake, cell localiZation and other pharrnaco 
kinetic and pharrnacodynarnic effects of the oligonucleotide. 

[0107] Preferred ring structures of the invention for inclu 
sion as a 2‘-O rnodi?cation include cyclohexyl, cyclopentyl 
and phenyl rings as Well as heterocyclic rings having spacial 
footprints similar to cyclohexyl, cyclopentyl and phenyl 
rings. Particularly preferred 2‘-O-substituent groups of the 
invention are listed beloW including an abbreviation for 
each: 

[0108] 2‘-O-(trans 2-rnethoxy cyclohexyl) - - - 2‘-O-(TM 

CHL) 
[0109] 2‘-O-(trans 2-rnethoxy cyclopentyl) - - - 2‘-O-(TM 

CPL) 
[0110] 2‘-O-(trans 2-ureido cyclohexyl) - - - 2‘-O 

(TUCHL) 
[0111] 2‘-O-(trans 2-rnethoxyphenyl) - - - 2‘-O-(2MP) 
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[0112] Structural details for duplexes incorporating such 
2-O-substituents Were analyzed using the described 
AMBER force ?eld program on the Indigo2 SGI machine. 
The simulated structure maintained a stable A-forrn georn 
etry throughout the duration of the simulation. The presence 
of the 2‘ substitutions locked the sugars in the C3‘-endo 
conforrnation. 

[0113] The simulation for the TMCHL rnodi?cation 
revealed that the 2‘-O-(TMCHL) side chains have a direct 
interaction With water molecules solvating the duplex. The 
oxygen atoms in the 2‘-O-(TMCHL) side chain are capable 
of forming a Water-rnediated interaction With the 3‘ oxygen 
of the phosphate backbone. The presence of the tWo oxygen 
atoms in the 2‘-O-(TMCHL) side chain gives rise to favor 
able gauche interactions. The barrier for rotation around the 
O—C—C—O torsion is made even larger by this novel 
rnodi?cation. The preferential preorganiZation in an A-type 
geornetry increases the binding affinity of the 2‘-O-(TM 
CHL) to the target RNA. The locked side chain conforma 
tion in the 2‘-O-(TMCHL) group created a more favorable 
pocket for binding water molecules. The presence of these 
water molecules played a key role in holding the side chains 
in the preferable gauche conforrnation. While not Wishing to 
be bound by theory, the bulk of the substituent, the diequa 
torial orientation of the substituents in the cyclohexane ring, 
the Water of hydration and the potential for trapping of metal 
ions in the conformation generated Will additionally con 
tribute to improved binding affinity and nuclease resistance 
of oligonucleotides incorporating nucleosides having this 
2‘-O-rnodi?cation. 

[0114] As described for the TMCHL rnodi?cation above, 
identical computer simulations of the 2‘-O-(TMCPL), the 
2‘-O-(2MP) and 2‘-O-(TUCHL) rnodi?ed oligonucleotides 
in aqueous solution also illustrate that stable A-forrn georn 
etry Will be maintained throughout the duration of the 
simulation. The presence of the 2‘ substitution Will lock the 
sugars in the C3‘-endo conformation and the side chains Will 
have direct interaction With water molecules solvating the 
duplex. The oxygen atoms in the respective side chains are 
capable of forming a Water-rnediated interaction With the 3‘ 
oxygen of the phosphate backbone. The presence of the tWo 
oxygen atoms in the respective side chains give rise to the 
favorable gauche interactions. The barrier for rotation 
around the respective O—C—C—O torsions Will be made 
even larger by respective rnodi?cation. The preferential 
preorganiZation in A-type geornetry Will increase the bind 
ing affinity of the respective 2‘-O-rnodi?ed oligonucleotides 
to the target RNA. The locked side chain conformation in the 
respective rnodi?cations Will create a more favorable pocket 
for binding water molecules. The presence of these water 
molecules plays a key role in holding the side chains in the 
preferable gauche conforrnation. The bulk of the substituent, 
the diequatorial orientation of the substituents in their 
respective rings, the Water of hydration and the potential 
trapping of metal ions in the conformation generated Will all 
contribute to improved binding affinity and nuclease resis 
tance of oligonucleotides incorporating nucleosides having 
these respective 2‘-O-rnodi?cation. 

[0115] Preferred for use as the B-forrn nucleotides for 
eliciting RNase H are ribonucleotides having 2‘-deoxy-2‘ 
S-rnethyl, 2‘-deoxy-2‘-rnethyl, 2‘-deoxy-2‘-arnino, 2‘-deoxy 
2‘-rnono or dialkyl substituted arnino, 2‘-deoxy-2‘-?uororn 
ethyl, 2‘-deoxy-2‘-di?uorornethyl, 2‘-deoxy-2‘ 
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tri?uorornethyl, 2‘-deoxy-2‘-rnethylene, 2‘-deoxy-2‘ 
?uorornethylene, 2‘-deoxy-2‘-di?uorornethylene, 2‘-deoxy 
2‘-ethyl, 2‘-deoxy-2‘-ethylene and 2‘-deoxy-2‘-acetylene. 
These nucleotides can alternately be described as 2‘-SCH3 
ribonucleotide, 2‘-CH3 ribonucleotide, 2‘-NH2 ribonucle 
otide 2‘-NH(C1-C2 alkyl) ribonucleotide, 2‘-N(C1-C2 alkyl)2 
ribonucleotide, 2‘-CH2F ribonucleotide, 2‘-CHF1 ribonucle 
otide, 2‘-CF3 ribonucleotide, 2‘=CH2 r4bonucleotide, 
2‘=CHF ribonucleotide, 2‘=CF2 ribonucleotide, 2‘-C2H3 
ribonucleotide, 2‘-CH=CH2 ribonucleotLde, 2‘-CECH ribo 
nucleotide. A further useful ribonucleotide is one having a 
ring located on the ribose ring in a cage-like structure 
including 3‘,O,4‘-C-rnethyleneribonucleotides. Such cage 
like structures Will physically ?x the ribose ring in the 
desired conforrnation. 

[0116] Additionally, preferred for use as the B-forrn nucle 
otides for eliciting RNase H are arabino nucleotides having 
2‘-deoxy-2‘-cyano, 2‘-deoxy-2‘-?uoro, 2‘-deoxy-2‘-chloro, 
2‘-deoxy-2‘-brorno, 2‘-deoxy-2‘-aZido, 2‘-rnethoxy and the 
unrnodi?ed arabino nucleotide (that includes a 2‘-OH pro 
jecting upWards toWards the base of the nucleotide) . These 
arabino nucleotides can alternately be described as 2‘-CN 
arabino nucleotide, 2‘-F arabino nucleotide, 2‘-Cl arabino 
nucleotide, 2‘-Br arabino nucleotide, 2‘-N3 arabino nucle 
otide, 2‘-O-CH3 arabino nucleotide and arabino nucleotide. 

[0117] Such nucleotides are linked together via phospho 
rothioate, phosphorodithioate, boranophosphate or phos 
phodiester linkages. particularly preferred is the phospho 
rothioate linkage. 

[0118] Illustrative of the B-forrn nucleotides for use in the 
invention is a 2‘-S-rnethyl (2‘-SMe) nucleotide that resides in 
C2‘ endo conforrnation. It can be compared to 2‘-O-rnethyl 
(2‘-OMe)nucleotides that resides in a C3‘ endo conforma 
tion. Particularly suitable for use in comparing these tWo 
nucleotides are rnolecular dynarnic investigations using a 
SGI [Silicon Graphics, Mountain VieW, Calif.] computer and 
the AMBER [UCSF, San Francisco, Calif.] rnodeling soft 
Ware package for computer simulations. 

[0119] Ribose conformations in C2‘-rnodi?ed nucleosides 
containing S-rnethyl groups were examined. To understand 
the in?uence of 2‘-O-rnethyl and 2‘-S-rnethyl groups on e 
conformation of nucleosides, We evaluated the relative ener 
gies of the 2‘-O- and 2‘-S-rnethylguancsine, along with 
normal deoxyguanosine and riboguanosine, starting from 
both C2‘-endo and C3‘-endo conforrnations using ab initio 
quantum mechanical calculations. All the structures Were 
fully optirniZed at HF/6-31G* level and single point energies 
With electron-correlation Were obtained at the MP%-31G*// 
HF/6-31G* level. As shoWn in Table 1, the C2‘-endo con 
formation of deoxyguanosine is estimated to be 0.6 kcal/rnol 
more stable than the C3‘-endo conformation in the gas 
phase. The conforrnational preference of the C2‘-endo over 
the C3‘-endo conforrnation appears to be less dependent 
upon electron correlation as revealed by the MP%-31G*// 
HF/6-31G* values Which also predict the same difference in 
energy. The opposite trend is noted for riboguanosine. At the 
HF/6-31G* and MP2/6-31G*//HF/6-31G* levels, the C3‘ 
endo form of riboguanosine is shoWn to be about 0.65 and 
1.41 kcal/rnol more stable than the C2‘endo forrn, respec 
tively. 
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TABLE 1 

Relative energies" of the C3'—endo and C2'—endo 
conformations of representative nucleosides. 

CONTINUUM 
HF/6-31G MP2/6-31-G MODEL AMBER 

dG 0.60 0.56 0.88 0.65 
rG —0.65 —1.41 —0.28 —2.09 
2'—O—MeG —0.89 —1.79 —0.36 —0.86 
2'—S—MeG 2.55 1.41 3.16 2.43 

*energies are in kcal/mol relative to the C2'—endo conformation 

[0120] Table 1 also includes the relative energies of 2‘-O 
methylguanosine and 2‘-S-methylguanosine in C2‘-endo and 
C3‘-endo conformation. This data indicates the electronic 
nature of C2‘-substitution has a signi?cant impact on the 
relative stability of these conformations. Substitution of the 
2‘-O-methyl group increases the preference for the C3‘-endo 
conformation (When compared to riboguanosine) by about 
0.4 kcal/mol at both the HF/6-31G* and MP%-31G*//HF/ 
6-31G* levels. In contrast, the 2‘-S-methyl group reverses 
the trend. The C2‘-endo conformation is favored by about 
2.6 kcal/mol at the HF/6-31G* level, While the same differ 
ence is reduced to 1.41 kcal/mol at the MP%-31G*//HF/6 
31G* level. For comparison, and also to evaluate the accu 
racy of the molecular mechanical force-?eld parameters 
used for the 2‘-O-methyl and 2‘-S-methyl substituted nucleo 
sides, We have calculated the gas phase energies of the 
nucleosides. The results reported in Table 1 indicate that the 
calculated relative energies of these nucleosides compare 
qualitatively Well With the ab initio calculations. 

[0121] Additional calculations Were also performed to 
gauge the effect of salvation on the relative stability of 
nucleoside conformations. The estimated salvation effect 
using HF/6-31G* geometries con?rms that the relative ener 
getic preference of the four nucleosides in the gas-phase is 
maintained in the aqueous phase as Well (Table 1). Solvation 
effects Were also examined using molecular dynamics simu 
lations of the nucleosides in explicit Water. From these 
trajectories, one can observe the predominance of C2‘-endo 
conformation for deoxyriboguanosine and 2‘-S-methylri 
boguanosine While riboguanosine and 2‘-O-methylribogua 
nosine prefer the C3‘ -endo conformation. These results are 
in much accord With the available NMR results on 2‘-S 

methylribonucleosides. NMR studies of sugar puckering 
equilibrium using vicinal spin-coupling constants have indi 
cated that the conformation of the sugar ring in 2‘-S 
methylpyrimidine nucleosides shoW an average of >75% 
S-character, Whereas the corresponding purine analogs 
exhibit an average of >90% S-pucker [Fraser, A., Wheeler, 
P., Cook, P. D. and Sanghvi, Y. S., J. Heterocycl. Chem, 
1993, 30, 1277-1287]. It Was observed that the 2‘-S-methyl 
substitution in deoxynucleoside confers more conforma 
tional rigidity to the sugar conformation When compared 
With deoxyribonucleosides. 

[0122] Structural features of DNAzRNA, OMe_D 
NAzRNA and SMe_DNA:RNA hybrids Were also observed. 
The average RMS deviation of the DNA;RNA structure 
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from the starting hybrid coordinates indicate the structure is 
stabilized over the length of the simulation With an approxi 
mate average RMS deviation of 1.0 This deviation is due, 
in part, to inherent differences in averaged structures (i.e. the 
starting conformation) and structures at thermal equilibrium. 
The changes in sugar pucker conformation for three of the 
central base pairs of this hybrid are in good agreement With 
the observations made in previous NMR studies. The sugars 
in the RNA strand maintain very stable geometries in the 
C3‘-endo conformation With ring pucker values near 0°. In 
contrast, the sugars of the DNA strand shoW signi?cant 
variability. 

[0123] The average RMS deviation of the OMe_D 
NAzRNA is approximately 1.2 A from the starting A-form 
conformation; While the SMe_DNA:RNA shoWs a slightly 
higher deviation (approximately 1.8 from the starting 
hybrid conformation. The SMe_DNA strand also shoWs a 
greater variance in RMS deviation, suggesting the S-methyl 
group may induce some structural ?uctuations. The sugar 
puckers of the RNA complements maintain C3‘-endo puck 
ering throughout the simulation. As expected from the 
nucleoside calculations, hoWever, signi?cant differences are 
noted in the puckering of the OMe_DNA and SMe_DNA 
strands, With the former adopting C3‘-endo, and the latter, 
C1‘-exo/C2‘-endo conformations. 

[0124] An analysis of the helicoidal parameters for all 
three hybrid structures has also been performed to further 
characterize the duplex conformation. Three of the more 
important axis-basepair parameters that distinguish the dif 
ferent forms of the duplexes, X-displacement, propeller 
tWist, and inclination, are reported in Table 2. Usually, an 
X-displacement near Zero represents a B-form duplex; While 
a negative displacement, Which is a direct measure of 
deviation of the helix from the helical axis, makes the 
structure appear more A-like in conformation. In A-form 

duplexes, these values typically vary from —4 A to —5 In 
comparing these values for all three hybrids, the SMe_D 
NA:RNA hybrid shoWs the most deviation from the A-form 

value, the OMe_DNAzRNA shoWs the least, and the 
DNA;RNA is intermediate. A similar trend is also evident 
When comparing the inclination and propeller tWist values 
With ideal A-form parameters. These results are further 
supported by an analysis of the backbone and glycosidic 
torsion angles of the hybrid structures. Glycosidic angles 
(X) of A-form geometries, for example, are typically near 
—159° While B form values are near —102°. These angles are 

found to be —162°, —133°, and —108° for the OMe_DNA, 
DNA, and SMe_DNA strands, respectively. All RNA 
complements adopt an X angle close to —160°. In addition, 
“crankshaft” transitions Were also noted in the backbone 
torsions of the central UpU steps of the RNA strand in the 
SMe_DNA:RNA and DNA;RNA hybrids. Such transitions 
suggest some local conformational changes may occur to 
relieve a less favorable global conformation. Taken overall, 
the results indicate the amount of A character decreases as 

OMe_DNA:RNA>DNA:RNA>SMe_DNA:RNA, With the 
latter tWo adopting more intermediate conformations When 
compared to A- and B-form geometries. 
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TABLE 2 

Average helical parameters derived from 
the last 500 ps of simulation time. 

(canonical A-and B-form values are given for comparison) 
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thyl group points into the minor groove while the S-methyl 
is directed away towards the major groove. Essentially, the 
S-methyl group has ?ipped through the bases into the major 
groove as a consequence of C2‘-endo puckering. 

TABLE 3 
OMei SMeL 

Helicoidal B-DNA B-DNA A-DNA DNA: DNA: DNA: Minor groove widths averaged 
Parameter (x-ray) (?bre) (?bre) RNA RNA RNA over the last 500 Ps of simulation time 

X-disp 1.2 0.0 —5.3 —4.5 —5.4 —3.5 ()Mei SMei 
Inclination —2-3 1-5 20-7 11-6 15-1 0-7 Phosphate DNA: DNA: DNA: DNA:RNA RNA:RNA 
Propeller —16.4 —13.3 —7.5 —12.7 —15.8 —10.3 Distance RNA RNA RNA (B_form) (A_form) 

P5-220 15.27 16.82 13.73 14.19 17.32 

[0125] Stability of C2‘-modi?ed DNAzRNA hybrids was P9219 15-52 16-79 15-73 12“ 1712 
d t ' d Althou hthe overall stabilit of the DNA-RNA W218 15'” 16"“) “'08 “'10 “'60 
eerfmne ~ g _y _ ~ P8-217 15.07 16.12 14.00 10.98 16.14 

hybrids depends on several factors including sequence- P9216 1529 1625 1498 1165 16.93 
dependencies and the purine content in the DNA or RNA P10-215 15-37 16-57 13-92 14.05 17.69 
strands DNAzRNA hybrids are usually less stable than 
RNAzRNA duplexes and, in some cases, even less stable 
than DNAzDNA duplexes. Available experimental data [0127] In addition to the modi?cations described above, 
attributes the relatively lowered stability of DNAzRNA 
hybrids largely to its intermediate conformational nature 
between DNAzDNA (B-family) and RNAzRNA (A-family) 
duplexes. The overall thermodynamic stability of nucleic 
acid duplexes may originate from several factors including 
the conformation of backbone, base-pairing and stacking 
interactions. While it is dif?cult to ascertain the individual 
thermodynamic contributions to the overall stabilization of 
the duplex, it is reasonable to argue that the major factors 
that promote increased stability of hybrid duplexes are better 
stacking interactions (electrostatic n-n_interactions) and 
more favorable groove dimensions for hydration. The C2‘ 
S-methyl substitution has been shown to destabilize the 
hybrid duplex. The notable differences in the rise values 
among the three hybrids may offer some explanation. While 
the 2‘-S-methyl group has a strong in?uence on decreasing 
the base-stacking through high rise values (~3.2 A), the 
2‘-O-methyl group makes the overall structure more com 
pact with a rise value that is equal to that of A-form duplexes 
(-2.6 Despite its overall A-like structural features, the 
SMe_DNA:RNA hybrid structure possesses an average rise 
value of 3.2 A which is quite close to that of B-family 
duplexes. In fact, some local base-steps (CG steps) may be 
observed to have unusually high rise values (as high as 4.5 
A) . Thus, the greater destabilization of 2‘-S-methyl substi 
tuted DNAzRNA hybrids may be partly attributed to poor 
stacking interactions. 
[0126] It has been postulated that RNase H binds to the 
minor groove of RNAzDNA hybrid complexes, requiring an 
intermediate minor groove width between ideal A- and 
B-form geometries to optimize interactions between the 
sugar phosphate backbone atoms and RNase H. A close 
inspection of the averaged structures for the hybrid duplexes 
using computer simulations reveals signi?cant variation in 
the minor groove width dimensions as shown in Table 3. 
Whereas the O-methyl substitution leads to a slight expan 
sion of the minor groove width when compared to the 
standard DNAzRNA complex, the S-methyl substitution 
leads to a general contraction (approximately 0.9 These 
changes are most likely due to the preferred sugar puckering 
noted for the antisense strands which induce either A- or 
B-like single strand conformations. In addition to minor 
groove variations, the results also point to potential differ 
ences in the steric makeup of the minor groove. The O-me 

the nucleotides of the oligonucleotides of the invention can 
have a variety of other modi?cation so long as these other 
modi?cations do not signi?cantly detract from the properties 
described above. Thus, for nucleotides that are incorporated 
into oligonucleotides of the invention, these nucleotides can 
have sugar portions that correspond to naturally-occurring 
sugars or modi?ed sugars. Representative modi?ed sugars 
include carbocyclic or acyclic sugars, sugars having sub 
stituent groups at their 2‘ position, sugars having substituent 
groups at their 3‘ position, and sugars having substituents in 
place of one or more hydrogen atoms of the sugar. Other 
altered base moieties and altered sugar moieties are dis 
closed in US. Pat. No. 3,687,808 and PCT application 
PCT/US89/02323. 

[0128] Altered base moieties or altered sugar moieties also 
include other modi?cations consistent with the spirit of this 
invention. Such oligonucleotides are best described as being 
structurally distinguishable from, yet functionally inter 
changeable with, naturally occurring or synthetic wild type 
oligonucleotides. All such oligonucleotides are compre 
hended by this invention so long as they function effectively 
to mimic the structure of a desired RNA or DNA strand. A 
class of representative base modi?cations include tricyclic 
cytosine analog, termed “G clamp” (Lin, et al.,]. Am. Chem. 
Soc. 1998, 120, 8531). This analog makes four hydrogen 
bonds to a complementary guanine (G) within a helix by 
simultaneously recognizing the Watson-Crick and Hoogs 
teen faces of the targeted G. This G clamp modi?cation 
when incorporated into phosphorothioate oligonucleotides, 
dramatically enhances antisense potencies in cell culture. 
The oligonucleotides of the invention also can include 
phenoxazine-substituted bases of the type disclosed by 
Flanagan, et al., Nat. Biotechnol. 1999, 17(1), 48-52. 

[0129] Additional modi?cations may also be made at other 
positions on the oligonucleotide, particularly the 3‘ position 
of the sugar on the 3‘ terminal nucleotide and the 5‘ position 
of 5‘ terminal nucleotide. For example, one additional modi 
?cation of the oligonucleotides of the invention involves 
chemically linking to the oligonucleotide one or more moi 
eties or conjugates which enhance the activity, cellular 
distribution or cellular uptake of the oligonucleotide. Such 
moieties include but are not limited to lipid moieties such as 
a cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci. 
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USA, 1989, 86, 6553), cholic acid (Manoharan et al., Bioorg. 
Med. Chem. Lett., 1994, 4, 1053), a thioether, e.g., hexyl 
S-tritylthiol (Manoharan et al., Ann. NY Acad. Sci, 1992, 
660, 306; Manoharan et al., Bioorg. Med. Chem. Let., 1993, 
3, 2765), 21 thiocholesterol (Oberhauser et 211., Nucl. Acids 
Res., 1992, 20, 533), an aliphatic chain, e.g., dodecandiol or 
undecyl residues (Saison-Behmoaras et al., EMBO J ., 1991, 
10, 111; Kabanov et al., FEBS Lett., 1990, 259, 327; 
Svinarchuk et al., Biochimie, 1993, 75, 49), a phospholipid, 
e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-di 
O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et 
al., Tetrahedron Lett., 1995, 36, 3651; Shea et al., Nucl. 
Acids Res., 1990, 18, 3777), a polyamine or a polyethylene 
glycol chain (Manoharan et al., Nucleosides & Nucleotides, 
1995, 14, 969), or adamantane acetic acid (Manoharan et al., 
Tetrahedron Lett., 1995, 36, 3651), a palmityl moiety 
(Mishra et al., Biochim. Biophys. Acta, 1995, 1264, 229), or 
an octadecylamine or hexylamino-carbonyl-oxycholesterol 
moiety (Crooke et al., J. Pharmacol. Exp. T her., 1996, 277, 
923). 
[0130] Human RNase H1 displays a strong positional 
preference for cleavage, i.e., it cleaves betWeen 8-12 nucle 
otides from the 5‘-RNA:3‘-DNA terminus of the duplex. 
Within the preferred cleavage site, the enZyme displays 
modest sequence preference With GU being a preferred 
dinucleotide. The minimum RNAzDNA duplex length that 
supports cleavage is 6-base pairs and the minimum 
RNA:DNA“gap siZe” that supports cleavage is 5 -base pairs. 

[0131] Properties of puri?ed Human RNase H1 

[0132] The effects of various reaction conditions on the 
activity of Human RNase H1 Were evaluated (FIG. 1). The 
optimal pH for the enZyme in both Tris HCl and phosphate 
buffers Was 7.0-8.0. At pH’s above pH8.0, enZyme activity 
Was reduced. HoWever, this could be due to instability of the 
substrate or effects on the enZyme, or both. To evaluate the 
potential contribution of changes in ionic strength to the 
activities observed at different pHs, tWo buffers, NaHPO4 
and Tris HCl Were studied at pH 7.0 and gave the same 
enZyme activity even though the ionic strengths differed. 
EnZyme activity Was inhibited by increasing ionic strength 
(FIG. 1B) and N-ethymaleamide (FIG. 1C). EnZyme activ 
ity increased as the temperature Was raised from 25-42° C. 
(FIG. 1D). Mg2+ stimulated enZyme activity With an opti 
mal concentration of 1 mM. At higher concentrations, Mg2+ 
Was inhibitory (FIG. 1E). In the presence of 1 mM Mg“, 
Mn2+ Was inhibitory at all concentrations tested (FIG. 1F). 
The puri?ed enZyme Was quite stable and easily handled. In 
fact, the enZyme could be boiled and rapidly or sloWly 
cooled Without signi?cant loss of activity (FIG. 1D). The 
initial rates of cleavage Were determined for four duplex 
substrates studied simultaneously. The initial rate of cleav 
age for a phosphodiester DNAzRNA duplex Was 10501203 
pmol L_1min_1 (Table 4A). The initial rate of cleavage of a 
phosphorothioate oligodeoxynucleotide duplex Was 
approximately four-fold faster than that of the same duplex 
comprised of a phosphodiester antisense oligodeoxynucle 
otide (Table 4A) . The initial rates for 17-mer and 20-mer 
substrates of different sequences Were equal (Table 4B) . 
HoWever, When a 25-mer heteroduplex, containing the 
17-mer sequence in the center of the duplex Was digested 
(RNA 3), the rate Was 50% faster. Interestingly, the Km of 
the enZyme for the 25 mer duplex Was 40% loWer than that 
for the 17 mer While the Vmax’s for both duplexes Were the 
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same (see Table 6), suggesting that With the increase in 
length, a larger number of cleavage sites are available 
resulting in an increase in the number of productive binding 
interactions betWeen the enZyme and substrate. As a result, 
a loWer substrate concentration is required for the longer 
duplex to achieve a cleavage rate equal to that of the shorter 
duplex. 
[0133] To better characteriZe the substrate speci?city of 
Human RNase H1, duplexes in Which the antisense oligo 
nucleotide Was modi?ed in the 2‘-position Were studied. As 
previously reported for E. coli RNase H1, Human RNase H1 
Was unable to cleave substrates With 2‘-modi?cations at the 
cleavage site of the antisense DNA strand or the sense RNA 
strand (Table 5). For example, the initial rate of cleavage of 
a duplex containing a phosphorothioate oligodeoxynucle 
otide and its complement Was 3400 pmol L_1min_1 While 
that of its 2‘-propoxy modi?ed analog Was undetectable 
(Table 5). A duplex comprised of a fully modi?ed 2‘-meth 
oxy antisense strand also failed to support any cleavage 
(Table 5). The placement 0: 2‘-methoxy modi?cations 
around a central region of oligodeoxynucleotides reduced 
the initial rate (Table 5). The smaller the central oligode 
oxynucleotide “gap” the loWer the initial rate. The smallest 
“gapmer” for Which cleavage could be measured Was a 5 
deoxynucleotide gap. These data are highly consistent With 
observations We have previously reported for E. coli RNase 
H1 except that for the bacterial enZyme the minimum gap 
siZe Was 4 deoxynucleotides. 

[0134] The Km and Vmax of Human RNase H1 for three 
substrates are shoWn in Table 6. The Km valves for all three 
substrates Were substantially loWer than those of E. coli 
RNase H1 (Table 6). As previously reported for E. coli 
RNase H1, the Km for a phosphorothioate containing duplex 
Was loWer than that of a phosphodiester duplex. The Vmax 
of the human enZyme Was 30 fold loWer than that of the E. 
coli enZyme. The Vmax for the phosphorothioate containing 
substrate Was less than the phosphodiester duplex. This is 
probably due to inhibition of the enZyme at higher concen 
trations by excess phosphorothioate single strand oligo 
nucleotide as the initial rate of cleavage for a phosphorothio 
ate containing duplex Was, in fact, greater than the 
phosphodiester (Table 4) 
[0135] Binding af?nity and speci?city 

[0136] To evaluate the binding affinity of Human RNase 
H1, a competitive cleavage assay in Which increasing con 
centrations of noncleavable substrates Were added Was used. 
Using this approach, the Ki is formally equivalent to the Kd 
for the competing substrates. Of the noncleavable substrates 
studied, LineWeaver-Burk analyses demonstrated that all 
inhibitors shoWn in Table 7 Were competitive (data not 
shoWn). A duplex containing a phosphodiester oligodeoxy 
nucleotide hybridiZed to a phosphodiester 2‘-methoxy oli 
gonucleotide as the noncleavable substrate is considered 
most like DNAzRNA. Table 7 shoWs the results of these 
studies and compares them to previously reported results for 
the E. coli enZyme performed under similar conditions. 
Clearly, the af?nity of the human enZyme for its DNAzRNA 
like substrate (DNA: 2‘-O-Me) Was substantially greater than 
that of the E. coli enZyme, consistent With the differences 
observed in Km (Table 6). 

[0137] E. coli RNase H1 displays approximately equal 
af?nity for RNAzRNA, RNA:2‘-O-Me and DNA:2‘-O-Me 










































































