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CHAPTERR 5 

THEE EFFECT OF LOCKE D NUCLEI C ACIDS 

ONN ANTISENSE PHOSPHOROTHIOAT E 

OLIGONUCLEOTIDE S S 

Anneloorr  L.M.A . ten Asbroek, Kees Fluiter , Joost van Wijk , Henrik F. Hansen, 

Margi tt  Wissenbach, and Frank Baas 

ABSTRACT T 

Antisensee phosphorothioate oligonucleotides (PS-ODNs) can be used to degrade the mRNA of 
thee large subunit of RNA polymerase II in a sequence-specific way. Attempts to increase the 
selectivityy for a single base change in the target was hampered by insufficient efficacy of the 
smallerr ODNs, which were required to obtain allele-specificity. We have now exploited the use 
off  a high-affinity DNA analog, locked nucleic acid (LNA). A fully LNA-modified ODN does 
nott recruit RNase H activity, while chimeric ODNs comprised of a PS center and LNA flanks 
resultt in RNase H-mediated cleavage of the target mRNA. The chimeric ODNs containing an 8-
basee PS center provide an efficacy that is superior over the unmodified ODNs. Apparentiy 
dependentt on the target sequence, can a 6-base PS center be sufficient to support RNase H 
activityy as well. The PS center provides a small cleavable window in which the single base 
mismatchh can be positioned. This did not result in improved allele-specificity, however. To 
increasee the allelic discrimination, further optimization of the ODN design is required. 
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INTRODUCTIO N N 

Manyy reports have demonstrated the successful use of antisense oligonucleotides (ODNs) to 

knockk out and inhibit gene expression "'2). After binding to the target RNA, antisense ODNs 

mayy enhance the rate of degradation of the mRNA, a process which is mediated by RNase H 

cleavagee of the RNA moiety in the RNA/ODN heteroduplex. Alternatively, the ODN may 

disruptt the metabolic processes that result in effective utilization of the mature RNA. The 

regularr phosphodiester (PO) DNA structures are readily degraded by cellular endo- and 

exonucleolyticc activities. The widely used phosphorothioate (PS) modified ODNs are less 

sensitivee to nucleases, although they will degrade in cells over time ( \ PS-ODNs are known 

too display non-antisense side effects as well, mainly due to their polyanionic nature. Most 

non-sequence-dependentt effects are attributable to charge interactions between the PS-ODNs 

andd various cellular proteins (4). Furthermore, the incorporation of each PS nucleotide 

generatess a chiral center, which results in a decreased Tm (duplex melting temperature) of PS-

ODNss with their targets mRNAs relative to those of PO-ODNs (5). 

Otherr nucleotide modifications are known that provide better stability and less toxicity than 

thee phosphorothioate modification (6). Particularly chemical modifications of the 2'-ribose 

positionn increase the duplex stability and the nuclease resistance of the ODN. However, 

whereass PS-ODNs support RNase H-mediated degradation of the duplexed mRNA  (7), the 2'-

alkyll  ribonucleotides do not (8). This disadvantage has been overcome by combining the 

beneficiall  characteristics of both modification types in chimeric ODNs. These mixed-

backbonee or gap-mer ODNs contain a center of four to eight PS bases that allow RNase H-

mediatedd cleavage of the duplex, flanked by wings of 2'-alkyl-modified nucleotides to 

providee increased stability and affinity (3'8). The chimeric ODNs displayed greater antisense 

potenciess in inhibiting target gene expression compared with the unmodified uniform PS-

ODNs.. Furthermore, a series of different 2'-modifications revealed that the antisense potency 

correlatedd directly with the affinity of a given 2'-modification for its complementary RNA  ( '. 

Inn previous studies we have tested the feasibility of allele-specific targeting of single 

nucleotidee polymorphisms in essential genes by antisense ODNs, in order to obtain a widely 

applicablee tumor-specific anti-cancer therapy ( ' \ Whereas 20-mer PS-ODNs provided good 

antisensee potency but lacked specificity, smaller PS-ODNs provided more allele-specificity 

butt at the cost of reduced potency. In addition, the inhibitory effect obtained after a single-

dosee PS-ODN treatment in cultured cells did not sustain long enough to result in sufficiently 

reducedd protein levels. This suggested the need for modified ODNs that would increase the 

affinityy as well as the stability of the formed duplex, to allow the use of smaller molecules 

thatt could provide maximum allelic-specificity. In the present study we examine the effect of 

chimericc ODNs on allele-specific inhibition of target mRNA, using locked nucleic acids. 
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Lockedd Nucleic Acid (LNA) nucleotides contain a methylene bridge that connects the 2'-

oxygenn of ribose with the 4'-carbon. LNA bases are linked by the same phosphate backbone 

foundd in DNA or RNA. The bicyclic ribose structure is locked in a 3'-endo conformation, 

whichh mimics a standard RNA monomer ( ' ' ' . LNA contains a very high helical thermal 

stabilityy when hybridized to either complementary DNA or RNA without reduced sequence 

selectivity.. This leads to increased Tm of up to 9 °C per LNA nucleotide compared to 

unmodifiedd duplexes. As more LNA bases are incorporated, however, the increase per LNA 

basee declines. The LNA nucleotide introduces a change in the structure of the duplex DNA 

strandd towards an A-type "2). This is a local effect, since only the LNA residues plus the 

nucleotidess flanking the modification are affected. When LNAs are used in antisense ODNs, 

however,, this might impair the ability for RNase H cleavage of the duplex. The recognition 

byy RNase H of an exact minor groove width in the duplex, intermediate between that of 

DNA-DNAA (B-type) and RNA-RNA (A-type) is thought to be required for enzymatic binding 

and/orr activity "3). 

RESULTS S 
Cellularr  distributio n 

Thee various ODNs, which are directed against the mRNAs that encode the replication protein 

70-kDaa subunit (RPAI) or the 220-kDa subunit of RNA polymerase II (POLR2A), are 

depictedd in Figure 1. 

POLR2APOLR2A ODNs (5' to3): 
Curr 217 TCGCcgtagcgcAGCT 
Curr 218 TCGCCgtagcgCAGCT 
Curr 219 TCGCCGTAGCGCAGCT 
Curr 220 TCGCcatagcgcAGCT 
Curr 221 TCGCCatagcgCAGCT 
Curr 222 TCGCCATAGCGCAGCT 
PS16(#C/#T)) t c g c c g / a t a g c g c a g ct 
PS200 (#C/#T) t c g c c g / a t a g c g c a g c t g c ac 

RPAIRPAI ODNs (5' to 3'): 
Curr 237 TGGTCtgcagtTAGGG 
Curr 238 TGGTCTGCAGTTAGGG 
PSS 16a t g g t c t g c a g t t a g gg 
PSS 16b c t g c a g t t a g g g t c ag 
PS200 t g g t c t g c a g t t a g g g t c ag 

Figuree 1: Antisense oligonucleotide sequences 
LNAA residues, which contain a PO backbone, are given in capitals. DNA residues, which 
containn a PS backbone, are given in lower case. The polymorphic residue in the POLR2A 
ODNss is given in bold. 

92 2 



Figuree 2: Fluorescence microscopy with the ODNs against RPA1 and POLR2A 
Thee subcellular distribution of the full PS and full LNA ODNs is shown. A, PS16a (RPA1). 
B,, PS20 #T (POLR2A). CD, Cur 238 (RPA1). E-F, Cur 219 (POLR2A). A,B,D,F: 20 hr 
post-transfection,, and C,E: 0 hr post-transfection. 

FITC-labeledd ODNs were used to assay the subcellular distribution of the various modified 

ODNss (Figure 2). Most of the staining of the PS-ODNs was detected as nuclear fluorescence 

thatt appeared as bright spherical structures in a diffuse nucleoplasm̂ background that is 

excludedd from the nucleoli, as well as some cytoplasmic staining in bright punctate 

structures.. The distribution pattern was similar for a 16-mer PS-ODN directed against RPA1 

(PSS 16a) and a 20-mer PS-ODN (PS20 #C and #T) against POLR2A (shown in Figure 2A and 

2B).. Furthermore, this PS-ODN staining was similar when assayed immediately following 

thee 5-hr transfection (i.e. 0 hr posttransfection) or at 20 hr posttransfection (data not shown). 

Thee full LNA ODN directed against RPA1 (Cur 238), when assayed immediately after 

transfection,, showed diffuse nuclear staining plus cytoplasmic staining in punctate structures, 

ass depicted in Figure 2C. The bright nuclear structures that were observed with the PS-ODNs 

weree not detected. However, when assayed 20 hr later, Cur 238 was found diffusely spread 

alll  over the cell without any apparent accumulation sites (Figure 2D). The analogous ODN 

containingg a center of 6 PS bases (Cur 237) showed a fluorescence staining pattern that was 

inn between that of the full PS and full LNA ODNs, both at 0 hr and 20 hr posttransfection 

(nott shown). The distribution patterns for the RPA1 ODNs were similar in 15PC3 and 

MiaPacalll  cells. The FITC-labeled ODNs targeted against POLR2A showed similar patterns 

ass the RPA1 ODN Cur 237 for the ODNs containing either a 6-base PS center (Cur 218) or 
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Figuree 3: /n vitro RNase H assay with P0LR2A ODNs 
Run-offf  target RNA containing a #T or #C at the polymorphic site was assayed with the 
ODNss indicated on top of the lanes, mock = procedure without ODN. The input RNA is 
indicatedd by an arrow, and the cleaved products by an asterisk. The % input RNA that is cut 
iss indicated below the lanes. 

ann 8-base PS center (Cur 217). However, in contrast to the full LNA against RPA1, the full 

LNAA (Cur 219) against POLR2A distributed differently. Both at 0 hr and 20 hr post-

transfection,, Cur 219 was found in cytoplasmic structures, as well as intense staining in the 

nucleuss (Figure 2E and 2F). Remarkably, the nucleoli were the predominant nuclear staining 

site,, whereas the PS-containing ODNs did not stain the nucleoli. 

InIn vitro RNase H assay 

Thee ability of LNA-containing duplexes to induce RNase H-mediated cleavage was tested 

withh in vitro RNase H assay in which human cell lysates provide the enzyme activity. The 

POLR2APOLR2A ODNs, aimed to specifically target one allele of a single nucleotide polymorphism 

inn the mRNA, were tested on both genotypes (i.e. either #C or #T input RNA). A typical 

examplee of these experiments is shown in Figure 3. The unmodified PO-ODNs provide a 

somewhatt better cleavage of the target than the uniform PS-ODNs. Antisense ODNs 

completelyy comprised of LNA residues (Cur 219 and Cur 222) do not support RNase H 

cleavagee activity. The 8-PS-gap ODNs (Cur 217 and Cur 220) are equally potent as the 

uniformm PS-ODNs in the in vitro assay, while the 6-PS-gap ODNs (Cur 218 and Cur 221) 

reachh at best 50% of that activity level. The allelic ODN couples P016 #C/#T, PS16 #C/#T, 

andd Cur 217/220 display maximum efficacy on their matched target RNAs, and about 50% of 

thosee levels at the mismatched targets (shown in Figure 3 for Cur 217 and Cur 220; data not 

shownn for the P016 and PS 16 ODNs). 

Transfectionn studies 

Subsequently,, these ODNs were tested in vivo, by transfection to 15PC3 cells (containing the 

C-allele)) and MiaPacall cells (containing the T-allele). The antisense potency of the ODNs is 
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reflectedd in the reduction of target mRNA level, which is determined by Northern blot 

analysis.. Figure 4 shows that the 8-PS-gap ODNs (Cur 217 and Cur 220) are capable to 

inducee target reduction, comparable to the level obtained with the PS20 ODN (70-80% 

reduction).. The 6-PS-gap ODNs display at most 5% target reduction, while the full LNA 

ODNss do not affect the target mRNA level. For the C-genotype (15PC3 cells) the efficacy of 

PS166 #C is already near maximum, and this is also achieved by Cur 217. However, whereas 

thee mismatched PS 16 #T leads to only 10% target reduction, the mismatched Cur 220 

providess about 70% mRNA reduction. For the T-allele, present in MiaPacall cells, a PS 16 is 

nott very effective. Only 25% target reduction could be achieved. This is in line with our 

previouss experiments where we showed that a 17-mer is needed to obtain 70% target mRNA 

reductionn <9). The matched LNA-containing ODN (Cur 220) is much more potent. Up to 75% 

reductionn of the POLR2A mRNA levels could be achieved. The mismatched Cur 217 is also 

moree potent than the matched 16-mer PS-ODN and gives 50% target reduction. For both cell 

liness specificity in favor of the allelic match was also not obtained at 400 nM transfection 

concentrationss of Cur 217 and Cur 220 (data not shown). 

Thee lack of antisense activity of the 6-PS-gap ODNs was not observed for the other target, 

RPA1.RPA1. Transfection of 800 nM of a matched RPA1 antisense LNA ODN (Cur 237) to 15PC3 

cellss leads to 90% target reduction, comparable to the level obtained with the analogous 

uniformm PS-ODN PS 16a (Figure 5). 
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Figuree 4: In vivo efficacy of the POLR2A ODNs 
15PC33 cells with the C-genotype and MiaPacall cells with the T-genotype of the POLR2A 
polymorphismm were transfected with 800 nM ODNs (indicated on top of the lanes; mock = 
transfectionn procedure without ODN). Northern blots were analyzed with the POLR2A probe 
(upperr panels indicated by 'POL') as well as a 28S rRNA probe to correct for RNA loading 
(lowerr panels indicated by '28S'). 

95 5 



Figuree 5: 15PC3 cells transfected with 
thee non-variant RPA1 ODNs 
Northernn blot analysis of transfections 
usingg 800 nM ODNs (indicated on top of 
thee lanes). The top panel shows the RPA] 
hybridizationn ('RPA'), and the bottom 
panell  the 28S rRNA control hybridization 
('28S'). . 

DISCUSSION N 

Thee subcellular distribution of modified ODNs containing a center of PS bases flanked by 

LNAA residues was more or less comparable to that of full PS ODNs. The full LNA ODNs, in 

contrast,, displayed another staining pattern, which appeared to be different for the two targets 

examined,, RPA1 and POLR2A. The RPA /-directed ODN Cur 238 initially accumulated in 

cytoplasmicc structures and was diffusely found in the nucleus. In time, however, the ODN 

lostt its accumulation pattern. Apparently, there are no major LNA-binding proteins that trap 

Curr 238 in particular sites, contrasting what is observed for PS-ODNs. This was not the case, 

however,, for Cur 219, directed against POLR2A, which strongly stains the nucleus, and 

thereinn particular nucleolar structures. The fluorescence staining pattern of Cur 219 is already 

visiblee immediately following the 5 hr transfection period. Nuclear structures that appear 

similarsimilar to those stained by Cur 219 have been shown to result from inhibition of RNA 

polymerasee II transcription, and are indicative of chromatin decondensation <16). Such staining 

patternss have also been observed when HeLa cells were treated with a-amanitin prior to 

microinjectionn with fluorescently labeled PS-ODNs (l7). The normal fluorescence staining of 

microinjectedd PS-ODNs is similar to that of liposomally delivered PS-ODNs, with spherical 

structuress staining the cytoplasm and nucleus, as well as nucleoplasmic staining excluding 

thee nucleoli. The mushroom toxin a-amanitin binds to the large subunit of RNA polymerase 

III  (i.e. the protein encoded by POLR2A) and thereby prevents the transcription elongation 

processs <l8). Taken together, this may indicate that Cur 219 causes inhibition of transcription 

byy RNA polymerase II via direct association with the protein. Preliminary experiments 

indicatee that Cur 219 treatment of the cells leads to a vast elimination of RNA polymerase II 

220220 kDa-subunit protein, despite lack of reduction of mRNA level (K. Fluiter, unpublished 

results). . 

Thee in vitro RNase H assay reveals that a fully LNA-modified ODN does not support RNase 

HH cleavage of the target RNA. Incorporation of a 6-base PS center in the LNA ODN results 

inn target cleavage. However, when the PS-gap size is increased to 8 bases, the cleavage 

activityy increases about two-fold, to a level comparable with that obtained with uniform PS-

f )) fl JO a 
<NN (N !g vg 

UU U 
__ o 

—— — <N 
WW M 1/1 a.. a. a. 
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ODNs.. We have previously reported the utilization of extracts from RNase H2 over-

expressingg cell lines in our in vitro RNase H assay <15). This led to a >10-fold increased 

cleavagee of the target input RNA with PS- or PO-ODNs. With these RNase H over-

expressingg extracts, the cleavage induced by Cur 220 (8-base PS gap) also increased > 10-

fold,, while Cur 221 (6-base PS gap) induced cleavage was only slightly increased (<2-fold). 

Thiss underscores the notion that a gap of 8 PS residues in the LNA ODN provides an 

adequatee substrate for RNase H activity, while a 6-base PS gap is sub optimal. The full LNA 

ODNN Cur 219 could still not support cleavage with the highly active extracts (data not 

shown).. When the allele-specificity of the modified ODNs is examined in the in vitro assay, 

thee mismatch in the 6-PS-gap LNA ODNs is not more specific than in the 8-PS-gap LNA 

ODNs.. Possibly, the LNA flanks provide too much stability to the duplex to allow the 

mismatchh to interfere with cleavage capabilities. An occasional helix formation on the 

mismatchh might provide RNase H with a chance to cut. To allow allelic discrimination, not 

onlyy the binding specificity and affinity of the matched and mismatched ODNs matters, but 

alsoo the rate of the enzyme getting on and off the duplex target. 

Thee in vivo results show that only the 8-PS-gap ODNs, and not the 6-PS-gap ODNs, are able 

too support RNase H-mediated cleavage of the POLR2A target mRNA. This was the case in 

thee MiaPacall cells as well as the 15PC3 cells. The C-genotype provides a better target than 

thee T-genotype, both in vitro and in vivo, as was also shown in our previous study (9>. In 

contrast,, a 6-PS-gap LNA ODN directed against RPA1 resulted in a vast reduction of target 

mRNAA  in vivo. Whether this difference in gap-size needed for target mRNA reduction 

reflectss a target characteristic or an ODN sequence feature remains to be determined. 

Thee gap-size requirements reported for chimeras with various 2'-alkyl ribonucleotides ranges 

fromm 4 to 8 bases (3-8l920-2,\ with a 5-base deoxy center in a 17-mer the position of the gap in 

thee molecule greatly influenced the ability of the duplex to activate RNase H and elicit 

antisensee effects. When the gap was increased to 7 residues, however, the position no longer 

influencedd the activity (8). Another modification type that results in more ODN stability that is 

extensivelyy being examined is PNA (peptide nucleic acid), in which the internucleoside 

bridgee is formed with amide linkage, which results in resistance to nucleases as well as 

proteasess (22). Antisense ODNs that are comprised of solely PNA residues also do not support 

RNasee H mediated cleavage of the target in the PNA/RNA duplex. When a center with 

regularr phosphodiester residues is incorporated, efficient in vitro cleavage was observed by 

E.coliE.coli RNase H. A window of 8-PO bases was sufficient for cleavage, whereas a window of 

6-POO bases did not allow efficient cleavage (23). Two studies show contrasting results. A 

reportt on LNA/DNA mix-mer and gap-mer ODNs, directed against a rat brain target, showed 

thee remarkable result that RNase H activation did not require a contiguous stretch of PO or 

PSS bases ( K Similarly, in a chimeric ODN containing methylphosphonate linkages, directed 

againstt human Ul small nuclear RNA, a window of only two consecutive PO-linkages was 

sufficientt to elicit RNase H cleavage of the hybrid's RNA strand (24). The variation in gap-
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sizee requirement reported for the different ODN modifications and sequences thus indicates 

thatt in addition to the gap length, other factors can influence the RNase H activity as well. 

Thee incorporation of LNA flanks in the POLR2A-directed antisense PS-ODNs, which were 

designedd to discriminate the different genotypes of a single nucleotide polymorphism in the 

target,, was aimed at increasing the allele-specificity of the ODNs. By positioning the 

mismatchh at the border of the DNA gap, we tested whether the mismatch would influence the 

hybridd in such a way that the disturbance in stacking would strongly reduce affinity. Instead 

wee found an increased affinity and increased cleavage of the mismatched duplex, most likely 

resultingg from these modified flanks. Since the LNA flanks are responsible for the increased 

bindingg affinity of the ODNs, better ailele-specific targeting may be obtained when the 

polymorphicc residue is positioned in the flanks. The presence of a single-base mismatch in 

thee stabilizing LNA stretches of the duplex may reduce the binding affinity of the antisense 

ODN.. Different make-up of LNA/PS mix-mers will therefore be tested in the future, to obtain 

ODNsODNs with high affinity for their target and the ability to discriminate a single-base change 

withh high specificity. 

MATERIAL SS AND METHOD S 
Celll  culture 
Humann cell lines 15PC3 (prostate cancer) and MiaPacall (pancreatic carcinoma) have been 

describedd previously f9). 

Oligonucleotides s 

Thee phosphodiester (PO) and phosphorothioate (PS) oligonucleotides were purchased from 

Isogenn (The Netherlands). The LNA modified oligonucleotides were synthesized by Cureon 

(Denmark),, according to the protocol described below. Ailele-specific antisense ODNs were 

directedd against the polymorphic C/T site at position 2673 relative to the startcodon in the 

POLR2APOLR2A mRNA sequence (GenBank accession no. X63564). The PS-ODNs directed against 

POLR2APOLR2A have been described previously as L5Xasl6 and L5Xas20 for the PS 16 (#T or #C) 

andd PS20 (#T or #C), respectively (9). The PS20 ODN directed against RPAl (ISIS 12790) has 

beenn described by Basilion et al. (14> and targets a non-variant region in the 3' UTR of the 

mRNA.mRNA. The PS16a and PS 16b are truncated versions of PS20; the sequence of PS 16a 

matchess that of the LNA-modified ODNs used. The ODN sequences are given in figure 1. 

Transfections s 
ODNN transfections with liposomal transfection reagent DAC-30 (Eurogentec) was as 

describedd previously (9). Cells were seeded in a 6-well culture plate at the day prior to 
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transfectionn at a density that results in 80% confluency the next day. Cells were gently 

washedd once in serum-free medium, and 1 ml serum-free medium containing transfection 

reagentt DAC-30 (Eurogentec) at a concentration of 1 ul per 100 nM ODN was added per 

well;; then the ODN was added to the well. After 5 hr incubation the ODN-containing 

mediumm was replaced by complete medium, and cells were grown till time of analysis. 

RNAA analysis 

Northernn blot analysis of RNA was as described (9). Hybridized probe was visualized on a 

Phospholmagerr (Fuji BAS Imager and AIDA software) and quantified using the AIDA 

software.. cDNA fragments to be used as probe were generated by RT-PCR and subsequent 

cloningg into the pGEM-T Easy vector (Promega). Probes used were POLR2A (GenBank 

accessionn X63564, position 1608-2078), RPA1 (GenBank accession M63488, position 1066-

1718),, and 28S rRNA (GenBank accession Ml 1167, position 1635-1973). 

InIn vitro RNase H assay 

Thee in vitro RNase H assay, utilizing crude cell extracts as human RNase H enzyme source, 

hass been described in detail previously (15). The RNase H activity in these extracts is 

relativelyy labile and susceptible to freezing or diluting of the extracts. The extracts used in 

onee experiment were always isolated at the same time and treated in the same way. So within 

onee experiment the various cleavage rates have to be compared. Absolute levels differ 

betweenn the experiments. Template RNA was prepared by in vitro transcription of linearized 

targett plasmid construct, using T7 RNA polymerase (Promega) and the manufacturer's 

protocol.. The run-off RNA used for RPA1 corresponds to position 2073-2377 in GenBank 

accessionn M63488, in which ODN PS20 is localized at position 2230-2249. The run-off RNA 

usedd for POLR2A corresponds to position 2846-3306 in GenBank accession X63564, and 

ODNN PS20 to position 3045-3064. 

LNAA oligonucleotide synthesis 

Alll  syntheses were carried out in 1 (imol scale on a MOSS Expedite instrument platform. The 

synthesiss procedures are essentially carried out as described in the instrument manual. 

Abbreviationss of chemical structures given at the end of this section. 

PreparationPreparation of the LNA succinyl hemiester 

5'-0-Dmt-3'-hydroxy-LNAA monomer (500 mg), succinic anhidride (1.2 eq.) and DMAP (1.2 

eq.)) were dissolved in DCM (35 ml). The reaction was stirred at room temperature overnight. 

Afterr extractions with NaH2P04 0.1 M pH 5.5 (2x) and brine (lx), the organic layer was 

furtherr dried with anhydrous Na2S04 filtered and evaporated. The hemiester derivative was 

obtainedd in 95% yield and was used without any further purification. 
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PreparationPreparation of the LNA-CPG resin 

Thee above prepared hemiester derivative (90 u,mol) was dissolved in a minimum amount of 

DMF.. DIE A and pyBOP (90 umol) were added and mixed together for 1 min. This pre-

activatedd mixture was combined with LCAA-CPG (500 A, 80-120 mesh size, 300 mg) in a 

manuall  synthesizer and stirred. After 1.5 h at room temperature, the support was filtered off 

andd washed with DMF, DCM and MeOH. After drying the loading was determined, and 

resultedd to be 57 umol/g. 

PhosphorothioatePhosphorothioate cycles 

5'-0-Dmtt (A(bz), C(bz), G(ibu), and T) linked to CPG (controlled pore glass) were 

deprotectedd using a solution of 3% trichloroacetic acid (v/v) in dichloromethane. The resin is 

washedd with acetonitrile. Coupling of phosphoramidites (A(bz), G(ibu), 5-methyl-C(bz)) or 

T-p-cyanoethylphosphoramidite)) is performed by using a solution of 0.08 M of the 5-0-

Dmt-protectedd amidite in acetonitrile and activation is done by using DCI (4,5-

dicyanoimidazole)) in acetonitrile (0.25 M). Coupling is carried out in 2 minutes. Thiolation is 

carriedd out by using Beaucage reagent (0.05 M in acetonitrile) and is allowed to react for 3 

minutes.. The support is thoroughly washed with acetonitrile and the subsequent capping of 

unreactedd 5'-hydroxyl groups is carried out by using a solution of and acetic anhydride in 

THFF (CAP A) and N-methylimidazole /pyridineATHF (1:1:8) (CAP B). The capping step is 

thenn repeated and the cycle is concluded by acetonitrile washing. 

LNALNA cycles 

5'-0-Dmtt (locA(bz), locC(bz), locG(ibu) or locT) linked to CPG (controlled pore glass) is 

deprotectedd by using the same procedure as above. Coupling is performed by using 5'-0-Dmt 

(locA(bz),, locC(bz), locG(ibu) or locT)-p-cyanoethylphosphoramidite (0.1 M in acetonitrile) 

andd activation is done by DCI (0.25 M in acetonitrile). Coupling is prolonged to 7 minutes. 

Cappingg is done by CAP A and CAP B for 30 sec. The phosphite triester is oxidized to the 

moree stable phosphate triester by using a solution of I2 and pyridine in THF for 30 sec. The 

supportt is washed with acetonitrile and the capping step is repeated. The cycle is concluded 

byy thorough acetonitrile wash. 

CleavageCleavage and Deprotection 

Thee oligomers are cleaved from the support and the P-cyanoethyl protecting group removed 

byy treating the support with 35% NH4OH 1 h at room temperature. The support is filtered off 

andd the base protecting groups are removed by raising the temperature to 65 °C for 4 hours. 

Thee oligosolution is then evaporated to dryness. 

Purification Purification 

Thee oligomers were purified by reversed-phase (RP)-HPLC or anion exchange (AIE). RP-

HPLCC purification was on a VYDAC™ column (Vydac, Cat# 218TP1010). A buffer-

gradient,, composed of different percentages acetonitrile in 0.1M ammonium acetate pH7.6, 

wass used with a flow rate of 3 ml/min: 10 min 5%, 18 min 30%, 22 min 100%, 23 min 100%, 

288 min 0%. AIE purification was on a Resource™ 15Q column (Amersham Pharmacia). A 
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buffer-gradient,, composed of different percentages 0.1 M NaOH, 2.0 M NaCl in 0.1 M 

NaOH,, was used with a flow rate of 1.2 ml/min: 27 min 55%, 28 min 100%, 32 min 100%, 

333 min 0%. 

Abbreviations Abbreviations 

Dmt,, Dimethoxytrityl; DCI, 4,5-Dicyanoimidazole; DCM, Dichloromethane; DMAP, 4-

Dimethylaminopyridine;; DMF, Dimethylformamide; THF, tetrahydrofurane; DEA, N,N-

diisopropylethylamine;; PyBOP, Benzotriazole- 1-yl-oxy-tris-pyrrolidino-phosphonium 

hexafluorophosphate;; Bz, Benzoyl; Ibu, isobutyryl; Beaucage reagens, 3H-l,2-Benzodithiole-

3-one-1,1-dioxide;; locA, locC, locG, locT, LNA-monomers. 
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