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Triplex formation at physiological pH: comparative
studies on DNA triplexes containing 5-Me-dC tethered at
N4 with spermine and tetraethyleneoxyamine
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ABSTRACT been realised through linking of basic pepti@3). We have
liaod leotid ith . . . recently demonstrated that ODNs with spermine conjugation at C4
Oligodeoxynucleotides with spermine conjugation at of 5-Me-dC 6pODN) (34) exhibit triple helix formatiorwith

C4 of 5-Me-dC ( sp-ODN) exhibit triple helix formation
with complementary Watson—Crick duplexes, and
were optimally stable at physiological pH 7.3 and low

complementary Watson—Crick duplexes, with optimal stability at
low salt concentration and physiological pH 7.3; the corresponding
; - ) unmodified ODNs do not form triplexes in these conditions
salt concentration. This was attributed to a favored (35,36). Further, N3 ptonation of C (conjugated with spermine)
reassociation of the polycat_lonlc thlrd.str.and W'th the in the third strand was not observedrODN triplexes and the
anionic DNA duplex. To gain further insights into the loss in stability thereby due to the absence of the (C)N3-H--N7(G)
factors that contribute to the enhancement of triplex Hoogsteen bond is compensated by favorable electrostatic
stability and_ for engineering improved triplex systems, interactions of the sperminyl side chain with DNA, leading to an
the spermine appendage at C4 of 5-Me-dC was enhanced association with the duplex. Towards undelisgthe
replaced with 1,11-diamino-3,6,9-trioxaundecane to role of the tetraprotonated spermine side chain in causing triplex
create teg-ODNs. From the triple helix forming abilities stability, this appendage at C4 of 5-Me-dC was replaced with the
of these modified ODNs studied by nhysteresis tetraethyleneoxyglycolamine that has only a single protonation
behaviour and the effect of salts on triplex stability, it site, to obtairtegODNs for constituting triplexes. We present
is demonstrated here that  teg-ODNSs stabilise triplexes here comparative biophysical studies of triplexes derived from
through  hydrophobic desolvation while SP-ODNs g5 ODN andtegODN in the third strand employing measurements
stabilise triplexes by charge effects. The results imply of thermal stability, hysteresis and the effect of salts on thermal
that factors in addition to base stacking effects and transitions of the corresponding triplexes. It is demonstrated that
interstrand hydrogen bonds are significantly involved tegODNs when present as a third strand, form triplexes with
in modulation of triplex stability by base modified increased stability even at neutral pH, in contrast to the unmodified
oligonucleotides. controls that form triplexes only at a lower pH. The origin of the
tegODN triplex stability is shown to be due to hydrophobic
INTRODUCTION desolvation in contrast pODNs which stabilise the triplex by

Oligodeoxynucleotide (ODN) directed triplex formation ischarge effects.

increasingly attracting attention due to its therapeutic potential

(1-7). Tiple helix formation depends on Hoogsteen hydrogeMATERIALS AND METHODS

bonds between thymine (T) with an AT base pair (T*AT triplet)a)| chemicals used were of reagent quality or better grade.
and protonated cytosine {Cwith a G:C base pair (€G:C  gage protected standard nucleoside phopsphoramiditesnd 5
triplet) (8-12). This arrargment requires a polypurine central p\T.nycleoside derived controlled pore glass supports (CPG)
strand for constituting triplexes which are optimally stable afere purchased from Cruachem UK. T4 polynucleotide kinase
non-physiological pH 5.6-6.0. Several approaches have receniiyy kjenow polymerase from United States Biochemicals and
appeared in the literature to overcome these limitations throu@ L32P|ATP, [0-32P]CTP from Bhabha Atomic Research Center,

the use of chemically modified nucleobagE3-21) in the third - gompay were used for radiolabelling of oligonucleotides.
strand to increase its affinity to duplex DNA at intracellular

conditions and employing pyrimidine analogs endowed witlb
bidirectional hydrogen bonding when present in the central strary
(22—25). Spermine is known to promoiplex stabilization, both
upon external additio{26-28) as well as uporomjugation to  All oligonucleotides were synthesized on Lol scale on a
ODN at the 5terminug29,30), 20 (31) and C5 of dU (32). The Pharmacia GA plus DNA synthesizer using CPG and
polycationic effect of spermine on triplex stabilization has alsoucleobase (A, G, C and T) protectédDs4,4'-dimethoxytrityl)

igonucleotide synthesis, purification and primer
tension
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X = 5-Me-dC-(N*-spermine)

Scheme 1. Y = 5-Me-dC-(N'-w-deoxyaminotetraethyleneglycol)

deoxyribonucleoside=3-[(N,N-diisopropylamino)g-cyanoethyl 4, (1.0 g, 5.2 mmol, 7.5 eq.) were stirred in dry pyridine (2 ml) at
phosphoramidite] monomers, followed by deprotection wittv0°C for 48 h. Pyridine was removed from the reaction mixture
aqueous NHKl ThetegmonomeBwas synthesised by the procedureunder vacuum and the residue was taken in ethylacetate (20 ml),
described below. All oligonucleotides were purified by reversesvashed with water (10 ml), dried over anhydrous sodium sulfate and
phase FPLC on a C18 column and the purity was rechecked ewaporated to dryness. The residue was treated with ethyltrifluoro-
reverse phase HPLC using buffer systems A: 5%CGDMHin  acetate in absolute ethanol at ambient temperature under basic
0.1 M triethylammoniumacetate (TEAA) and B: 30%4CHl in ~ conditions to get thil-trifluoroacetamide derivativeé Compound
0.1 M TEAA with a gradient A to B of 1.5%/min at a flow rate 2 was purified by silica gel column chromatography using as an
of 1.5 ml/min. Retention time faleggODNs: 12 (11.86 min), eluent chloroform/methanol/triethylamine 9:0.9:0.1, yield: 0.40 g
13(11.65 min), 14 (11.84 min), 15 (12.08 min) and16 (71%).1H NMR &CDCl): 7.68(s, 1H), 7.60(bs, 1H, exchangeable
(12.22 min). To check the migration behaviorted-ODNs on  with D2O), 7.44—7.39(m, 2H), 7.33—7.21(m, 7H), 6.84—6.80(d, 4H),
PAGE the purified oligonucleotides were labeled at thenfi  6.48-6.42(t, 1H, J = 6.5 Hz), 5.50(bs, 1H, exchangeable wih, D
using 3-[y-32P]JATP by T4 polynucleotide kinase according t04.56(m, 1H), 4.10(m, 1H), 3.79(s, 6H), 3.75-3.31(m, 18H),
standard procedures (37). Thedicdabeled oligonucleotide 2.64-2.53(m, 1H), 2.26-2.20(m, 1H) and 1.48(s, 3f0.NMR
samples were run on a 20% polyacrylamide gel containing 7 B{CDCl): 163.7, 158.7, 156.6, 144.7, 137.4, 135.8, 130.2, 128.3,
urea with 90 mM Tris-borate-EDTA (pH 8.3) as buffer. Sample428.0, 127.0, 113.3, 102.4, 86.7, 86.1, 85.9, 72.0, 70.5, 70.3, 70.1,
were mixed in formamide, heated to°@for 5 min and then 69.5, 68.8, 63.8, 55.3, 42.0, 40.7, 39.7 and 12.4. FAB MS: 815 (M
cooled in an ice bath before loading on the gel. Autoradiogramsl).
were developed after 1 h exposure using an intensifying screenThe phosphoramidite monorrmwas prepared from compound
The primer extension reactions were carried out in a toté@l by following the procedure as described in ref. 3B. NMR
volume of 20ul containing 50 mM Tris—HCI (pH 7.6), 10 mM &(CDCl3): 149.8 and 149.3 p.p.m.
MgCly, 10uM each of dATP, dGTP, TTRxf32P]CTP and M
of appropriate annealed duplex. The reactions were initiated
addition of 2 U Klenow Polymerase | at°Z5for 1 h. The reactions
were terminated by freeze-drying, dissolved in formamide and théuplex and triplex melting experiments were carried out in
analysed by denaturing gel electrophoresis as described above.25 mM Tris, pH 7.0-7.3 buffer, containing varying amounts of
salts NaCl, NgSO4, NaClQ, as mentioned in each case.
3-0-(2-CyanoethylN,N-diisopropylphosphoramido)-5- Appropriate oligonucleotides, each at a strand concentration of
O-(4,4-dimethoxytrityl)-5-methyl-4- N-(11-N-trifluoro- 1um ba;ed on a UV gbsorbance of 260 nm calculated using
acetamido-3,6,9-trioxaundecyl)-2deoxycytidine (3) molar extinction coefﬂment_s of dA=15.4,dC =7.3,dG = 11.7,
T = 8.8 cm¥/mmol, were mixed and heated ar@0for 3 min,
5'-O-DMT-C4-(2,6-dimethyl)phenyl-5-methyluridin@4), allowed to cool to room temperature followed by overnight
1,(0.45¢g, 0.7 mmol) and 1,11-diamino-3,6,9-trioxaundecanstorage at 4C. The Agonm at various temperatures were

lR)felting experiments
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recorded using a Perkin EImer Lambda 15 UV/VIS spectrophotoA 1
meter, fitted with a water jacketed 5-cell holder and a Julabo ©
temperature programmer with a heating rate of@©/&in over g o8 |
5-75°C. Dry nitrogen gas was flushed in the spectrophotometer 5
chamber to prevent moisture condensation at temperatures £ 06} a o/ ¢/ /4
<15°C. The triplex dissociation temperatutg)(was determined 8
from the midpoint of the first transition in the plots of fraction < 04}
absorbance change versus temperature and were further con- §
firmed by differential §A/dT versusT) curves. They, values are 8 02}
accurate ta0.5°C over the reported values. The reassociation of -
third strand with complementary duplex was studied by hystere- 0 L L . . .
sis experiments (36) in which the samples were heatetiq0.5 5 15 25 35 45 55 65
min) and maintained above triplex—duplex transition temperature Tem 0
. h N perature (°C)
for 10 min to achieve constant absorbance, followed by cooling
(0.5°C/min).
RESULTS AND DISCUSSION B 1
Synthesis and characterization oteg:ODNs % 08 |
o
The 5-Me-dCN*-(teg monomer 3 required for site-specific (; 06 |
incorporation into oligonucleotide sequences was synthesised § b..:
(Scheme 1) from displacement-coupling reacti®®,40) of 50- < 04} e
DMT-0O*(2,5-dimethylphenyl)-5-methyl d@ with 1,11-diamino- S a7~
3,6,9-trioxaundecang followed by protection ofy'-amino group 8 o2} ';:&
as trifluoroacetate and subsequer®-ghosphoramidation by v e
standard procedures (38). Téttachment of diaminopolyoxyethy- 0 = s . .
lenes at C4 of pyrimidine by following a similar strategy and its 5 15 25 35 45 55 65 75

incorporation into ODNs has been used for synthesis of oligonucleo-
tides bearing reporter functional groiip4,42). The diaminéwas
obtained from tetraethyleneglycol in three stdg8), with
purification and complete characterization of products at aIFigutr)e # (?):;/?)eltin% pr_Ofilel\Sl t)élci(liglgzxehs}l )const:\tllutgofrdt:ﬂ@;;O(Dgsl Eisn

H H S butter (p . containing Nal m an 9) miM). (a)o:16,
frgg%ﬁ% d%ycf;r:]?;]tzt(r?r%ﬁgm;\?vgi psupr(ial%rdotso Cfc:gll’ﬁogm:r:gﬁgsby Tlﬁ; 5:15, (¢)5:13and (d)5:6. (B) UV melting profiles of triplexes constituted

. from tegODNs in Tris buffer (pH 7.3) containing NaCl (100 mM) and MgCl

column chromatography and characterised thré@NMR and (20 mM). (2)16+17:18 (b) 15*17:18 (c) 13*17:18and (d)L2*17:18.
mass spectroscopy. This was incorporated into the oligonucleo-
tide sequence$2-16 at the indicated positions, followed by
aqueous NH treatment for complete deprotection and FPLC
purification. The ODNs were &nd radiolabelled and their purity Table 1.Melting data foteg:ODN duplexes and triplexes
was rechecked by denaturing polyacrylamide gel electrophoresis

Temperature (°C)

Spermine conjugated ODNsp{ODNSs) 7—11were synthesised as Duplex tm °C Triplex tm °C .
reported earlier (35,36). -Mg *Mg
5:6 50 6*17:18 nd 30
Thermal stability of teggODN duplexes and triplexes 512 50 12:17:18 34 47
5:13 47 13*17:18 nd 42
Figure 1 and Table document UMy, results on duplexes and s.15 42 15%17:18 23 41
triplexes derived fronteg:ODNSs. The duplexes froneg-ODN
5:16 29 16*17:18 nd 24

containing different degrees of substitutidiid 2, 5:13, 5:1%nd
5:16) exhibited lowety,s compared with the control unmodified
duplex5:6, similar to the behaviour sp-ODN duplexe$35); the
destabilising order being contrbl6 = (3) 5:12 < (M) 5:13 <
(3,5)5:15< (3,5,M) 5:16. The terminally modifieteggODNs12 In the presence of Mg all teqtODNs formed triplexes and the
and15with the complementary 24mer duplekx18showed triplex  tys of terminally modified triplexek2*17:18and15*17:18were
transitions even in the absence of*Njgn contrast to the control enhanced by 13 and 18 respectively compared with the triplex
6*17:18where triplex was not observed. Under these conditions, tiermed in the absence of My The trisubstitutedegODN
triplex transitions withteggODNSs 13 and 16 were not detectable 16*17:18was less stable than the con6tl7:18. The triplexty,
perhaps due to the destabilising nature of the centrally modifiexf teg ODNs decreased upon lowering of [#2{17:18 50 mM
oligonucleotides and/or a low hypochromism. From an applicatiosodium acetate, pH 5.6, 41°C; 20 mM Tris, pH 7.3y, 47°C,
perspective the terminal modifications are more advantageous tharpresence of 100 mM NaCl and 20 mM Mg@¥t, pH 7.3-5.5
the internal one as they are less destabilising. = 6°C) and was qualitatively similar to that seen with the

nd, not detected.
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correspondingp-ODN triplexes Aty pH 7.3-5.5 = 11C) (36)  precipitation of biopolymer§t9,50). The staility of proteins is
under identical conditions, but with a lower magnitude. Irinfluenced by the hydrating ability of anions which follows the
spODN, such a behaviour was attributed to a protonatedrder SQ2~ > Ck = Br- >CIO* > CNS.. This has also been
spermine side chain at C4 causing a low€s @f N3 due to recently employed to establish the hydrophobic nature of the
electrostatic repulsion, as compared with that of dC in unmodifiechlicheamicin—-DNA interaction which is enhanced in the pres-
ODN. Unlike spODNs, tegODNs lack multiple protonation ence of a strong antichaotropic agent such asS@a but
sites in the side chain; however, the presence of a singecreases in the presence of a weakly hydrated chaotropic agent
protonated amino function at terminus may slightly disfavour N3uch as LiClQ(51). A compartive study of the effects of these
protonation due to electrostatic repulsion and hence destabilisalts onsp and tegODN triplexes should therefore help in
the triplexes but to a lesser extent compared sgtf®DNs. No  defining the nature of interaction (charge/hydrophobic) of the
change int,, of unmodified triplex6*17:18 was observed upon side chains conjugated to the third strand with the duplex.
external addition of 1 mM 1,11-diamino-3,6,9-trioxaundecane, Bothsp-ODN andteg-ODN triplexes showed enhancement of
unlike that seen from external addition of spermine whicly, upon increasing NaCl concentration from 100 to 900 mM
enhances triplex stabilit{26—28). To understand the role of (Fig. 3B). The melting otegODN triplexes were more salt
conjugated polyoxyethyleneamino chaitegODN ininducing  dependent than those sODN triplexes, as evident from a
stable triplexes, the differential behaviour of heating and coolingigher slope fotegODN triplex in salt concentratiotyy plot
curves (hysteresis) were examined. (data not shown). Comparative Utyrdata for triplexes contain-
ing eithersp-ODN orteg-ODN recorded in Tris buffer containing
salts of different compositions are indicated in Figure 3B.
Addition of 100 mM NaSQy to the buffer instead of 100 mM

We have shown earlier that the stabilityspfODN triplexes ~NaCl had no major consequence ontghef sp-ODN triplexes
arises from favoured reassociation with complementary dupldstespective of the position and degree of substitution (A, B, C)
mediated by polycationic spermine chg®6). To examine €Xxcept in the case of trisubstitutstODN triplex which was
corresponding effects bleg-ODN triplexes, heating and cooling Slightly destabilised. On the other hand, 100 mM;3G
curves were recorded for triplex transitions, both in the presen#itduced a significant rise iy, of tegODN triplexes, whose
and absence of Mg and the results are shown in Figure 2. Nonagnitude increased with the degree of substitution (D, E, F).
significant hysteresis for triplex duplex transition was observed  In the case of trisubstituteigggODN (F in Fig. 3A), triplex
with teFODN triplexes in presence of Mtyupon cooling (Fig. formanon which was undetectable with 100 mM NaCl, showed up
2a). However, in the absence of WMgtegODN significantly ~ only in the presence of 100 mM #0,. This rise irtm of tegODN
exhibited a strong hysteresis (Fig. 2b) which was absent in théplexes in the presence of 100 mM28@, could arise from
correspondingp-ODN triplex, both with and without Mg (Fig. ~ increased concentrations of either cation*jNa anion (S@).
2c and d). In the case spODN triplexes, the electrostatic Hence, a set of UMtm experiments on'8nonosubstituted triplexes
interaction of the protonated side chain with the phosphat&17:18 (spODN) and12*19:20 (tegODN) were carried out at
backbone and/or hydrogen bonding with nucleobases, caugéferent compositions of NaCland p&0x, keeping the total cation
enhancement of the reassociation rate. In caeg-6fDN having ~ concentration constant and the results are depicted in Figure 3B.
polyether functions that are non-protonated under the expeticreasing Naconcentration from 500 mM [Fig. 3B(a)] to 900 mM
mental conditions, the observed triplex stability must arise froffig. 3B(C)] enhanced théy of both spODN and tegODN
factors other than charge effects, for example, hydrophobftiplexes. In the presence of 100 mM NaCl with 400 mMSG
desolvation of the major groove of the duplex by the appenddptal [Na'] = 900 mM) [Fig. 3B(b)],spODN showed a lowetr,
polyethylene glycol side chain of the thirdestd. The polyether compared with that at 900 mM NaCloae [Fig. 3B(c)]. In
side chain may alter the hydration network in its vicinity in thecontrast, theegODN triplex was equally stable in both salt
major groove, thereby improving the third strand association vigompositions. Similarly, addition of 400 mM LiCiQFig. 3B(d)]
hydrophobic and hydrogen bonding interactions with neighboufduced a slight destabilizationsFODN triplexty, as compared
ing DNA strands. with that at 500 mM NaCl [Fig. 3B(a)], while no such effect was
It has been previous|y repor[e@kl) that externalddition of seen Wltheg-ODN tri_pIeX. Thus, salts have dlfferentlal effects on
polyethylene glycols in the range PEG 400-3400 in moldi€gd- and spODN triplexes with more stabilization effect on
concentrations, induces a dramatic change in the meltif§3ODN triplexes than fospODN. The observed order of
temperature of duplex and triplex with increasing concentratioduced stablility by the anions g&> CI-> CIO;~which is the
and molecular weight of polymer. The observed effect of PEG¥Me as their hydrating abilities suggests that hydrophobic effects
was attributed to a combination of multiple factors including saffom the polyethyleneoxy side chain could contribute
concentration, water activity and solution crowd{gg—47). In  significantly to the stability of theegODN triplex(51).
light of this, comparative effects of salts sp- andteg-ODN
triplex transitions were studied.

Hysteresis integODN triplexes

Gel retardation and primer extension withsp-ODN and
tegODN

Effect of salts on stability ofspODN and tegODN ) o Y )
triplexes The relative cationic charge contributions to the properties of

spODN andtegODN can also be probed by their electrophoretic
The triplex stabilities are strongly influenced by the presence diehaviour. We had previously observed tsptODNs were
salt and are more cation specific as compared with dupleonsiderably retarded in gel mobility on PAGE, compared with the
stability (48). In aldition to electrostatic interaction, salts can alsaunmodified ODNs and the retardation increases with the degree of
influence/affect hydrophobic interaction in condensation andubstitution(36). The moliity retardation in electrophoresis results
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Figure 2. Hysteresis curves e¢g-ODN triplex 15*17:18(a andb) andsp-ODN triplex 10*17:18(c andd) at pH 7.3 in Tris buffer containing NaCl (100 mM). (a)
and (c) in the presence of MgGR0 mM); (b) and (d) in the absence of MgQolid lines show heating curves while dashed lines show cooling curves.

from the positive charges of conjugated spermine chain and welt would be interesting to see the effect of conjugation of
sought to examine this effecttegrODNs which have only a single polyamine and polyether functions to nucleobases in
terminal amino group in side chain. SimilasfeODNs, the 5end  oligonucleotides on their ability to act as substrates in biological
32p-JabelledtegODNs showed retardation on gel compared wittreactions. The chain extension reactions were individually carried
unmodified ODNS, but lower compared with thaspfODN. The  out by DNA polymerase Klenow Pol | (52) using a common
retardation (Table 2) increased with the degree of substitution ag8mer ODNL9as the template asg-ODNs7—11andtegcODNs
interestingly exhibited a dependence on the position of thE2-16 as primers, all in unlabeled form. The presence of
modification in the sequence. The terminally modified monosubstja-32P]JdCTP as one of the dNTPs in the reaction mixture enabled
tuted ODNSs (35") in each class had not only closgnBues, but  unambiguous detection of only the primer extended products
retarded slightly more than the centrally modified ODNs. Since th@corporating the radiolabel, as analysed by denaturing gel
molecular weight differences between the two types of modificaelectrophoresis followed by autoradiography shown in Figure 4.
tions is <10, the observed retardation differences arspngnd  The B-end32P-labeledl9 (lane 1) used as a marker, confirmed
tegODNs arise mostly from charge effects, the higher positivéhat both classes of modified oligomers, regardless of the position
charge inrspODN leading to a relatively greater retardation. and degree of modification, act as efficient primers to yield 25mer
extended products. The characteristic gel mobility retardation
seen for the modified primers (Table 2) was also evident in their
corresponding extended chains, vty ODN products showing

a lower retardation thasp-ODN products.

Table 2. Gel retardation data ap-ODNs andegODNs?

Modified side Rf value

sp-ODN teg-ODN . _ _
5 076 ) 08309 Origin of triplex stability : sp-ODN versusteg-ODN
3 0.76 (7) 0.84 (12) The experimental data presented in this and an earlier paper (36)
M 0.84 @) 0.89 (3) clearly demonstrate_ that.oligonu_cleotides with a spermine or a
, tetraethyleneoxyamine side chain appended at C4 of 5-Me-dC
5.3 056 00) 0.70 49 form stable triplexes under low salt conditions. UV difference
5,3, M 0.34 (L1) 0.60 (L6) spectra and i, measurements indicate that N3spfODN is

predominantly non-protonated at pH 7.0 and hence handicapped
aRy value for unsubstituted ODN, 1.0 by the loss of one HG hydrogen bond with N7 of dG in central
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Figure 4. Autoradiogram of denaturing PAGE of chain extended products
‘ obtained usind9(25mer) as template asg-ODNs andegODNSs as primers
0 T T T T T b (18mer). As both primer and template are unlabelled, only the primer extended

products are seen due to the incorporatiornet3P]dCTP during extension
reaction. Lanes 2, 3, 4, 5 and 6 correspond to the primer extended products
obtained fronsp-ODNSs?9, 7, 8, 10 and11 respectively while lanes 7, 8, 9, 10

and 11 correspond to the primer extended productstébg@DNs12, 13, 15,
16and14 respectively. Lane 1 showsénd labeled 9 (25mer) as marker for

size comparison.

better stability compared with unmodified controls. In begh
andtegODNSs, substitutions in the interior are less stabilizing
than substitutions towards thé33termini. This is apparent from
the nucleation-zipping model for association—dissociation of

51

Q
TR duplex (53), also valid for fplexes (54) where nucld&n
involving terminal 3—4 base triplets governs the rate determining
4 | step for association of the third strand with duplex.
CONCLUSIONS
42

sp-0 - Our studies on triple helices employing spermine and polyether
conjugated ODNs as third strand have shown remarkable
stabilization at physiological pH, conditions under which ODNs
Figure 3. (A) Bar diagram shows anion dependencepeDDN andiegODN containing dC and 5-Me-dC fail to show triplex formation. The
triglex tmin Tris buffe?at pH 7.3. L stands foe buffer containing Nac% (100 mMm) stability ofspODN tnplexes.at.low sal .Condltlons C?” be atmbUteq
and R stands for buffer containing 780, (100 mM). A (*17:18), B (0 an accelerated reassociation of third strand with duplex, while
(10*17:18 and C 1*17:18) represensp-ODN triplexes with single, double tegODNSs stabilize triplexes through hydrophobic desolvation. In
and triple modifications respectively. O217:18, E (15*17:18 and F  contrast to the ionic interactions $3ODN, hydrophobic binding
(16*17:18 represertieg-ODN triplexes with single, double and triple modifica- i tegODN is weaker. These results suggest that triplex stabilities

tions respectivelyR) Bar diagram shows salt dependencsps®DN 7*17:18 . -
andteg:ODN 12*17-18riplex tm in Tris buffer at pH 7.3 having different sait €& P& modulated via covalent conjugates through factors other than

composition. (a) 500 mM NaCl (b) 100 mM NaCl + 400 mMSiay (c) 900~ base stacking and interstrand H-bondiSce polyamines and
mM NaCl and (d) 100 mM NaCl + 400 mM LiC}O polyoxyethylenes are well known to interact with membranes,

studies orsp andtegODNs presented here may have significance
in evolving newer strategies to improve cell permeability and in the
development of ligand conjugated oligonucleotide analogues as

strand. The stability of thepODN tiplex under low salt Hgn-cytotoxic candidates for antisense/antigene therapeutics.

conditions (100 mM NaCl) is due to enhanced reassociation of t
duplex and third strand, caused by favored interaction o
conjugated cationic spermine electrostatically with the anioni CKNOWLEDGEMENT
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