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ABSTRACT. We have prepared oligonucleotides containing the novel base analogmeirethoxy,5-
propargylamino-U in place of thymidine and examined their ability to form intermolecular and
intramolecular triple helices by DNase | footprinting and thermal melting studies. The results were compared
with those for oligonucleotides containing 5-propargylamino-dU drah®inoethoxy-T. We find that the
bis-substituted derivative produces a large increase in triplex stability, much greater than that produced
by either of the monosubstituted analogues, which are roughly equipotent with each other. Intermolecular
triplexes with 9-mer oligonucleotides containing three or four base modifications generate footprints at
submicromolar concentrations even at pH 7.5, in contrast to the unmodified oligonucleotide, which failed
to produce a footprint at pH 5.0, even atdd. UV- and fluorescence melting studies with intramolecular
triplexes confirmed that the bis-modified base produces a much greater incredsettan either
modification alone.

Intermolecular DNA triple helix formation provides a binding is not as strong as that of the underlying duplex.
means for selectively targeting unique DNA sequences, Several strategies have been explored for increasing the
which in principle may be useful for treating a wide range binding affinity of the third strand. These include addition
of diseases including cancer and viral infectiofis-9). In of ligands that bind to triplex (not duplex) DNALB, 14),
this strategy, the DNA sequence of interest is targeted with covalent attachment of a DNA binding agent (usually an
a synthetic oligonucleotide, which binds in the major groove, intercalator) which acts as a nonspecific anchs—17),
making specific hydrogen bond contacts with exposed groupsaddition of polyamines to the end of the oligonucleotiti8)(
on the DNA bases (usually the purine$) 9). Nucleic acid the sugarsX9), or the bases2Q, 21), modification of the
triple helices can be divided into two main classes, which phosphodiester backbon2-24), and the design of novel
differ in the orientation of the third strand oligonucleotide bases with improved base stackirRp{27).
relative to the purine strand of the target duplex. Triplexes Although the TFAT triplet forms in a pH-independent
in which the third strand runs parallel to the purine strand fashion, several studies have shown that it has a lower
are characterized by-AT and C"-GC triplets @0), while stability than isolated GGC triplets 8—30), presumably
antiparallel triplexes consist of -<GC and either AAT or because the positive charge on the latter makes favorable
T-AT triplets (11). Several other weaker triplets have also interactions when stacked against theelectrons of the
been described for recognition of pyrimidine bases, and a adjacent triplets. We have used footprinting studies to
large number of nucleotide analogues have been preparecexamine the interaction of 9-mer oligonucleotides with
for extending the recognition code, and for generating oligopurine targets and have shown that, although TCCT-
complexes that are stable under physiological conditib®s ( TCTCT forms a stable triplex with a submicromolar dis-

One major limitation of the triplex strategy is that, although sociation constant, TTTTTTCTT does not generate a foot-
the complexes form with high specificity, the strength of print even at concentrations as high as30(30). We have
previously shown that addition of a positively charged group
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T), 5-propargylamino-dU (8), and bis-amino-U. (B) Sequence of Oligo 12 X = bis-amino

the oligopurine tract (boxed), contained within the 110 base pairs
fragment fromtyrT(48—59). The third strand 9-mer oligonucle-
otides, used in the footprinting experiments, are shown above. (C)
Oligonucleotides used to form intramolecular triplexes for use in
UV-melting studies. The linkers between the strands were composed

5" -TXTXTT-
H<CTCTC—}ACTTTTTTCII§‘—I-I

KCTCTGACTTTTTTCF—S !
GAGACTGAAAAAAGQC-3"

GAGACTGAAAARAAGQC-3'

Oligo 14 Oligo 16 X=T

of two octanediol residues (O).

multiple substitutions with &form more stable complexes,

and 9-mer oligonucleotides substituted in only three or four

positions show only a small increase in triplex stabilBg)(

Oligo 16 X = f

FiGUre 2: Chemical structures of (A) MeRd dR, R methyl red
and Fam dR, R= Fam; (B) FamCap-dU, R= Fam; (C) Fam; (D)
methyl red. (E) Sequences of oligonucleotides used for the
fluorescent melting studies with the Roche LightCycler. The

Other groups have shown that addition of a positive charge different stands of these intramolecular complexes are joined by
at the 2-position also greatly enhances triplex stability and one or two hexaethylene glycol moieties (H). Q indicates the

_ami quencher, while F indicates the fluorophore. In each case, the
2§$i2?]?t(rgf_d1}hé};$§ ?gl%%(itgg)xy group was the most quencher is MeRed dR. For oligonucleotidesi, the fluorophore

is FamCap-dU, while this is Fam dR for oligonucleotides-16.
We have recently prepared a nucleotide analogue contain- ) ) )
ing both these substitutions (bis-amino-U, Figure 140)( turing ponacryIamlde gel. The |solla_ted DNA was dissolved
In this paper, we compare the stability of triplexes containing i 10 mM Tris-HCI pH 7.5 containing 0.1 mM EDTA to

this analogue with those containing EA-T oP.U give about 16-20 cpskL as determined on a hand held
Geiger counter €10 nM). For quantitative footprinting

experiments, the absolute DNA concentration is not impor-
tant so long as it is lower than the dissociation constant of
OligonucleotidesOligonucleotides were synthesized on the DNA binding compound.
an Applied Biosystems 394 solid-phase DNA/RNA synthe-  DNase | Footprinting Radiolabeled DNA (1.5:L) was
sizer on 1.uM scale, and were prepared and HPLC purified mixed with oligonucleotides (1.5L) dissolved in an
by Oswel Research Products Ltd., Southampton. PhOSphOfaappropriate buffer. Experiments at pH 5.0 and 6.0 were
midite monomers for the base modifications were prepared performed in 50 mM sodium acetate containing 10 mM
as previously describe@®2, 35, 40). Methyl red (Figure 2D)  MgCl,, while at pH 7.5 the buffer used was 10 mM Tris-
was incorporated at various positions in the oligonucleotides, HC| containing 50 mM NaCl and 10 mM Mggl The
using MeRed dR (Figure 2A). Fluorescein (Figure 2C) was concentrations refer to conditions in the final reaction
incorporated using either Fam dR (Figure 2A) or FamCap- mixture. These complexes were left to equilibrate af@0
du (Figure 2B). The sequences of oligonucleotides used infor at least 2 h. The samples were digested by adding 2

MATERIALS AND METHODS

these studies are shown in Figures 1C and 2E.

DNA Fragments. Tyi(43—59) is a modification of the
original tyrT DNA sequence, which contains a 17-base
oligopurine tract between positions 439 (@41). The se-

of DNase | (typically, 0.01 Units mt?) dissolved in 20 mM
NaCl containing 2 mM MgGl and 2 mM MnC}. The
reaction was stopped after 1 min by adding!5 of 80%

formamide containing 10 mM EDTA, 10 mM NaOH, and

guence of this region is shown in Figure 1B. The radiolabeled 0.1% (w/v) bromophenol blue.

DNA fragment was prepared by digesting the plasmid with
EcoRl andAval and was labeled at thé-8nd of theEcaRl
site using reverse transcriptase anréfP-dATP. The labeled

Gel Electrophoresis The products of digestion were
separated on 9% polyacrylamide gels contajrnM urea.
Samples were heated to 10C for 3 min, before rapidly

110-base pair DNA fragment was separated from the cooling on ice and loading onto the gel. Polyacrylamide gels

remainder of the plasmid DNA on an 8% (w/v) nondena-

(40 cm long, 0.3 mm thick) were run at 1500 V for about 2
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h and then fixed in 10% (v/v) acetic acid. These were
transferred to Whatman 3MM paper and dried under vacuum
at 80°C. The dried gels were either exposed to autoradio-
graphy at—70 °C using an intensifying screen, or were
subjected to phosphorimaging using a Molecular Dynamics
STORM phosphorimager.

Quantitatve Analysis The intensity of bands within each

footprint was estimated using ImageQuant software. These &

were normalized by comparison with a region for which
DNase | cleavage was not affected. Footprinting pld8 (
were constructed from these data ang ¥@lues, indicating
the oligonucleotide concentration, which reduces the band
intensity by 50%, were calculated by fitting a simple binding
curve to the data3Q, 31, 42).

UV Melting. UV melting studies were performed as
previously described@) on a Perkin-Elmer Lambda 2 UV/
Vis spectrometer with PTP-1 temperature programmer or
Perkin-Elmer Lambda 15 UV/Vis specrometer. Absorbances
were monitored at 260 nm. The heating rate was sef/at 1

min, and absorbances were taken at intervals of 10 s. First *,

derivatives were obtained using the Perkin-Elmer PECSS2
software. Each UV melting experiment was repeated until
the threeT,, values were within 0.5C. Experiments at pH
5.0-6.5 were performed in 50 mM sodium acetate buffer
containing 100 mM NacCl. Between pH 7.0 and 8.0, the
buffer used was 50 mM sodium phosphate containing 100
mM NacCl, while at pH 8.5-9.0 the buffer was 50 mM borate
containing 100 mM NaCl. The oligonucleotide in the
spectrophotometer cell was at a concentration Qil\3.

Sequences for the oligonucleotides used in these studies ar

shown in Figure 1C.

Fluorescence Melting-luorescence melting experiments
were performed using the oligonucleotides shown in Figure
2E. Full details of this procedure are published elsewhere
(44). Briefly, 20 uL of oligonucleotide (0.2%M, diluted in
the same buffers as used for the UV-melting studies) were
placed in the Roche LightCycler glass capillary. Oligonucle-
otides were first denatured by heating to 95 for 5 min.
They were then annealed by cooling to Z5at the slowest
instrument rate (0°1s), held at 25°C for 5 min and then
melted by heating to 95C at 0.F/s. Recordings were taken

during both the annealing and denaturing steps and were;

found to be identical, indicating that system was at thermo-
dynamic equilibrium. The LightCycler has one excitation
source (488 nm); the changes in fluorescence emission wer
measured at 520 nnT,, values were determined from the
first derivatives of the melting profiles using the Roche
LightCycler software. In some instances, the melting curves

showed a small change in fluorescence with temperature in

regions outside the melting transition; the data were not
corrected for the temperature dependence of the fluorescenc
emission. Each reaction was performed in triplicate, and the
Tn values usually differed by less than 0G.

RESULTS

DNase | FootprintingWe have previously shown that the
oligonucleotide TTTTTTCTT binds only weakly to its 9-base
pair target site, and fails to give a footprint, even at a
concentration of 3@M at pH 5.0 @0). The low affinity is
thought to be due to the relatively weak stability of the T
AT triplet, compared with €-GC. This interaction has been

Sollogoub et al.
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Ficure 3: DNase | digestion patterns showing the interaction of
aminoethoxy-U-substituted oligoncleotides with the oligopurine tract
in tyrT(43—59). The experiments were performed in 50 mM sodium
acetate buffer pH 5.0 containing 10 mM MgCOligonucleotide
concentrationsyM) are shown at the top of each gel lane. The
tracks labeled “con” show DNase | digestion of the duplex DNA
in the absence of oligonucleotide. “GA” represents Maxdgilbert
markers specific for purines. The boxes show the position of the
expected 9-mer target sites.

stabilized by addition of triplex-binding ligands or by
inclusion of modified bases. In particular, we have shown
that replacement of seven of the Ts with propragylamino-

dU (UP) using the oligonucleotide WPUPUPUPUPCUPT

Increases the affinity by over 3 orders of magnitude,
generating footprints at nanomolar concentratio®).(
However, substitution of only four of the Ts required 2@
oligonucleotide, while an oligonucleotide with only three
substitutions failed to produce a clear footprint. We therefore
xamined the effect of substituting three or four of the Ts in
his oligonucleotide with the new analogue 5-propargy-
lamino,2-aminoethoxy-U. For comparison, we prepared
similar oligonucleotides substituted with-@minoethoxy-T.
The results of footprinting experiments with these oligo-
nucleotides are shown in Figures 3 and 4. At pH 5.0, the
oligonucleotide containing four'aminoethoxy-T residues
attenuates DNase | cleavage at the expected target site; this
is accompanied by enhanced cleavage at thé@®ver) end
of the target site, an effect that is often observed for triplex
footprints. Quantitative analysis of this cleavage pattern
generates the footprinting plot shown in Figure 5. Simple
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Ficure 4: DNase | digestion patterns showing the interaction of bis-amino-U-substituted oligonucleotides with the oligopurine tract in
tyrT(43—59). The experiments were performed in 50 mM sodium acetate buffer pH 5.0 containing 10 mM &ddOImM Tris-HCI pH

7.5 containing 50 mM NaCl and 10 mM MggLlOligonucleotide concentrationgl) are shown at the top of each gel lane. The tracks
labeled “con” show DNase | digestion of the duplex DNA in the absence of oligonucleotide. “GA” represents Maihart markers

specific for purines. The boxes show the position of the expected 9-mer target sites.

Table 1: Go Values Derived from Footprinting Plots of the DNase | Cleavage Patterns in the Presence of the Different Oligonicleotides

XTTXTTCXT XTXTXTCXT
footprint enhancement footprint enhancement
oligonucleotide CsouM CsouM CsouM CsouM
X = 5-propargylamino pH 5.0 NO NO 216 4.3+ 0.9
X = 2'-aminoethoxy pH 5.0 NO NO 62138 7.9+1.2
X = bis-modified pH 5.0 0.830.23 0.34+ 0.16 0.13+ 0.03 0.32+0.20
X = bis-modified pH 7.5 232 14+5 0.54+0.13 0.56+ 0.16

aThe data for 5-propargylamino-dU are taken from 3&f Note that the unmodified oligonucleotidé BTTTTTCTT does not affect DNase |
cleavage under any of these conditions. Similarly the mono-amino derivatives do not affect the DNase | cleavage pattern at pH 7.5. NO indicates

no footprint detected with 3gM oligonucleotide.

binding curves fitted to these data yield,®@alues of 6.9t at the 3-end. Quantitative analysis of these footprints and
1.8 and 7.9+ 1.2 uM for the footprint and enhancement, enhancements produces the footprinting plots shown in
respectively. In contrast, no footprint is evident for the Figure 5. The G values estimated from these data are shown
oligonucleotide containing threé-8minoethoxy-dT residues.  in Table 1. Itis clear that the oligonucleotide containing only
These G values are presented in Table 1, which also shows three modifications binds with appreciable affinity. Similar
the values for 5-propargylamino-dU taken from previous experiments were also performed at pH 7.5, and are shown
work. The data show that each of these amino-modificationsin the final two panels of Figure 4. Even under these
generates a similar effect on the binding affinity. No conditions, in which the degree of cytosine protonation is
footprints were evident when these experiments were re-much reduced, both oligonucleotides produce DNase |
peated at pH 7.5, as previously shown for oligonucleotides footprints. The footprinting plots are shown in Figure 5, and
containing three or four'Epropargylamino-dU residues. the Gy values are presented in Table 1. It can be seen that

The first two panels of Figure 4 show the results of similar there is little decrease in affinity for the four-substituted
experiments with oligonucleotides containing three or four oligonucleotide between the two pHs. It is clear that that
bis-amino modified bases, performed at pH 5.0. It can be the bis-amino derivative produces a large increase in triplex
seen that both oligonucleotides generate clear footprints atstability which is much greater than that generated by either
the target site, which are accompanied by enhanced cleavagsubstitution alone.
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0 10 20 Table 2: Tr, Values for the Different Oligonucleotides Determined
from UV-melting Studies

oligonucleotide concentration (uM)

Ficure 5: Footprinting plots showing the interaction of oligo- T (K)

nucleotides with the target site iyr T(43—59). The data were taken pH oligo 1 oligo 2 oligo 3 oligo 4

from quantitative analysis of the gels presented in Figures 2 and 3.7 ¢ 5 334.9 326.8 3353 343.0
In each case, the abscissa shows the oligonucleotide concentration g'q 335.9 373.6 337.0 3439
(uM), while the ordinate shows the relative intensity of bands in 7 3345 3208 3375 3437
the footprint, plotted on an arbitrary scale. The curves fittedtothe g 335.2 314.7 338.2 340.1
data are simple binding curves corresponding to thgv@lues 9.0 335.0 335.0

shown in Table 1. In each case, the open circles correspond to the
reduction in intensity seen at the footprinting site, while the filled . .
circles correspond to the enhanced cleavage observed at the tripletfiplex—duplex and duplex-single strands. The lower transi-
duplex junction. tion moved to lower temperatures at elevated pHs presumably
due to partial deprotonation of the propargylamino side
UV Melting StudiesUV-melting curves were determined  group. In contrast, the complexes containing two amino-
for oligos 5-8 (Figure 1C) containing the sequences-A ethoxy-T or bis-amino-U residues showed only a single
Te—XsT. These oligonucleotides generate short intramolecu- melting transition under all conditions. THg, values for
lar triplexes in which the three strands are covalently linked oligo 3 are fairly constant across all the pHs, whereas oligo
by octanediol residues. We have shown that at pH 7.0 (504 shows a decrease in stability above pH 8.0, though this is
mM sodium phosphate buffer, containing 100 mM NaCl) less pronounced than with oligo 2. At low pHs, the
oligonucleotides in which X= T or UP melt with a single bis-substituted oligonucleotids B K more stable than the
transition at 314 and 335.5 K, respectiveB2(. When X oligonucleotide substituted with only aminoethoxy-T, and
was replaced with aminoethoxy-T or bis-amino-U, this again melts at temperatures above that of the underlying duplex
yielded single melting transitions at 332.5 and 336.8 K, (oligo 1). These results therefore confirm that bis-amino-U
respectively. These results demonstrate that both analoguegroduces a marked increase in triplex stability which is
stabilize this intramolecular triplex and suggest that the rank greater than that produced by either thefopargylamino
order of stabilization might be aminoethoxy<T propragy- or 2-aminoethoxy substitution alone.
lamino-dU < bis-amino-U. However, we were concerned Fluorescence Melting Cues.Although the UV-melting
that the more stable duplex-single strand might affect or maskresults presented above confirm that the bis-amino-U sub-
the triplex—duplex melting transition. We therefore designed stitution enhances triplex stability, it is difficult or impossible
further oligonucleotides in which the duplex is seven base to distinguish between the triplexduplex and duplexsingle
pairs longer than the triplex (oligos—2) in an attempt to  strand transitions. We have therefore devised a novel
separate the duplex and triplex melting transitions. Repre- fluorescence-based method, the full details of which pre-
sentative melting curves for these oligonucleotides are shownsented elsewhere have bedd)( which allows us to observe
in Figure 6 and the full range of data are summarized in these two transitions independently. The oligonucleotides
Table 2. So as not to stabilize the triplex too far, only two used for this work are presented in Figure 2E and each
out of the six thymines were substituted with the base contain a fluorophore (F, fluorescein) and quencher (Q,
analogues. The data for the unmodified anfdddntaining methyl red) positioned so that they are in close proximity,
oligonucleotides have been previously present@j 82). and the fluorescence is quenched when the oligonucleotide
As expected oligo 1, corresponding to the duplex, melted folds into an intramolecular triplex. When the oligonucleotide
with a single transition at all pHs witfi,, values of around  melts these two groups are separated, and there is a large
335 K. Oligo 2 (corresponding to P2 in our previous work increase in fluorescence. Oligonucleotidedl2 are designed
(32) displayed two melting transitions, corresponding to with the fluorophore and quencher in third strand and duplex
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pH range. Interestingly, oligo 13, in which the two modified
bases are placed adjacent to each other, shows nearly
identical melting properties to oligo 12 in which they are
separated by one base.

duplexes

DISCUSSION

The data presented in this paper clearly demonstrate that
dU bases containing both-aminoethoxy and 'Spropargy-
lamino substituents form much more stable triplexes than
those containing either substitution alone. This stabilization
is observed with both intermolecular (footprinting) and
intramolecular (UV and fluorescence melting) complexes.
0 30 370 The fluorescence melting experiments show that 5-propar-
' ' ' ' gylamino and 2aminoethoxy substituents have an additive

290 310 330 350 370 X ‘ , oo
Temperature (K) effect in the bis-substituted derivative. The data at pH 7.0

A ) ) _ . . (Table 3) show that Bor EA-T modifications producéTy,
IGURE 7: Fluorescence-melting curves for oligonucleotides which . . .
form intramolecular complexes, measured at pH 7.0. In each case Y&lues of 27.1 and 12.5 K, respectively. This compares with
the oligonucleotide concentration was 0,28 unmodified, pro- 42.4 K for the bis-amino derivative, which is slightly greater
pargylamino, aminoethoxy, and bis-amino correspond to oligos than the sum of the other two. The additive effect of the
S ot hmcons 5 & eion ot et T Aepenes o substutions suggests thl ihese roups are contacing
correspongto oligos 14 (right-hand curve) aFr)ld 16. The inset ghowsd'ﬁe.rent pho_sph_ates_. It is also noteworthy that the bis-
first differentials of these data. modified derivative is less pH dependent than the other
derivatives though, as expected, the stability decreases above
purine strand, respectively, so that the increase in fluores-pH 8.0, consistent with amino-phosphate interactions.
cence will represent dissociation of the triplex. In contrast,  The footprinting studies show that a 9-mer oligonucleotide
oligos 15 and 16 form the same intramolecular triplexes, but containing four bis-amino-U residues forms a complex with
the fluorophore and quencher are positioned in either strandsubmicromolar affinity even at pH 7.5, despite the fact that
of the duplex, so that the fluorescence increase representshis contains a single GC triplet. This is therefore one of
melting of the duplex only. Oligo 14 only contains the duplex the strongest parallel triplexes reported so far.
found in the other triplexes. Melting experiments with these  To explain the stabilization produced with bis-amino
oligonucleotides were performed in parallel using the Roche derivative, we have performed some simple modeling studies.
LightCycler. Representative examples are shown in Figure A section of the resulting structure is shown in Figure 8.
7, and theT, values are summarized in Table 3. Considering This model was derived by manually adding a 5-propargy-
first the unmodified triplex (oligo 9), this melts with &, lamino group to the NMR structure of the EA-T containing
between 301 and 309 K. In contrast, the duplex melt for triplex, which has previously been reportegi7( 38). No
this intramolecular triplex is seen with oligo 15 and is about energy minimization was performed. A section of this model
350 K. This is very similar to the values obtained for the is presented in Figure 8, showing th&-& Hoogsteen pair,
duplex alone (oligo 14). Oligos 1012 show the effect of  together with the third strand T on thé-&ide of U”. As
substituting two of the third strand Ts with the three different previously reported 37, 38), the 2-aminoethoxy group
base analogues. All three triplexes melt at much higher makes a specific contact with a phosphate on the purine
temperatures than the unmodified complex. In general, thestrand of the duplex, with anNO distance of about 2.8 A.
complexes with propargylamino-dU are more stable than The amino group of the propargylamino substituent is able
those with 2-aminoethoxy-T. The bis-amino-U modification to interact with its own 5phosphate with an NO distance
produces the most stable complexes, which melt at temper-of 3.0 A. In addition, there is a possible hydrophobic contact
atures similar to that of the underlying duplex, confirming between the propyne moiety and the 5-methyl group of the
the cooperative nature of this melting process. As expected,adjacent third strand base (2.4 A). The propargylamino group
oligos 10 and 11 show pH-dependent melting profiles, is also 4.7 A from the next third strand phosphate group.
becoming less stable at elevated pHs, with 9.1 and 6.5 K On rotating by 50 about the propyne CHyroup, both N-O
decreases between pH 5.0 and 8.0, respectively. Althoughphosphate distances become 4.2 A, though this is too large
bis-amino-U also shows a pH-dependent decrea3g this for a strong ion-pair interaction. Both contacts may be
is less pronounced, with only a 4.0 K decrease over the samepossible if minor changes occur in the structure of the

propa;éylamino

% Fluorescence
!

// his-amir}i')

Table 3: T, Values for Various Oligonucleotides Determined by Fluorescence Melting Studies

Tm (K)
pH oligo 9 oligo 10 oligo 11 oligo 12 oligo 13 oligo 14 oligo 15 oligo 16
5.0 308.6 3335 321.0 346.9 346.5 348.3 348.1 348.2
6.0 303.6 331.2 3175 346.7 346.0 351.0 349.9 350.5
7.0 303.3 330.4 315.8 345.7 345.2 351.3 351.1 350.4
8.0 303.4 3244 3145 342.9 342.7 351.3 351.1 350.5
9.0 301.0 307.5 304.7 3255 325.3 347.6 347.2 346.5

aThe oligonucleotide concentration was 029 in each case.
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Ficure 8: Models showing possible interactions formed with the bis-amino derivative. (a) A top view looking down the helix axis, while

(b) and (c) are side views. For each view, the bis-amino-dU residue is shown in yellow with its propargylamino group in orange. The amino
group is shown as a blue sphere interacting with its owph®sphate group (oxygen in red). The amino group from thenfinoethoxy

moiety is also shown as a blue sphere interacting with a phosphate from the purine strand of the duplex (in purple). The adenosine which
is Hoogsteen bonded to the bis-amino-U is shown in purple. The T on'tbidé&of U is shown in green. Putative hydrogen bonds and

ion-pairs are shown as white dotted lines.

underlying DNA. However, a definite model will require

of a B-propargylamino group will not be beneficial as it will

high-resolution NMR or X-ray data. The interaction of the decrease thelf of the N(3) atom of cytosine. This base
5'-propargylamino group with phosphate on the same strandanalogue will therefore be unable to form two hydrogen
suggests that this substituent may restrict the rotationalbonds to the GC base pair.

freedom of the third strand and help to preorganize it ready
for triplex formation.

It is worth noting that, even though the stabilization arises
from charge effects, the third strand oligonucleotides form
specific complexes and their sequence recognition properties
are not obviously affected. This is apparent with the
footprinting data for which the footprints are found in the
predicted positions, and there are no other changes in the
cleavage pattern in the remainder of the 100 base pair
fragment.

In contrast to C-GC triplets, adjacent bis-amino-U-
containing triplets do not appear to be destabilizing. This
emphasizes the importance of removing the positive charge
from the bases and placing it on a substituent that is able to
neutralize the negatively charged phosphodiester backbone.
Since each base triplet is connected to three phosphates, the
X-AT triplets formed with this analogue will still have an
overall net negative charge. This strategy of appending
positively charged moieties to the DNA bases at specific loci
should be generally applicable to the triplex strategy, and
we are extending it to other bases. The addition of 2
aminoethoxy to C has been previously shown to stabilize
the C™-GC triplet 35, 37), though in this instance addition

2.

3.

4.

7
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