13004 Biochemistry1997,36, 13004-13009

Bimolecular DNA Triplexes: Duplex Extensions Show Implications for H-Form
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ABsTRACT:. H-form DNA has recently been shown to be biologically relevant by its involvement in the
process of homologous recombination [Kohwi, Y., and Panchenko, Y. (1888gs De. 7, 1766~

1778]. A bimolecular DNA triple-stranded structure (triplex) is central to the formation of H-form DNA.
Understanding the formation and factors governing the stability of such bimolecular triplexes is necessary
to fully elucidate the structure/function relationship of H-form DNA. In this study, we extend known
information on bimolecular triplexes by examining the effect of a variable CNC base triad (where N

A, C, T, or G) on a 10 base triad triplex that mimics the triplex motif in H-form DNA. We also examine
the effect that a duplex extension of four base pairs has on triplex stability and selectivity for the base N.
Results from thermal denaturation experiments indicate that the fully complementary triplex is more stable
than its duplex counterpar\lT,, = 13 °C) and is resistant to degradation by bovine spleen phosphodiesterase
for at least 24 h at 18C. A single-base mismatch in the purine strand of the triplex structure is destabilizing
(ATm = ~20 °C), and all structures containing a mismatch were readily degraded by bovine spleen
phosphodiesterase. An extension of four duplex base pairs onto the triplex structure affects the stability
of the DNA complex and may have implications relevant to H-form DNA.

Understanding the function of DNA structures in biology =~ Bimolecular triplexes are of particular interest because a
and the development of oligonucleotide-based biomolecular bimolecular triplex is central to the formation of H-form
tools requires a clear understanding of the properties andDNA (1). H-form DNA is formed under superhelical stress
limitations of such structures. Considerable work has beenfrom partially unwound duplex DNA where one strand folds
devoted to characterization of the canonical DNA duplex, back to interact with the remaining duplex, forming a triplex
but other structural forms of DNA have been less thoroughly structure. Although H-form DNA was initially observéual
studied. In recent years, interest in understanding triple- vitro, it has been recently shown to exist vivo (8).
stranded DNA structures (triplexes) has increased becausd&xperiments have also implicated H-form DNA as being
of the presence of triplexes in H-form DNA and sequence- involved in the process of homologous recombinatig (
specific recognition of duplex DNA by oligonucleotides H-DNA can enhance recombination frequencies, and the
resulting in triplex formation 1, 2). stability of triplex structures may play a role in affecting

A DNA triplex is formed when a DNA strand occupies this process. Itis also reasonable to propose that the stability
the major groove of a DNA double helix, associating with ©f H-DNA and concomitant triplex structures will affect
the purine-rich strand of a Watserick duplex. The  DNA polymerization by blocking transcription. The role of
orientation of the third strand can be parallel or antiparallel H-form DNA in these biological processes remains to be
to the purine duplex strand, and the association of the basedU!ly understood.
in the third strand with the purines in the duplex is through  Interest in triplex DNA is not limited to elucidating its
Hoogsteen or reverse-Hoogsteen hydrogen bonds, dependingiological role. The design and manipulation of nucleic acid
on the base triplets forme8)( Triplexes were initially found  structures is now viewed as a way of producing molecular
to form from three separate strands of oligonucleotidi¢s (  tools with remarkable specificity and affinityl@, 11).

To date, the termolecular form of the DNA triplex is the Dervan and Moser first showed that the triplex DNA motif
most studied triplex form, but other forms of triplexes do could be used for sequence-specific strand cleavage (
exist (see ref 5) for a comprehensive review). Intramolecular Other examples of using a triplex to act as a sequence-
triplexes formed from a single strand of DNA are also known specific nuclease have expanded the possible DNA cleavage
and have been examine@)( Bimolecular triplexes formed  sites beyond known restriction enzym@g)( Triplexes have
from two strands of DNA are also possiblé),(but few also been shown to block DNA and RNA polymerases at
examples have been reported despite their relevance as #rgeted sites, inhibiting replication or transcription processes
model system for H-DNAn vivo. (13—20). The ability of triplexes to block DNA polymerases

is of interest in the development of anti-gene therapeutics
(reviewed in ref21).
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the relative stability of mismatches in termolecular triplexes A

at pH 5.6 showed some important differences in the thermal

stability of triplet motifs (26). Biologically relevant bimo- c
lecular triplexes have been less studied. To extend this &-T-T-T=T-T-C-T-T-T-T" "4
information, we examine the stability and selectivity of small ;

; : - ; 3-T-T-T-T-T-C-T-T-T-T_ _A i
bimolecular triplexes similar to that seen in H-form DNA. c” X-A-A-A-A-A-N-A-A-A-A

In addition, we examine the effect of extending the duplex 1 2

region of a triplex on the stability and selectivity of the B

triplex.

EXPERIMENTAL PROCEDURES \
U, Y o —2— 1

Thermal Denaturation Studies Thermal denaturation
experiments used a Varian-Cary 2200 UV/VIS spectropho- ] o
tometer equipped with thermostatable sample and referencegzﬁquoﬁgct‘lar(ﬁ)iplse(i%g.er)'(cczsn %fe Zﬁlﬁerqggfgmar?&'sl\lszmg?/é? é?rm
bases, a Neslab EN-150 Flowthru cooler, and a Neslab EX-or T (B) Proposed formation of duplex and triplex structures from
100 excal bath circulator equipped with an ETP-3 temper- 1 and2.
ature programmer. All DNA oligomers were purchased from
Operon Technologies Inc. and examined by HPLC for purity. United States Biochemical) was added to each sample, and
Samples for thermal denaturation experiments contained athe reactions were incubated at A0 for 24 h. Reactions
1:1 ratio of each oligomer<2.5uM each unless otherwise  were stopped, and DNA was desalted using DuPont NEN-
noted). Also present was 50 mM M#PO,, 10 mM MgCl, SORB-20 columns. The desalted DNA was lyophilized and
50 mM NacCl, and 2 mM EDTA at pH 7.0. All samples then 3-end labeled using T4 polynucleotide kinase and
were annealed by heating them to 80 for 10 min and [y-*2P]JATP. The labeling reaction was done at 85 for
then allowing them to gradually cool to room temperature. 24 h to maximize incorporation 6fP. Each sample~2 x
Samples were added to a 1-cm path length 1.5-mL quartz1C® dpm) was lyophilized and resuspended jul50f loading
cuvette and placed in the spectrophotometer set to dual-beanbuffer (50:50, 40% sucrose:formamide). The samples were
optical mode. A cuvette containing only buffer was used incubated at 60C for 10 min, and the reaction products
as the reference. The samples were cooled to startingwere separated by electrophoresis on a denaturing 19%
temperatures at a rate 6fL.5°C/min. The spectrophotom-  polyacrylamide gel alongside DNA size markers. DNA
eter was purged with dry Nat temperatures below PC to bands were visualized by autoradiography using Amersham
protect against condensation. Thermal denaturation curvesHyperfilm-MP.
were obtained by recording the absorbance at 260 nm at 10-s
intervals as the temperature was ramped at@/thin (~200 RESULTS
data points/curve). Data was collected on a Varian DS-15 Design of Bimolecular Triplexes Oligonucleotide 1

data station. The temperature was monitored in the blank g re'1A) was designed to contain a mirror repeat linked
and checked periodically in the sample cell using a portable by a five nucleotide loop. One half dfcan form a standard

digital thermometer. After the first thermal denaturation antiparallel duplex with single-stranded target containing
curve, samples were cooled in the spectrophotometer bac equence. The other half ofl is proposed to fold back
to the starting temperatures, and the thermal denaturationy g pind to the major groove of tHe2 duplex, forming a
process was repeated-2 times for t_aach sample. Me_lting triplex structure mimicking H-form DNA (Fig’ure 1B)J.
temperature) values were determined from the maximum  pe jinking nucleotide loop was chosen to be five nucleotides
of the first derivative of absorbance versus temperature j, jangth since it has been demonstrated by Kool and Prakash
curves. Reportedl, values are the average of all replicates ¢ 5 five nucleotide loop is the desired length for triplex
for a given sample. All samples displayed sharp, apparentlybinding to single-stranded DNA28). Sequence2 was
two-state transitions upon melting unless otherwise noted. .\, sen for study because it has a minimal length for
Thermodynamic Parameters=ree energies of duplexes obtaining a stable duplex structure, and it is a simple example
and triplexes were determined froH and AS values having sequence nonsymmetry. The nonsymmetry of se-
extracted from the thermal denaturation curves using the quence? allowed the formation of a duplex with thé-3r
method of Petersheim and Turné7). Free energies are  5'-half of 1 to be studied by altering the sequence direction
listed wherever a good fit by the method was achieved. The of 2 (53 or 3—-5).
fitting was limited by the quality of the lower temperature  Sability Studies Thermal denaturation experiments were
limit data in some cases. used to examine the stability and selectivity of bimolecular
Exonuclease Clamge Samples of proposed triplexes triplexes of the form indicated in Figure 1. Clearly, triplex
were prepared by mixing 50 pmol of each strand in gldH formation is destablized by a mismatch at either of the
Each sample was then lyophilized and resuspended in 29Watsonr-Crick strands or the Hoogsteen strand. It was of
uL of 0.5 M ammonium acetate (pH 6.5). Samples were interest to begin these investigations with mismatches only
incubated at 60C for 10 min and allowed to cool over time in the central DNA strand because it would have the potential
to anneal them. The samples were then cooled toCLat to impact both the WatsoerCrick and Hoogsteen interac-
a rate of 1°C/min in a Fisher Scientific Isotemp refrigerated tions. Biologically, this could occur in H-DNA in the
circulator (Model 9500). Samples were then allowed to absence of effective DNA repair and would be expected to
equilibrate at 10C for 15 min. One microliter (0.05 U) of  have the most dramatic impact on triplex stability. Other
phosphodiesterase 1l (bovine spleen phosphodiesteraseimportant biological roles for this type of triplex mismatch

1
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Table 1: Structures, Melting Temperatures, and Thermodynamic

Properties of3—9?2

Mundt et al.

It is well known that the CGC maotif is more stable at lower
pH (~5) when the N(3)-nitrogen of the cytidine in the third

5-A-A-A-A-A-G-A-A-A-A parallel strand is protonated allowing for tighter Hoogsteen
-T-7-T-T-T-C-T-T-T-T binding 36, 37). This suggests that the weakest base
3 association in5 would be the central CGC and that
T T T T oG T ToToT 5‘-T-T-T-T-T-C-T-T-T-T’C\A‘ mismatches at this positi'o.nlwould primarily. decrea}se the
S AA-A-AA-GAA-AA  KA-A-AAAN-AGALALAL G binding energy by destabilizing the Watsoe@rick portion
8 T-ToT=T-ToC-T-T-T-T S0 17T-T=T-C-T=T-T-T, _A of this triplet motif. This situation is analogous to the
4 5.9 formation of H-form DNA in a duplex mismatch region
where the mismatch is in the purine strand. Substitution of
enty X N  Tn(°C)  ATe’(°C) AG°y (kcal/mol) each of the three other bases for &8, Table 1) in the
3 22.4+4 0.3 12.8 —4.71+ 0.29 central strand resulted in a dramatic drop in e (~20
4 22 13 °C). The difference inl, between5 and the mismatched
2 g E fggi 8? 102 —1.57£0.02 triplexes 6—8, Table 1) is a measure of the selectivitylof
7 5 C 162403 190 for its target sequence. THET,, values indicate that can
8 5 T 121407 23.1 tolerate either a CAC or CCC triplet more than a CTC triplet.
9 3 G 372402 —8.174+0.12 These results are similar to those seen for bimolecular

a Melting temperatures were measured and thermodynamic propertiestriplexes formed from a circular single strand of DNA and
calculated as described in Experimental Procedures. Values are listeda single strand targe88). The T, data support the idea

as meantSD. P ATy, = T(5) —

Tm(#).

that the cooperative binding of the bimolecular triplexes
studied allows for the sequence to be read twice even for a

could include differential regulation of gene expression by ~gc triplet at pH= 7.

blocking transcription.

In addition, it has recently been
shown that triplex formation can lead to enhanced mutation

rates and may be a source of genetic instabiltg, 30).

Table 1 describes the series of complementary and singly-5 was reversed 9 so that the Send of the target strand
mismatched target strands incubated wittand lists the

average T, determined for each pairing from thermal
denaturation experiments. Dupl&xand the termolecular

Target Sequence Orientatiormhe orientation of the target
strand with respect to the loop regionbfvas examined by
thermal denaturation. The sequence of the target strand in

was facing the loop bases instead of thee8d. TheT,, of
9 was slightly higher than th&,, of 5 (Table 1), indicating
that either end of the target strand could be accommodated

triplex 4 were also examined for comparison to the bimo- 1, yhe hases in the loop. A slight increase in the stability

lecular triplexes. Melting experiments on the termolecular
triplex 4 gaveT,, values within experimental error of those 5

observed for the correspo

micities on melting of3 and4 were consistent with a two-
state transition from duplex to single-stranded DNA $or

nding dupl&x The hyperchro-

and triplex to single-stranded DNA fat. Similar results

have been reported previously for other termolecular triplexes

melting at high ionic strength and low pH (pH 5.8) 31).

In contrast, triplex loop motib gave a significant increase

in T, (AT, = 12.8°C) over that of duplex, corresponding
to a AAG37(5—3) = —2.87 kcal/mol 7). The hyperchro-

micity on melting of5 was 21%, consistent with a two-state
transition. The apparent two-state nature of the melting of
5—9indicates that these bimolecular triplexes show coopera-

tive binding @2).
Due to the unusual stabi

lity of triple, the enthalpy and

of H-form DNA and other bimolecular triplexes with the
-end facing the bridging loop bases has been reported
previously by others39). The origin of this difference in
stability has yet to be explained in detail.

Exonuclease StudiesThe thermal denaturation studies
used to probe the triplexes proposed above only provide a
macroscopic view of structure. The possibility existed that
unusual motifs other than triplexes could be occurring. It

was of interest to examine the proposed triplexes above and

correlate the structures with the observed thermal denatur-
ation data. The triplexes proposed in Table 3 were designed
to take advantage of the phosphodiester cleavage properties
of bovine spleen phosphodiesterase (BSP). BSP is an
exonuclease that sequentially cleaves the phosphodiester
backbone of single-stranded DNA in the-%' direction.
Triplexes10—13 are similar to5—8 except that the central

entropy of triplex5 was examined in more detail. Table 2
shows the results of examining how the concentration of

triplex 5 changes the temperature of thermal denaturation. end facing the loop bases were used in this study so that the
AH, AS _and AG® values were determmed. from the Hoogsteen region of the triplex, if unbound, would be
denaturation curves by the method of Petersheim and Tqmerdegraded by BSP, and the extended region of the target strand
(27). The thermodynamic parametgrs were also d‘":‘term'nedcould be used as an internal standard to assess the activity
by plotting 17T, versus InCr according to of BSP. Thermal denaturation studies Iff indicated no
1T, = (RAH°) In [C,] 4+ (AS — RIn 4)/AH° significant difference inf, from that of5. All phosphodi-
esterase experiments were done in 0.5 My8ACc, pH 6.5,
whereC;y is the concentration of each strar@B(34). The to optimize enzyme activity. Thermal denaturation studies
experimentally determined values for the binding energetics of 10done in 0.5 M NHOAc, pH 6.5, indicated th&,, was
of 5were in reasonable agreement between the two methodsnot significantly different than that previously determined
It should be noted that the enthalpy and entropy valuesin phosphate buffer. Exonuclease experiments were per-
observed for5 at pH 7 are similar to those previously formed onl10—13(Table 3) as described in the Experimental
reported for a comparable bimolecular triplex at$+5 (35). Procedures. Figure 2 is of the denaturing 19% polyacryla-
Mismatch StudiesThermal denaturation studies were also mide gel showing the results of the experiment. The gel
used to examine the selectivity dffor its target sequence. illustrates thatl1—13 are degraded and only0 appears to

target strand has been extended by six bases in the 5
direction beyond the triplex region. Triplexes with thie 3
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Table 2: Melting Temperatures and Thermodynamic Properties for Concentration Sesfes of

Cr (uM/strand) Tm (°C) AH (kcal/mol) AS(e.u.) AG°37 (kcal/mol)
12 34.7+£ 0.2 —100+ 2 —297+ 8 —8.28+ 0.10
35 35.2+ 0.4 —119+9 —3594+ 29 —7.57+£0.02
39.3 39.2+ 0.3 —-111+1 —334+1 —7.36+ 0.03
103 40.2+ 0.1 —106+1 —318+ 6 —7.36+ 0.05
average —110+£5 —331+ 16 —7.63+0.22
from 1T vs InCr —144+ 15 —438+ 44

aMelting temperatures were measured and thermodynamic properties calculated as described in Experimental Procedures. Values are listed as

mean=+SD except for averages, which are listed as me&t.

Table 3: Structures af0—13

Table 4: Structures and Melting Temperatures 418
5-T-G-T-A-G-T-A-A-A-A-A-G-A-A-A-A

§-T-T=T-T=T-C-T-T-T-T7 ~A 3-A-C-A=T-C-A-T-ToToT-T-C-T-T-T-T
5.T-GoT=A-G-T-A-A-A-A-A-N-A-A-A-A C
3 -T-T-T-T-T-C-T-T-T-Tsc'A' 14
c
10-13 §eTuT-TaT=T-C-T-T-T-T" ~A
5+T-G=T-A=G-T-A-A=A-A-A-N-A-A-A-A c
3.C-A-T-CoA~T-T-T-T=T-C-T-T-T-T
entry Y sooh
10 G 15-18
11 A
12 C entry Y Tm (°C) entry Y Tm (°C)
13 T 14 453+ 0.1 17 C  283+03
15 G 43.9+ 0.7 18 T 32.6+0.7
1 2 3 4 5 6 7 16 A 31.6+0.3

a Melting temperatures were measured as described in Experimental
Procedures. Values are listed as messD.

single-stranded extension affects the stability of H-form DNA
and other bimolecular triplexe28, 40, 41). The effect of
duplex DNA extending beyond the triplex region on bimo-
lecular triplex formation has previously not been examined.
The effect of a duplex extension on triplex formation was
examined by thermal denaturation studies. The triplexes in

”a§§? Table 4 were designed to have identical triplex regions to
' triplexes in Tables 2 and 3. It was expected that the duplex

region would have little or no effect on the formation and

. stability of a bimolecular triplex, based on the formation of

16- . a triplex in H-form DNA. Table 4 and Figure 3 indicate
that the duplex extension had a significant effect upon the

_ stability of the triplex studied. The fully complementary

10- . e - . triplex 15 showed little difference iff,, from that of duplex

Ficure 2: Autoradiogram of the 19% denaturing polyacrylamide
gel obtained after reaction of oligonucleotide complet@s-13
with bovine spleen phosphodiesterase for 24 h at°COand
subsequent labeling with T4 polynucleotide kinase anéfP]ATP.
Lanes -3 are DNA size markers of 10, 16, and 25 bases,
respectively. Lanes47: lane 4,11; lane 5,12, lane 6,13; and
lane 7,10.

14 although the thermal denaturation curvel&findicated

only a single transition and the hyperchromicity was
consistent with two-state behavior (Figure 3). Figure 3
indicates that the introduction of a mismatch into the triplex
results in non-two-state melting behavior. Both the thermal
denaturation traces o016—18 and their respective first
derivatives indicate the presence of two transitions. It is
assumed that the lower of the two transitions corresponds
to the melting of the Hoogsteen strand and that the upper
transition corresponds to the melting of the remaining duplex.
The T, values for the upper transition are listed in Table 4.
The Ty, values for the lower transitions of the mismatched
triplexes are not listed as the lower transition could not be
measured accurately. Exonuclease experiments performed
on 15 confirmed the stability ofl5 indicated by the thermal
denaturation experiments (data not shown). The exonuclease

be resistant to cleavage by BSP. These results are consistergxperiment results showed some degradation of the Hoog-

with the thermal denaturation data indicating the instability
of a bimolecular triplex with a mismatch.

Duplex Region Extensionsin H-form DNA, single-
stranded and duplex DNA extend beyond the triplex region.
Interactions between the loop region of the triplex and the

steen portion olL5, resulting in a faint band at 30 bases, the
intact strand, and a distribution of band42—16 bases in
length.

The duplex extension also altered the order of selectivity
for the variable base N ih5—18 as compared with selectivity
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A Pttt Watson-Crick and Hoogsteen interactions. It has been
134+ )7,,\7..\7--%V + reported that H-form DNA can form even with the presence
C ’ ; of a mutation that disrupts the Hoogsteen or WatsGrick

T 12l + region of the triplex, although the mismatch significantly

% 1 destabilizes the structurg,@3). It has yet to be determined

jé' 111 + whether H-form DNA can form in the presence of a transition

g ] or transversion mutation in the target strand.
g 1T T Effects of Duplex Extension on Triplex Stabilityrhe
< . ] results in Table 4 indicate that the presence of an extended
08— T duplex region abolishes the energetic enhancement provided
] by the formation of a bimolecular triplex. The similarity of
0.8 T s A 30‘ A 5 A Tm values between the dupledd and the triplex15 is in
contrast to theAT,, of 13 °C seen between dupleXx and
triplex 5 that favors the formation of a bimolecular triplex.

B 0.08 In addition, exonuclease experiments ®and 15 indicate
0.07.E that 15 is more susceptible to attack by BSP than The

; comparable stability of a duplex versus a duplex/triplex
0.06 + chimeric structure has also been reported by others, but
0.05-F comparison with a similar triplex-only structure was not

s 004_5_ examined 7).

A The reason for the lack of enhanced stability in a duplex/
0.0+ triplex chimeric structure is not entirely clear. The difference
0.02-F between5 and 15 of only an additional four base pairs in

; the duplex region suggests that the additional duplex base

0.01 - . . ; :
: pairs restricted the available conformational states so that
0 0‘ : previously accessible geometries of the duplex region were

made inaccessible. As evidenced by the limited number of
_ ) commonly seen stable forms of duplex DNA, it is reasonable
Ficure 3: (A) Thermal denaturation traces &#—18. (B) First to assume that there are only certain regions of conforma-

derivative traces of thermal denaturation traces ¥é+18. The . .
traces are offset for clarity, and the conditions are described in tional space where triplexes are stable as well and where

Experimental Procedures. Symbol definitiong) (4, (O) 15, () bimolecular triplexes are more stable than structurally similar
16, (») 17, and () 18. duplexes.

] o o Table 4 also indicates that the presence of a duplex
for N seen in5—8. Table 1 indicates the selectivity for N extension alters the order of stability of structures containing
in5-8is G> C=A > T. The addition of four base pairs 3 cNC mismatch¥5—18) as compared with similar struc-
in 15-18 changes the selectivity for Nto 6§ T= A > C tures without a duplex extensioB<8, Table 1). This effect
(Table 4). The selectivity shown f5—181is the same as may pe due to the restriction of conformational states for
that exhibited by a series of simple duplexes with a CN base tripjex or duplex structures and may reflect a competition
pair (38). The similarity in mismatch preference between that diminishes favorable interactions depending on the
15—-18and duplex DNA could be interpreted to indicate that length of duplex and triplex for an H-form DNA segment.
the combination of the duplex extension and a mismatch The observation that the order of stabilityXS—18 parallels
present in the triplex region may completely destabilize that for a similar series of duplexes indicates that the
triplex formation. combined effect of the duplex extension and the introduction

of a mismatch into the triplex region may completely

DISCUSSION destabilize triplex formation38). Alternatively, thermal

Effects of Mismatches in Bimolecular TriplexeEable 1 denat.uration experimen.ts on termolecular triplexes that
displays the effects of a CNC triplet mismatch in the contained duplex extensions have shown that trlplet_r_’nonfs
bimolecular triplex studied. This is presumably similar to Other than the cononical forms could show significant
the formation of H-form DNA in a region of DNA containing ~ Stability. For example, at pH 5.6 (1 M NaCl) CGC in the
a single transition or transversion mutation in the purine Middle of a 13 nucleotide triplex was shown to be of similar
strand of the triplex. The results presented here indicate thatStability to TGC, where TG was the mismatched Watson
a mutation is extremely costhATm = ~20 °C) in terms of Crick pair. Thus, the mterplgy between juxtaposed duplex
stability. This is significant since H-form DNA has been and triplex sequences remains to be fully understood.
shown to formin zivo and may be involved in the process The results presented here do not reveal if the effect of
of recombination §). The cost of mutations studied here the duplex extension on triplex stability is due to the length
are in agreement with mismatch studies done on similar of the duplex region or if it is a sequence effect. Clearly
bimolecular triplexes38). Taken together, thé&, values both the length and the sequence may play a role in the case
for all bimolecular triplexes studied to date indicate that the of biologically relevant H-form DNA, where an extended
cost of mutations in the target strand of a bimolecular triplex duplex region is always present. Although the idea of a
is greater than a mismatch in only the Hoogsteen or only sequence effect brings to mind the possibility of triplex
the Watson-Crick region of the triplex 8, 42). This is enhancer and repressor sequences, further research needs to
expected since mutations in the target strand can perturb bottbe done before conclusions can be made.

Temperature (°C)
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CONCLUSIONS

15.

Biochemistry, Vol. 36, No. 42, 199713009

Duval-Valentin, G., Thuong, N. T., and’léee, C. (1992)
Proc. Natl. Acad Sci U.SA. 89, 504-508.

The results presented here show that internal mismatches 16. Guieysse, A. L., Praseuth, D., Francois, J. C., afdrt¢e C.

of the form CNC, where N is any base other than G,
significantly affect the stability of the bimolecular triplex
studied. A single mismatch destabilizes the triplex examined
so that it becomes susceptible to degradation by BSP. The
fully complementary bimolecular triplex is resistant to BSP
digestion for at least 24 h. The results also indicate that a

duplex extension of four base pairs eliminates the enhanced 20-

stability of the triplex over its duplex counterpart. The
addition of four duplex base pairs was also shown to alter
the order of stability of studied triplexes with a CNC

mismatch. Finally, there appears to be a delicate balance 23.

for bimolecular triplex formation and stability that may be
important in the formation of H-form DNA and its role in
regulating biological processes.
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