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Intramolecular nucleic acid triplexes provide useful model
systems for studying the stability and structure of triple-stranded
DNA! and the interactions of various ligands with triple-stranded
DNA.192 |n addition, intramolecular triplexes may have
important biological functions in cellular DNA.We have found
that the stability of intramolecular DNA triplexes which have a
pyrimidine-purine pyrimidine binding motif depends strongly
on whether the Hoogsteen binding domain precedes or follows
the Watsor-Crick domains in the molecule. This could have
important implications for structural studies involving this type
of molecule.

Two oligodeoxyribonucleotides shown in Figurd (G -G-C)
and lI(C -G-C), where C is 5-methyldeoxycytidine, were
prepared. Both oligomers contain the same six base triads. In
oligomerl(C-G-C), the Hoogsteen binding domain is located
at the 5-end of the oligomer and the purine binding domain is
located at the '3end. OligomerI(C :G-C) contains the same
order of nucleotides d¢C -G-C), but the polarity of the strand

is reversed, which places the Hoogsteen binding domain at the

3'-end and the purine binding domain at thHeehd.

The 1D proton NMR spectra (Figure 2) of both oligomers
are consistent with the formation of triplexes. Thus, resonances
with chemical shifts above 14.9 ppm and between 8.5 and 10.35
ppm are diagnostic of imino and amino protons, respectively,
of protonated 5-methylcytosine residues involved in Hoogsteen
hydrogen bond¥¢ Eleven of the 12 expected Watse@rick

and Hoogsteen imino protons are seen between 12.5 and 16
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Figure 1. Intramolecular triplexe$(X-Y-Z) and (X -Y-Z). In this
notation, X specifies the nucleotide in the Hoogsteen domain and Y
and Z are nucleotides in the purine-rich and pyrimidine-rich domains,
respectively.
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Figure 2. Imino and C amino region of the 500 MHz proton NMR
spectra of(C-G-C) andll(C -G-C). The NMR samples contained 0.75
mM I(C-G-C) or 0.55 mMII(C -G-C) in 10 mM sodium phosphate
(pH 6.5)°> 100 mM sodium chloride, and 90%,8/10% D,O. Spectra
were collected at 3C on a Varian Unit§us 500 spectrometer using a
symmetrically shifted pul$eto suppress solvent, with an excitation
maximum of 12.4 ppm, a 14 000 Hz sweep width, a 0.5 s acquisition
time, and 128 scans per spectrum. A° Zhifted sine bell window
function was applied prior to Fourier transformation and base line
correction.
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ppm. That the 5-methylcytosine imino proton of the terminal
C-G-C triad is not observed is most likely due to its rapid
exchange with solverit.

The stabilities of these two intramolecular triplexes are quite
different, as is apparent from the melting profiles shown in
Figure 3A. Oligomer(C-G-C) exhibits two distinct melting
transitions: the first, whos&, is 23°C, represents dissociation

(5) This is the lowest pH at which two distinct transitions can be seen
in the UV melting profiles ofl(C-G-C) andlI(C -G-C).
(6) Smallcombe, S. HJ. Am. Chem. Sod.993 115 4776-4785.
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Figure 3. Absorbancess temperature profiles of (A)C-G-C) or lI-
(C-G-C) and (B)I(U-C-G) or lI(U -C-G). Solutions containing 2ZM
oligomer in 10 mM sodium phosphate (pH &.8nd 100 mM sodium
chloride were heated at a rate of 0G/min.
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of the Hoogsteen domain and the second, whgsés 59 °C,
represents dissociation of the Watsea®rick duplex! Close
inspection of the melting profile of oligoméi(C :G-C) reveals
the presence of two transitions whose total hypochromicity is
slightly greater than that dC -G-C).” The T, for dissociation

of the Hoogsteen domain of this oligomer is 4Q, which is

18 °C higher than that of the corresponding transition in
I(C-G-C).

Further examination of the NMR spectra recorded 4C5
which is well below theT, for third strand dissociation (see
Figure 2), suggests thd(C-G-C) is less ordered thatl-
(C-G-C). Specifically the spectrum of(C -G-C) displays well-
resolved resonances of uniformly narrow line widths, whereas

(7) First derivative analysis of the data shows two maxima Wifkalues
of 40.9 and 52.5C.
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that of|(C -G-C) has generally broader line widths and multiple,

smaller resonances indicative of minor conformers. This, in
conjunction with the decrease in the total hypochromicity, is
consistent witH(C -G-C) adopting a less-ordered, more dynamic

structure.

Strand orientation plays a particularly important role in the
stability of intramolecular triplexes which contairJaC-G triad
such ad(U-C-G) andll(U -C-G). Thus, as shown in Figure
3B, oligomerl(U-C-G) does not form a triplex above TC,
whereas thely, for dissociation of the Hoogsteen domain of
(U -C-G) is 13°C.

Previous studies on bimolecular and circular triplex-forming
oligodeoxyribonucleotides have shown that the size and com-
position of the loops in these molecules can affect overall triplex
stability® In the present intramolecular system, the composition
of the loop connecting the two pyrimidine domains is the same
in both oligomers. However evidence for the role afldops
in stabilizing 11(C -G-C) can be found by examining the line
shapes of the imino resonances of the loop thymidines between
10.5 and 11.5 ppm. IH(C -G-C) the line widths of many of
the T, imino protons are as sharp or sharper than the imino and
amino base-paired resonances. This suggests that the loops are
as well-ordered as the rest of the structure and as such can
contribute to the overall stability of the triplex. In contrast,
the line widths of the Timino proton resonances ¢C:G-C)
are significantly broader, indicative of a more dynamic and less
stable structure. These differences in loop structure may be
due to different stacking interactions of the [bops because
in oligomerl the thymidines of the loop can stack on the 3
side of the Hoogsteen binding domain, whereaH ithey can
stack on the Bside. This difference in loop stacking orientation
may account for the remarkable differences in stabilities of the
two types of triplexes.

The above results demonstrate that strand orientation is an
important parameter to consider when designing intramolecular
triplexes for physical studies, especially those containing novel
base triads.
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