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We have incorporated pyrrolidino-C-nucleosides (pyrrolidino-pseudonucleosides) containing the base uracil and N-1-methyl uracil into
oligodeoxynucleotides and compared their thermal duplex and triplex stabilities with unmodified or pseudouridine-containing oligodeoxy-
nucleotides. We find relative destabilizations of triplex formation by ca. —=13 to -1 °C per modification (relative to thymidine) in a strongly
sequence dependent mode. Duplex formation is less destabilizing and more homogeneous with —4 to =2 °C per modification.

In our ongoing search for oligonucleotide analogues with that is recognized by the charged pyrrolidino nitrogen (Figure
enhanced binding properties to double stranded DNA, we 1). Distances between the nitrogen and fine-R-oxygen
became interested in triplex-forming oligonucleotides (TFOs) were expected to be in the range of 3.2 to 4.0 A, based on
containing pyrrolidino€-nucleosides. The design strategy for a recent X-ray structure of a partial DNA-tripléxThe
enhanced duplex target recognition was based on earlierC-glycosidic bond in the pyrrolidino nucleoside analogues
findings on 2'-aminoethoxy-modified TFOs. Here, dual is necessary to confer chemical stability and basicity to
recognition of the target purine strand via babase nitrogen. It has been shown previously that the aminal
interaction and via salt bridge formation between a phosphatefunction in pyrrolidino nucleosides is unstable unless the ring
residue and the charged aminoethyl side-chain was proposeadhitrogen is acylated.
to be responsible for the observed, strong increase in affinity We have already reported on the synthesis of the corre-
to DNA targetst This opened the way to interesting sponding nucleosides gy and dpyT, and the correspond-
biological applications. ing phosphoramidite building blocks, in which the pyrrolidino
We reasoned that a similar dual recognition could occur ring nitrogen is Fmoc-protectéd/Ve now incorporated these
with the pyrrolidinoC-nucleosides dpU and dpyT (Figure building blocks into oligodeoxynucleotides using standard
1) by recognition of an adenine base by the uracil or the solid-phase phosphoramidite chemistry on a DNA-synthe-
N-1-methyl-uracil (structural thymidine equivalent) base, and sizer. Coupling efficiences were typically97%. Standard
a nonbridgingpro-R-phosphate oxygen at position+ 1 ammonia deprotection led to the cleavage of all base and
phosphate protecting groups, including the base-labile Fmoc
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Table 1. T, Data (260 nm) of TFO-Melting from the Duplex
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Figure 1. Top: Chemical structures of the nucleoside analogues
under investigation. Bottom: Anticipated phosphate recogniton by
the protonated pyrrolidine ring nitrogen as modeled into a segment
of a DNA parallel triplex. Strand 2 denotes the purine strand and
strand 3 the TFO strand. The Watse@rick pyrimidine strand was
omitted for clarity.

aSingle strand concentration 1.2 uM. Buffer: 140 mM KClI, 7 r;nM
oligonucieotides were routinely analyzed by ESI-MS (see [HECH 02 T oGk B 00 farger e 7o 107
Supporting Information).

To investigate the triple-helix formation in the parallel
binding motif, we prepared the TFO 15-mers as well as their
double stranded DNA target 21-mer described in Table 1.
Thermal stabilities T, data) of triplexes were obtained from
UV-melting curve analysis at pH 6.0. At this pH the
pyrrolidino ring nitrogen is expected to be fully protonated.
NMR titration of the free nucleoside analogue/dprevealed
a pK, of 7.9 (Supporting Information). As expected, de- and
renaturation curves at the applied temperature gradient of
0.5 °C/min were not superimposable due to slow binding
kinetics. Table 1 summarizék, data determined from the
melting curves.

From inspection of the data in Table 1, two major
differences between the target affinity of the pyrrolidino-
containing TFOs relative to the unmodifed TFO become
apparent. First, the TFOs containingydp bind less ef-
ficiently to their target than TFOs containing the nonmethy-
lated dpyU. Second, there is a large sequence effect in target
binding, depending on the nearest neighbors of the pyrroli-
dino nucleosides (TFOk—3). Two dT as nearest neighbors
destabilize leastAT/mod ca.—1 to —5°C), a dC and a
dT unit intermediate AT/mod ca.—4 to —6 °C), and two
dC residues most (Affmod ca.—10 to—12°C). TheATy/
mod data seem to be additive, as fhg values of TFOs
with two or more pyrrolidino residues (TFQs-6) do not
dramatically deviate from the expected values, irrespective (6) Xodo, L. E.; Manzini, G.. Quadrifoglio, F.; van der Marel, G. A.;
of whether the pyrrolidino nucleosides are next to each othervan Boom, J. HNucleic Acids Res1991,19, 5625—31.

or spaced by 6 nt. Interestingly one exception is T&;Gn
which the five consecutive dgJ units are less destabilizing
than expected from th&T/mod data. The TFOs containing
deoxypseudouridine, dyU, behave similarly although the
corresponding triplexes are more stable compared with that
of the pyrrolidino TFOs, but in all cases less stable than that
of the unmodified reference TFO.

From the available data onyd) and dpyU it can be
concluded that both the sugar and the attachment of the base
contribute to the destabilizing effect observed for the
pyrrolidino TFOs, relative to a dT unit. An interesting and
unexpected finding is the discrepancy in triplex stability
between dpyT and dpyU containing TFOs. While it is
generally accepted that a methyl group in position 5 of the
pyrimidine nucleosides promotes triplex formation, due to
advantageous hydrophobic interactiénthe opposite is
encountered here. A possible reason for this behavior might
be a preference for the syn conformation of the base in the
pyrrolidino nucleosides due to intramolecular H-bond forma-
tion (Figure 2a). Accordingly, dpT would have to adopt
the less preferred anti-conformation, as in Figure 2b, to
recognize the target base adenine by two H-bonds, which
would lead to a negative effect on triplex stability.
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Table 2. T, Data (260 nm) for Melting of the Duplexes
betweenl—6 and Their Antiparallel DNA Complement

Figure 2. Two possible modes of Hoogsteen recognition of adenine
by dpyU. The syn conformation, as in part a, could be preferred
due to H-bond formation between O(4) of the base and the
protonated pyrrolidino ring nitrogen.

The fact that dC-residues as nearest neighbors destabilize
triple-helix formation in the pyrrolidino-TFOs might have
to do with a disadvantageous intrastrand accumulation of
positive charges, as the base cytosine in a third strand needs
to be protonated as well in order to form a Hoogsteen base-
pair with its target guanine. Alternatively differences in the
distance between the backbones of the purine strand and the 2single strand concentration 1.2 «M. Buffer: 140 mM KCI, 7 mM
TFO as a function of the base sequence might modulate theNatkPQ,, 0.5 mM MgCb, pH 7.0.° Ty, of reference duplex with 5'-d-
. I S TTTTTCTCTCTCTCT= 45.2°C.
electrostatic contribution to binding of the presumed salt
bridge. The question on why no stabilization at all is observed
due to charge complementation, as in the case of i@ 2
aminoethyl TFOs, remains open so far and calls for high-
resolution structural data. It is not excluded that the distances
of ca. 3-4 A, as inferred from the X-ray structure based P
model, are too long for efficient salt bridge formation, and
that there is no space to contract the two backbones of the
directly interacting strands without energetic penalty.
Having the oligonucleotided—6 at hand we also ap-
proached the question on how pyrrolidino nucleosides
influence DNA double helix formation. We therefore pre-

seem to be additive within this simple nearest neighbor
context, irrespective of the number and position of the
yrrolidino modifications.

Oligonucleotides containing pyrrolidine substitutes for
deoxyribose with unnatural bases or as abasic units have been
prepared in the past and investigated as inhibitors for DNA
glycosylasesor as inhibitors for the cytotoxic heterodimeric
protein ricin®

The first preliminary results on the base-pairing properties
pared the antiparallel DNA complementlte 6 and collected of pyrrolidino psgudonucleo;ides, as reported here, Ieave.a
the corresponding,, data (Table 2). qumber of questions open with regard to molecular recogni-

tion of DNA duplex targets that need to be addressed in the

se?iZser?/:;eds,u?:le?i?r;s;sdagﬁga;riﬂcem ;;;r)\lli?a thgr]r?pil:gtlﬁf efuture. Efforts toward the synthesis of pyrrolidino pseudo-
gradient of 0.5°C/min, reflecting equilibrium binding isocytidine and of fully modified, zwitterionic pyrrolidino-

. . - DNA ar rrently underw nd will repor in
conditions. With regard to affinity, the same order as for are currently underway and be reported in due

the triplex stability applies, that is d¥ dyU > dpyU > time.
dpyT. The relative destabilization in general is less extreme Acknowledgment. This work was supported by a re-
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context. Thus, dC residues as nearest neighbors are less

destabilizing than dT residues next to the pyrrolidino  (7)(a) Scharer, 0. D.; Nash, H. M.; Jiricny, J.; Laval, J.; Verdine, G. L.

nucleosides. In the case of the pseudouriding Uy J. Biol. Chem1998,273, 8592—-97. (b) Deng, L.; Schérer, O. D.; Verdine,
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specificity order is observed. Again, th€T,/mod values 118, 3067—68.
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Supporting Information Available: Experimental pro- material is available free of charge via the Internet at
cedures for oligonucleotide synthesis, melting curve analysis, http://pubs.acs.org.
MS-data for TFOs, and pKmeasurement of dpyU. This 0L026537U
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