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ABSTRACT

Three PNA-DNA chimeric dimer synthons (tT, upT and uhT, see Sch. 1) have
been synthesized in solution and used to make T20-analogue chimeras applying
standard solid-phase DNA synthesis protocol. Duplex forming ability of
chimeras with dA20 and their hydrolyses by 30- and 50-exonucleases (snake venom
and bovine spleen phosphodiesterase, respectively) have been investigated.

Key Words: 5-Alkynl-uracils; Dimer synthons; Chimeras; Thermal stability;
Exonucleases.

According to the extended studies of Uhlmann et al.[1] PNA-DNA chimeras,
consisting of PNA and DNA blocks, retain the RNase H inducing ability of natural
DNA, in addition, they have higher thermal and enzymatic stability compared to the
corresponding DNA or RNA counterparts. In order to avoid the difficulties coming
from the different conditions of solid-phase PNA and DNA syntheses we prepared
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the 30-P-amidites and the LCAA-CPG bound 30-succinates of 3 chimeric dimers
(tT, upT and uhT, see Sch. 1) in solution and incorporated them into T20, varying
their number and position. Application of this strategy[2] made possible the exclusive
use of routine oligonucleotide synthesis protocol for the preparation of PNA-DNA
chimeras.

Thermal melting points (Tm) of all the chimera�dA20 duplexes were lower
compared to that of T20�dA20 (Tm¼þ 57.4�C in physiological solution), but the
degree of Tm-drops strongly depended on the number and position of chimeric
dimers incorporated. Placing of one single tT, upT or uhT block at the 30-terminus
of T20 resulted in a relatively small (DTm¼�1.8–�2.7�C) drop of Tm value while
insertion of these building units into the middle of the sequence led to a significant
decrease (DTm¼�9.1–�7.6�C). Consecutive incorporation of 5 tT blocks into the
50-terminus brought about considerable Tm-drop (DTm¼�20.7�C). The Tm value
of (tT)5-T10 (þ36.7�C) was even lower than that of T11�dA11 (Tm¼þ38.6�C) indica-
ting that the chimeric 50-half of this analogue is not involved in cooperative binding
to the complementary strand, at all. On the other hand, if the 5 tT units are replaced
by upT blocks a noticable duplex stabilization (Tm¼þ41.6�C) was observed, which
correlates with the known duplex stabilizing effect of the short 5-alkynyl-substituted
pyrimidine bases.[3] However, symmetrical positioning of the 5 tT blocks in T20 (the
case of (T2-tT)5) led to complete disruption of the duplex structure (Tm¼þ11.3�C).
Thermal stabilities of analogues with uhT building blocks are practically identical
with those of the tT containing counterparts. In these cases the duplex stabilizing
effect of triple bond is compensated by the hydrophobic destabilizing effect of long
side-chain, which protrudes into the major groove and disrupts the water-structure
around the phosphate moiety.

Analogues, containing one tT, upT or uhT unit at the 30-terminus of T20, proved
33–53 times more resistant to the hydrolysis by snake venom phosphodiesterase (SV
PDE) than T20. The degree of resistance unambiguously correlates with the increas-
ing length of 5-alkynyl side-chain. Similar effect was observed for the hydrolysis of
(tT)5-T10, (upT)5-T10 and (uhT)5-T10 as well, which were digested by bovine spleen
phosphodiesterase (BS PDE). Surprisingly, in spite of the much longer chimeric
strands the hydrolysis half times (t1=2) were only 5–8 times higher relative to the

Scheme 1. tT: R¼Me, upT: R¼ propyn-1-yl, uhT: R¼ 1-hexyn-1-yl.
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t1=2 value of T20. It can likely be attributed to the greater endonuclease activity of BS
PDE compared to that of SV PDE.
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