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G. Breipohl, D. W. Will

Hoechst Marion Roussel Deutschland GmbH, D-65926 Frankfurt, Germany

Abstract: The synthesis of a DNA-PHONA-PNA chimeric molecule using the Mmt
protection strategy is described. The chimeric oligomer shows duplex binding properties
that are comparable to PNA. Obviously, PHONA building blocks can be incorporated
into PNAs without distortion of the PNA structure

Numerous synthetic analogs of oligonucleotides have been described for their promising
application in antisense chemotherapy and in DNA diagnostics.1-4 Nielsen ef al. have
developed polyamide nucleic acid (PNA) mimics of DNA in which the entire
deoxyribose-phosphate backbone has been exchanged with a structurally homomorphous
uncharged polyamide backbone composed of N-(2-aminoethyl)glycine units.5 Due to
their excellent binding properties to complementary nucleic acids, PNAs have not only
attracted much attention, they have also been widely chemically modified. 2,6 Examples
for such modifications are PNA/DNA chimera’ and PHONAs8 which are derived from
PNAs by replacement of the peptide bond by a phosphonic acid monoester group. The
combination of various structural modifications leads often to molecules with interesting

properties. We have recently reported on the synthesis and binding properties of
alternating PNA-PHONA oligomers using the dimeric building block tPt (Figure 1).9 In

Dedicated to Professor Hartmut Seliger on the occasion of his sixtieth birthday

1997

Copyright © 1998 by Marcel Dekker, Inc. www.dekker.com



14: 48 26 January 2011

Downl oaded At:

1998 PEYMAN ET AL.

Figure 1: Structural elements of the
PHONA-DNA-PNA chimeric molecule:

tPt: dimeric building block for the synthesis
of PHONA-PNA chimeric molecules.?
€08 PNA-DNA linker molecule derived
from N-(2-hydroxyethyl)glycine.”

the present work we used this building block to form a PHONA-DNA-PNA chimeric

molecule, and we report data on its binding properties to complentary DNA.
The sequence of the DNA-PHONA-PNA chimeric oligomer 1 is shown in Table 1 and its

synthesis is outlined in Figure 2. First, the PNA portion of the molecule is assembled
according to previously reported procedures using the monomethoxytrityl protecting
group strategy. 10 The dimeric PHONA-PNA building block tPt is then coupled onto the
amino-terminus by activation with HATU (0.1M solution in DMF) in the presence of N-
ethylmorpholine (0.1M solution in DMF). The coupling yield is > 90%. After

deprotection of the Mmt group, the PNA-DNA linker molecule ¢°¢€ derived from N-(2-
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Table 1. Sequence of the DNA-PHONA-PNA chimeric oligomer 1, and its
corresponding DNA-PNA (2) and DNA (3) analogs. DNA.: capital letters; PNA: small

letters, t’t: dimeric PHONA-PNA building block; ¢: PNA-DNA linker molecule derived
from N-(2-hydroxyethyl)glycine.”

1 (DNA-PHONA-PNA) 5'-ACA T c tPt ggtc g -3’

2 (DNA-PNA) 5%-ACATcttggtcg-3

3 (DNA) 5'-ACATCTTGGTCG -3'
CPG----'NH

cpa-—N—{ P )N,
trt
cPG-—N—{ P ) vt-NH,

4> cm
CPG---- um—co-g—on

PG+ j—{ B bt com—{ DA} O¥ )

H

PGy —{ B} tt-cons—[_DRA }-0M )

Figure 2: Outline of the synthesis of
the PHONA-DNA-PNA chimeric
oligomer 1. For details see text.

hydroxyethyl)glycine”, is introduced by coupling with HATU.7 In the final step the DNA
portion of the molecule is assembled by standard phosphoramidite chemistry and the
chimeric oligomer is cleaved from the solid support and deprotected by treatment with
conc. NH4OH at 50 °C for 8 h. The crude product is then purified by PAGE, it appears
as a single peak on HPLC (Dionex) and the ES-MS spectrum shows a mass of 3549.9
(Mcalc for C130H170N57054P5: 3550.0). The corresponding DNA-PNA chimeric (2)
and DNA (3) analogs were synthesized by standard procedures.
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Table 2: Comparison of Ty, values of the oligomers 1-3 when hybridized to
complementary or partially mismatched DNA. The Ty, values were measured under
physiologically relevant conditions (140 mM KCl, 10 mM NaH3POy4, 0.1 mM Na-EDTA
pH 7.4) by cooling from 85 °C to 15 °C at 1 Kmin-! and measuring the UV absorbance
at 260 mM.

Duplex Tm (°C)

1.DNA 2.DNA 3.DNA

complementary 5'-A C AT

sequence 3 -T G T A 48.1 50.5 488
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tPt ggtcg -3 36.1 42.4 383
(-12.0K) (-8.1K) (-10.5K)

mismatch 1 5'-A CAT
3’-T G T A

@ o
Y
=]
0
a
>
o)
Q
|
<

mismatch2 5'-ACAT ctPtggtcg -3 41.1 44.4 39.8
3-T GTAGTACCAGC -5’ -7.0K) (-6.1K) (-9.0K)
mismatch3 5'-ACAT ctPt ggtcg -3 36.1 423 318
3-TGTAGTTCCAGC -5 (]20K) (82K  (-10.0K)

To assess the binding affinities of such chimeric molecules the melting points of the
duplexes of 1-3 with complementary DNA were determined (Table 2). The stability of the
DNA-PNA«DNA duplex (T, 50.5 °C) is only slightly increased as compared to the
DNA«DNA duplex (T, 48.8 °C). The DNA-PHONA-PNA chimeric oligomer 1 binds
with almost equal affinity (T, 48.1 °C) indicating that the introduction of a PHONA
moiety into the PNA part of a DNA-PNA chimera does not result in a strong deviation

from the PNA structure.
To determine the different contributions to binding of the two bases in the PHONA-PNA

dimer we introduced mismatches in the complementary DNA, mismatch 1 opposite to the
"PNA"-base, mismatch 2 opposite to the "PHONA"-base and mismatch 3 opposite two
both bases (see Table 2). The drop in Ty, for mismatch 1 is stronger than for mismatch 2
for all three sequences 1-3. The most pronounced difference between the two mismatches

as well as the largest absolute decrease of Ty is obtained with the chimeric oligomer 1.
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This suggests that the contribution to binding of the PHONA base is smaller than that of
the PNA base. Interestingly, while there is a second drop in Ty, for the DNAsDNA
duplex when a second mismatch (mismatch 3) is introduced, there is no change in Ty, for
the DNA-PNA 2 or the chimeric DNA-PHONA-PNA oligomer 1 as compared to
mismatch 1. Mismatch 1 also seems to eliminate the contribution of the base between the
mismatch and CO¢8-DNA linkage of the molecules 1 and 2, which also represents a
structural distortion, so that the introduction of a mismatch opposite to this position has
no further effect on duplex stability.

In conclusion it seems that PHONA building blocks can be incorporated into PNAs
without distortion of the PNA structure.
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