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ABSTRACT
We have examined quantitatively
stabilities of PNA/DNA hybrid duplexes
with identical nearest-neighbor base pairs
and compared stabilities between
PNA/DNA and DNA/DNA. The average
difference of stabilization energy of the
short PNA/DNA was 0.9 kcal mol'1,
which suggests that the stability of the
hybrids with identical nearest-neighbor
base pairs can be predicted with the
nearest-neighbor model as well as those
of nucleic acid duplexes.

INTRODUCTION
Peptide nucleic acid (PNA) is one of the
oligonucleotide analogues in which the negatively
charged sugar phosphate backbone is substituted
by uncharged N-(2-aminoethyl)glycine units (1).
PNA is capable of hybridizing with DNA or RNA
by Watson-Crick base pairs. PNA/DNA hybrid
duplexes give virtually ionic strength independent
melting temperatures ( rms) (2). Therefore, it is
important for their applications to molecular
biology to precict the stabilites of PNA/DNA
hybrid duplexes and determine major factors
affecting these stabilites. However, little is
known about the quantitative stability and major
factor affecting stability of PNA/DNA hybrid
duplexes (3). For oligonucleotides (DNA/DNA,
RNA/RNA, and RNA/DNA hybrid), stabilities
are possible to be predicted based on a nearest-
neighbor model with high accuracy (4-6). Also,
these stabilities are mostly determined by the
number of bound cations. Thus, the screening of
the condensed electonegativities at the nucleic acid
backbone by cation is important for duplex
stability as well as hydrogen bonding and stacking
interactions among nucleobases (7).

In this study, we have examined quantitatively
stabilities of PNA/DNA hybrid duplexes with
identical nearest-neighbor base pairs and have
compared stabilities between PNA/DNA hybrid
duplexes and DNA/DNA duplexes.

MATERIALS AND METHODS
The PNA strands were synthesized by stepwise
tBoc procedure on a solid support. The DNA
strands were synthesized chemically on a solid
support using phosphoramidite procedures.
These samples were purified by HPLC. Melting
curves (absorbance vs. temperature profiles) were
measured at 260 nm by Hitachi U-3200 or U-
3210 spectrophotometers equipped with Hitachi
SPR-7 and SPR-10 thermoprogramers. The
heating rate was 0.3 or 0.5 °C/min.
Thermodynamic parameters of PNA/DNA hybrid
duplexes were determined by Tm~^ versus ln(Ct)
plot and curve fitting procedure (4,5).
Thermodynamic parameters and melting
temperatures of DNA/DNA duplexes were
calculated by using nearest-neighbor parameters
reported previously (4).

RESULTS AND DISCUSSION
Figure 1 shows the difference of thermodynamic
parameters for PNA/DNA hybrid duplexes. In
the shorter PNA/DNA hybrid duplexes (5, 6, and
7 mers) with identical nearest-neighbor base
pairs, the difference of AH°, TAS°, and AG°37
are very small. In contrast, the differences of
AH°, TAS°, and AG°37 for the longer PNA/DNA
hybrid duplexes was large. On average of AH°,
TAS°, and AG°37, the differences of the short
pairs were 1.6 kcal mol"', 0.9 kcal mol'l , and
0.2 kcal moH, respectively, while these for the
long pairs were 28.3 kcal mol'l, 26.7 kcal mol'l,
and 1.7 kcal mol'l, respectively. These results
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suggest that the stability of the hybrids with
identical nearest-neighbor base pairs can be
predicted with the nearest-neighbor model as well
as those of nucleic acid duplexes.

5 mer 6 mer 7 mer 8 mer 10 mer

Chain length
Figure 1. Illustration of the difference of
thermodynamic parameters for PNA/DNA hybrid
duplexes with identical nearest-neighbor base
pairs; 5mers (pna(AGCGG)/d(CCGCT) and
pna(AGGCG)/d(CGCCT)), 6 mers
(pna(CCGACG)/d(CGTCGG) and
pna(CGACCG)/d(CGGTCG)), 7 mers
(pna(CGCACCG)/d(CGGTCGC) and
pna(GACCGCG)/d(CGCGGTC)), 8 mers
(pna(ACGTACCG)/d(CGGATCGT) and
pna(ACCGACG)/d(CGTACGGT), and 10 mers
(pna(GCTAACAGCG)/d(CGCTGTTAGC) and
pna(GCGCTACAAG)d(CTTGTAGCGC)).

Next, in order to investigate major factor
affecting stability of PNA/DNA hybrid duplexes,
we have compared stabilities between PNA/DNA
hybrid duplexes and DNA/DNA duplexes. Table
1 shows thermodynamic parameters of PNA/DNA
hybrid duplexes and DNA/DNA duplexes.
Stability of DNA/DNA duplexes is more enthalpic
dominant than that of PNA/DNA hybrid duplexes.
Also, for nucleic acid, cation is important for the
stability as well as hydrogen bonding and stacking
interaction (7). In contrast, stability of PNA/DNA
little changed when NaCl or MgCl2 concentration
changed (2). Thus, major factors affecting
stability of PNA/DNA hybrid duplexes will be
discussed.

Table 1. Thermodynamic parameters of
PNA/DNA hybrid duplexes and DNA/DNA
duplexes
Sequence21 -AH° -TAS° -AG°37

(kcal mol'1) (kcal mol'1) (kcal mol'1)

PNA/DNA hybrid duplexes
pna(AGCGG)/d
pna(CCGACG)/d
pna(GCGACCG)/d
pna(ACGTACCG)/d
DNA/DNA duplexes
dAGCGG/d
dCCGACG/d
dGCGACCG/d
dACGTACCG/d

38.1
33.8
46.9
46.2

39.2
52.1
62.6
68.7

31.7
27.2
38.7
38.2

33.9
44.8
53.0
59.0

6
6
8
8

5
7
9
9

.4

.6

.2

.0

.3

.3

.6

.7
a Each duplex consists of the denoted strand and
its complementary strand.
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