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Peptide Nucleic Acids containing Adenine or Guanine recognize Thymine and Cytosine in 
Complementary DNA Sequences 
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Peptide nucleic acid (PNA) monomer building blocksforthe introduction of G and A are prepared and used to synthesise 
H-T4XT5-Lys-NH2 (X = G or A), which are shown by T, measurements to recognize their complementary DNA 
sequences in both the parallel (N-terminal PNA/5’-DNA) and the anti-parallel mode; the stoichiometry in each case is 
( P N A) 2/D N A. 

Peptide nucleic acids (PNA)1-5 are DNA analogues in which 
the deoxyribose-phosphate backbone has been replaced by a 
peptide oligomer consisting of, e .g .  (2-aminoethy1)glycine 
units to which the nucleobases are attached via methylenecar- 
bony1 linkers. PNAs containing up to ten thymines234 or nine 

thymines and one c y t o ~ i n e ~ ? ~  have previously been shown to 
recognize their complementary DNA with high fidelity and to 
bind with much higher binding strength than that of DNA to 
DNA or RNA owing to the formation of very stable 
(PNA)z/DNA triplexes.2.3 Such reagents may be of use as 
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Table 1. Melting temperatures of hybrids (“C). between PNA 
(H-T4XT5-Lys-NH2 and 5’-d(CGCA4YA5CGC) 

DNA 
Y 

PNA X C T A G 

3 G h  63 50 48 51 

4 A‘ 51 55 48 48 

5 T 66 65 76 63 
6 C 49 44 46 79 

0 The melting temperatures were determined as previously described 
with the exception that the buffer contained 100 mmol dm-3 NaCl, 10 
mmol dm-3 phosphate, 0.1 mmol dm-3 EDTA, pH 7.b FAB MS (M + 
l ) ,  Calc. (Found), 2832.15 (2832.25).C FAB MS (M + l ) ,  Calc. 
(Found), 2816.16 (2815.95). 

gene-targeting drugs, as diagnostics, and as molecular biolog- 
ical tools.6 

We have now prepared the A and G monomers (Scheme 1) 
and used them for the synthesis of oligomers of the form 
H-T4XT5-Lys-NH2 (X = G or A), in order to study the DNA 
recognizing properties of purine-containing PNA. The PNAs 
3 (X = G) and 4 (X = A) were assembled by Merrifield 
synthesis, as previously reported3 for PNA 6 (X = C) using the 
adenine monomer 1 and the guanine monomer 2. The 
resulting crude PNAs were purified by preparative HPLC, 
and their identity was established using fast atom bombard- 
ment mass spectrometry (Table 1). 

The thermal stability of the hybrids between these PNA 
oligomers, as well as H-T4XT5-Lys-NH2 (X = T or C)2,3 
and hexadecameric oligonucleotides of the form 
5’-d(CGCA4YA5CGC), where Y = A,  G, C or T, was 
measured (Table 1). The stoichiometry of the hybrids was 
determined to be (PNA)dDNA by UV titrations of selected 
samples, analogously to what was found for the hybrids 
between H-T4XT5-Lys-NH2 (X = T or C) and the complemen- 
tary DNA sequences 5’-d(A4YA5) (Y = A or G) as well as for 
hybrids containing one mismatch.2,3 

Initial T, measurements on complexes of the above PNAs 
with S’-d(A4YA5) (Y = A,  C, G or T) showed less 
discrimination than expected by the purines in PNA and 
therefore the flanking sequences [5’-d(CGC)] of the oligonu- 
cleotides were placed to ensure that no stacking or generation 

of staggered complexes between individual hybrids would 
take place. 

The results (Table 1) clearly show that A and G in PNA 
recognize T and C in DNA, respectively. However, the 
thermal stability of the complexes between PNA containing A 
or G and their complementary DNA is lower than those of the 
homopyrimidine PNNDNA complexes. We ascribe this to 
the fact that all these complexes are (PNA)2/DNA triplexes. 
In the case of homopyrimidine PNA perfectly matched 
HoogsteenIWatson-Crick (T-A-T or C+-G-C) triplets can be 
formed, whereas in the case of PNA containing A or G ,  only 
the Watson-Crick strand matches while the second PNA 
strand binds with a mismatch. Thus, we infer from these 
results that PNNDNA duplexes (and presumably PNNRNA 
duplexes as well) will exhibit straightforward Watson-Crick 
base-pair recognition. t 

We have shown that all four DNA bases can be incorpor- 
ated into PNA and that they bind to their complementary 
bases in DNA, presumably through Watson-Crick base 
pairing. The presently examined T-rich PNA strands form 
(PNA)2/DNA triple helices where the second PNA is believed 
to bind via Hoogsteen base pairing. 
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t All compounds showed satisfactory elemental analysis, lH and 13C 
NMR spectra, and the expected molecular mass (FAB-MS). 
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