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Abstract: The synthesis of a new DNA analogue based on ornithine is described. Only the thymine 
analogue was synthesised. A 10 mer entirely made up of the thymine monomer forms a triple helix with poly 
RNA A. The T m of the triplex was 21°C. Copyright © 1996 Elsevier Science Ltd 

The development of peptide nucleic acid (PNA) has demonstrated that pseudopeptide backbones can 

effectively mimic the phosphodiester(deoxy)ribose backbone of nucleic acids 13. This is of great interest for 

anti-sense and anti-gene therapeutics 46 as well as for DNA based diagnostics and molecular biology 

technics 7"9 , but may also have implications for our understanding of the origin of the primordial genetic 

material of  life. ~°~3 In particular, it would be of interest to study DNA mimics composed of recognized 

biomolecules or molecules of likely prebiotic origin. Thus PNA analogues containing the naturally occurring 

amino acid ornithine have been suggested in this connection, l° We now report the synthesis and preliminary 

DNA mimicking properties of an ornithine derived PNA. 

The synthesis of the monomer is shown in Figure 1. Only the L-form of the monomer was 

synthesised. The starting material was Na-tertbutyloxycarbonyl-NS-benzyloxycarbonylornithine. First the 
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Figure 1. The synthesis of the omithine based monomer. 
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acid group was converted to the benzylester using benzylbromide and cesium carbonate. This was done to 

ease handling and increase the solubility of  the intermediates. The Boc group was removed by treatment with 

p-toluenesulfonic acid. Thymine acetic acid was then coupled to the free amino group using DCC and Dhbt- 

OH. Removal of  the Z group and the benzyl group by hydrogenation yields the unprotected monomer. The 

monomer was then protected at the 6-amino group by reaction with Boc anhydride using Schotten-Baumann 

conditions. 14,15 

To test the optical purity of  the omithine monomer (To), it was reacted with (L)-leucinmethylester 

hydrochloride in the presence of  HBTU and DIEA, and the two diastereomers were separated by reverse 

phase HPLC chromatography. The result showed that the monomer contained 2,4 % of the D-form. A 10-mer 

and a 15-mer was synthesised using the solid phase synthesis protocol for PNA synthesis.16 The oligomers 

were purified by reverse phase HPLC and characterised by FAB + or MALDI-TOF-MS.1718 Binding of  a To- 

decamer (To)10 to poly A was indicated by a - 20% hypochromicity upon mixing, and from a Job plot (Figure 

2), we conclude that a PNAa/RNA triplex is formed. Thermal denaturation experiments gave the results 

shown in Figure 3. While Poly A alone exhibits a smooth thermal transition without distinct "Tm's", a new 

transition with T m = 25 °C can be assigned to the (To)10 - poly A triplex. 
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Figure 2. Titration ofpoly  A with(Yo)lo. 
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Figure 3. The UV melting curves for Poly A, (To)10/Poly A, (To)10/At0 and (To)]5/A]5. 

The second transition in the melting curve is assigned to poly A alone. The T O -decamer was also mixed with 

a dAi0 oligomer, but in this case no stable complex could be detected (above 10 °C). Likewise no complex 

was detected with poly(dA). Thus the ornithine PNA appears to recognize RNA significantly better than it 

does DNA. In accordance with the above results, the T O 15-mer showed a distinct transition with a T m of 23 

°C when hybridised to Aio and Tm = 31 °C when hybridised to poly A. 

A PNA decamer with one T O (H-AGT GAT o CAT C-NH2) showed a T m of 46 °C when hybridised to a 

complementary RNA. The T m of a corresponding complex with the all glycine PNA was 54 °C and thus a 

single substitution with one T O resulted in a decrease in T m of 8 °C. It should be emphasised, however, that 

an ornithine unit in an aminoethylglycine PNA context will result in "out of  register" nucleobases. 

The present results clearly demonstrate that an omithine PNA analogue is a structural DNA mimic for 

recognizing RNA albeit not as effective as the original aminoethyl glycine PNA. The ornithine PNA structure 

is isomeric with the propionyl PNA structure, 19 and therefore is characterized by having retained the 

nucleobase distance of  PNA, but has a one atom extension between the backbone and the nucleobase. Thus, it 

is noteworthy that thymine decamers of  these two PNA analogues form complexes with poly A of similar 

thermal stability, and it may therefore be argued that the less efficient DNA hybridization by the ornithine 

PNA is "primarily" due to the extended backbone nucleobase distance and less to the structural isomerization 

of  the backbone. 

With respect to a possible role of  an ornithine like PNA in a prebiotic scenario, it would be of  

importance to prepare purine monomers in order to study mixed purine/pyrimidine sequences and explore the 
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possibility of forming ornithine PNA duplexes. One may argue that due to the presumed absence of "helicase 

activity" in a prebiotic world a genetic material that formed not too stable duplexes would be advantageous in 

order to facilitate strand separation in a replication process. 

Finally we find it noteworthy that nucleobase-amino acids have been identified in plants e.g. in the 

form of a 3-(1-uracylalanine). 2° Although this probably does not fit into a DNA mimic, it demonstrates that 

this type of compounds are naturally occurring, and that PNA-like molecular fossils may be found. 
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