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Abstract: Pyrrole (Py) - Imidazole (Im) polyamides bind as stacked side-by-side dimers in the minor groove of DNA with 
strong affinity and specificity. When two imidazole-containing polyamides are stacked, the overlapping imidazole units 
bind tightly to T*G or G-T mismatched base pairs. In our design of polyamide analogs capable of discriminating a T-G 
from G-T site, two picolinic acid-containing polyamides have been synthesized and the base pair preference of the stacked 
picolinate/imidazole pairing was studied. The compounds contain a picolinic acid (Pic) or a 6-methylpicolinic acid (MePic) 
group at the N-terminus, and their structures are PicPylm and MePicPylm. Results from circular dichroism (CD) studies 
showed that the stacked Pic/Im and MePic/Im pairing bound to deoxynucleotide including T-G mismatched base pairs more 
strongly over the corresponding G«T and Watson-Crick G«C base pairs. 

Introduction ν 

One of the most exciting discoveries from the human genome project is the recognition that the genome is a dynamic 

structure, and its composition is continuously changing. One mechanism that leads to such changes is single nucleotide 

polymorphism (SNP),1 in which mismatched DNA base pairs, including T*G mismatches, play an important role in their 

formation.2 SNPs are being investigated for many applications, including population genetics and pharmacogenomics.3 The 

understanding of T«G mismatched base pairs in DNA are also important because they are responsible for most of the 

common mutations leading to formation of tumors in humans. For example, in human bladder carcinoma, a G*C to Α·Τ 

transition at the 3'-G of the GG doublet in codon 12 converts the Ha-ras and Ki-ras proto-oncogenes into oncogenes.4 

Because of the biological importance of the T»G mismatch, its structural and physical properties have been extensively 

investigated. NMR analysis of duplex 5'-CGTGAATTCGCG-3', containing symmetrical T*G mismatches, indicates that 

the mismatches adopt a wobble conformation and structural perturbations are mainly localized in the vicinity of the 

mismatch and the nearest 

Figure 1. Structures of polyamides, f-Imlmlm, PicPyPy, PicPylm, and MePicPylm. 
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neighbor.5 These localized perturbations in T»G mismatch-containing oligonucleotides are supported by an x-ray analysis of 

5' -CGCG AATTTGCG-3' .6 Based on these structural subtleties, our group discovered that stacked imidazole-containing 

dimers of polyamides were able to recognize T-G or G«T sites with unexpected affinity.7 According to the NMR structure 

of a stacked f-Imlmlm (Figure 1) dimer bound to a T»G-containing oligonucelotide, Lee and collaborators proposed that the 

Im/Im pairing could be a good motif for recognition of a T«G mismatch.7* The free amino group projects into the minor 

groove and it can form two separate hydrogen bonds to a side-by-side Im/Im pairing. This molecular recognition motif was 

further characterized by a combination of molecular biology (DNase I footprinting)711 and biophysical analyses (surface 

plasmon resonance,71" circular dichroism,7" and isothermal titration calorimetry).7cThe unique recognition of T*G 

mismatched base pairs by the Im/Im pairing was corroborated in a study reported by the Dervan group, in which one of 

their hairpin polyamide compounds showed some selectivity for a T«G site over a G«T base pair.8 However, from our 

studies on f-Imlmlm the preference for either a T-G or G«T site was not apparent, which we had attributed to the 

symmetrical nature of the Im/Im pairing. 

As part of our program aimed at designing compounds capable of discriminating a T*G from a G-T site, we have 

synthesized two picolinic acid-containing polyamide analogs, PicPylm and MePicPylm (Figure 1). The picolinic acid (Pic) 

or 6-methylpicolinic acid (MePic) group was attached to the N-terminus of the polyamide, such that their corresponding 

side-by-side stacked dimer would provide the necessary unsymmetrical Pic/Im or MePic/Im pairing. These pairings should 

not only mimic the recognition of T«G or G 'T mismatched sites of the Im/Im pairing, but also to discriminate between 

them. The Pic moiety was chosen as an analog of imidazole because the Dervan group had shown the stacked dimer of 

PicPyPy (Figure 1) to recognize GC containing sequences, indicating that the Pic/Py pairing behaved in a similar manner to 

Im/Py.9 However, PicPyPy retained a strong memory for AT-rich sequences. Dervan's group suggested that the dual 

recognition of PicPyPy was due to rotation about the bond between the pyridyl and carboxamide moieties. We have 

consequently designed polyamide-containing analogs that bear a 6-methylpicolinic acid (MePic) group at the N-terminus 

where the 6-methyl group should restrict the rotation about the pyridyl-carboxamide bond, much like a methylimidazole 

unit, forcing the N-atom in the pyridyl group into the DNA interacting concave face of the molecule. 

Results and Discussion 

The target compounds, MePicPylm and PicPylm, were synthesized using a strategy depicted in Scheme 1. Reduction of 

02N-Pylm10 by catalytic hydrogenation with 5% Pd/C provided H2N-Pylm, an unstable compound, which was used 

immediately in the subsequent step. A solution of H2N-Pylm in CH2C12 was coupled to picolinic acid or 6-methylpicolinic 

acid in the presence of benzotriazole-l-yloxy-trisphosphonium hexafluorophosphate (PyBOP) and N,N-

diisopropylethylamine (DIPEA). The reaction mixtures were stiiTed under a N2 atmosphere and at room temperature for 72 

hours. MePicPylm and PicPylm were isolated as white solids, after purification on a MeOH/CHCl3 silica gel column, and 

in yields of 70% and 86%, respectively. The compounds were characterized by proton NMR, infrared spectroscopy, mass 

spectrometry, and accurate mass measurements. 
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Scheme 1. Synthesis of PicPylm and MePicPylm 

The ability of PicPylm and MePicPylm to interact with Watson-Crick and T'G-containing mismatched oligonucleotide 
sequences was examined by thermal melts (TM) and by circular dichroism (CD) studies. The oligonucleotides used in these 
studies are given in Figure 2. 

G'C, 5'-CGT AGA CTA CGG TTTTT CCG TAG TCT ACG-3' 
C'G, 5'-CGT ACA GTA CGG TTTTT CCG TAC TGT ACG-3' 
Α·Τ, 5 '-CGC AAA TTC CGG TTTTT CCG GAA ITT GCG-3' 
Τ·Α, 5'-CGC ATA ATC CGG TTTTT CCG GAT TAT GCG-3' 
G'T, 5'-CGT AGA TTA CGG TTTTT CCG TAG TTT ACG-3' 
T'G, 5'-CGT ATA GTA CGG TTTTT CCG TAI TGT ACG-3' 

Figure 2: Oligonucleotides used in the DNA binding studies. 

Using a 3:1 mole ratio of compound to DNA, and a sodium phosphate buffer (10 mM sodium phosphate, 1 mM EDTA, pH 
6.2), both compounds produced negligible increases in the melting temperature for all the DNAs depicted in Figure 2. 
However, using a CD titration experiment, the mole ratio of compound to DNA was gradually raised from 0 to 11. 
Consistent with the DNA melt study, at a mole ratio of 3 the DNA induced ligand band at 320 nm was weak, less than a 
mdeg. However, when the mole ratio was raised further (> 5) for the T'G and G'T oligonucleotides, a clear positive Cotton 
effect was seen, indicating that the compounds were bound to the minor groove." As depicted in Figure 3A, titration of 
MePicPylm to the T'G containing DNA produced a isodichroic point and a larger DNA induced band (about 2 mdeg) when 
compared to the titration of MePicPylm to the G'T containing DNA (less than 1 mdeg, Figure 3B). These results suggest 
that the MePic/Im pairing formed in the stacked dimer demonstrates some preference for a T'G mismatched pair over G'T. 

Figure 3: A. CD Studies on the titration of MePicPylm to T'G-containing DNA. Β. Titration of 
MePicPylm to G'T-containing DNA. 
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Moreover, according to CD studies, MePicPylm did not bind to the AT sequences, and binding to the corresponding GC 

sequences were similar to that observed for the G'T sequence, thereby supporting the preference of MePic/Im pairing for 

T»G sites. A similar T«G preference was seen for PicPylm. In conclusion, we have discovered a novel DNA binding motif 

for the recognition of T*G mismatched DNA base pairs. 
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