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This communication describes, to our knowledge, the 
first example of a lexitropsin that recognizes solely GC 
sequences of DNA, and it will have immediate applica
tion in the development of new pharmaceutical agents,1 

artificial restriction enzymes,2 as well as DNA probes.3 

There is a current interest in the design of small 
molecules that can bind to the minor groove of DNA, 
especially to GC-rich sequences. This interest stems 
from the observation that most minor groove binders 
are AT sequence specific4 and that GC-rich sequences 
are commonly found in genomes of mammals, including 
humans. A functional role of such GC-rich sequences 
is suggested by their frequent occurrence in genes 
associated with proliferation, including a number of 
oncogenes.5 

Netropsin 1 (see Figure 1) and distamycin, members 
of a class of naturally occurring antibiotic oligopeptides 
that bind to the minor groove of (A/T)4 and (ATT)5 

sequences, respectively,67 have been widely employed 
as models for the design of GC sequence-selective 
lexitropsins.8 It was shown that replacement of the 
pyrrole moieties of netropsin with imidazoles8-10 and 
removal of one of the positive charges, such as in 
analogue 2,10 permitted GC sequence recognition. Due 
to steric interactions between the methylene groups of 
2 with the guanine-2-NH2 group in the minor groove of 
a GC base pair, the C-terminus of this ligand was forced 
to bind to an AT base pair, thus explaining its selectivity 
for the sequence 5'-(G/C)3(A/T).10 It was also demon
strated that a truncated netropsin analogue, 3, selec
tively binds to the sequence 5'-ATTG-3' when challenged 
with d(CGCAATTGCG)2, indicating that the modified 
C-terminus could accept a GC base pair.11 While the 
design of GC sequence-selective lexitropsins,9b'c such as 
2,10 was viewed as a significant achievement, Kopka and 
Larsen stated that the development of netropsin ana
logues which can recognize pure GC sequences still 
remains a formidable task.8c 

In this communication we report the DNA binding 
studies of an imidazole-containing analogue, 412 (Figure 
1). The N- and C-termini of this compound contain a 
formamido and a carboxamido moiety, respectively, 
replacing the guanidiniumylacetyl and propanamidin-
ium groups of netropsin, and it represents a departure 
from our previous prototype compounds such as 2. The 
inclusion of a basic (dimethylamino)ethyl moiety {pKa 

~9.8) at the -terminal imidazole of 4 ensured that it 
would be protonated at a physiological pH of 7.4, thus 
making it monocationic. On the basis of recent reports 
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Figure 1. Structures of netropsin 1, the monocationic imi
dazole-containing lexitropsin 2, the truncated netropsin ana
logue 3, and the target compound 4. 
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Figure 2. Representative overlaid CD spectra of the titration 
of compound 4 to poly(dA-dT) and poly(dG-dC). Spectra a and 
b are for free poly(dA-dT) and poly(dG-dC), respectively. 
Spectra c and d represent the titration of compound 4 to the 
respective DNAs at r' values of 0.8. 

on the DNA binding properties of /V-pyrrole polyamine-
substituted distamycin analogues, the positively charged 
dimethylammonium group of agent 4 should be posi
tioned to electrostatically interact with the phosphate 
backbone thereby stabilizing the ligand:DNA complex.13 

The apparent binding constants of analogue 4 to calf 
thymus DNA, T4 coliphage DNA, poly(dG-dG) and poly-
(dA-dT) determined using an ethidium displacement 
assay14 were (1.37 ± 0.05) x 105, (1.9 ± 0.3) x 104, (1.05 
± 0.04) x 105, and (6.5 ± 0.5) x 104 M - 1 , respectively. 
According to these data, analogue 4 is a weaker binder 
than netropsin 1 which has a binding constant to calf 
thymus DNA of 1.87 x 106 M"1 under identical 
conditions.93 The difference may result from several 
factors, including the smaller number of positively 
charged groups and van der Waals sites on 4 compared 
to those on 1. The results, however, show that com
pound 4 binds approximately twice as strongly to poly-
(dG-dC) than to poly(dA-dT). In comparison, netropsin 
binds approximately 1000-fold more strongly to poly-
(dA-dT) than to poly(dG-dC),15 thus demonstrating the 
acceptance of GC base pairs by compound 4. The 
interaction of 4 to T4 coliphage DNA suggests that it 
interacts in the minor groove of DNA.16a'b 

The binding of compound 4 to poly(dA-dT) and poly-
(dG-dC) was also studied by CD. The experiments were 
identically performed with regard to temperature and 
concentrations of drug and DNA at defined r' values, 
the ratio of the moles of drug to DNA base pairs. 
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Figure 3. (a, Left) A photograph of the autoradiogram of the MPE-Fe(II) footprinting of compounds 2 and 4 on the Bamlil-Sall 
fragment of pBR322 plasmid DNA singly 5'-32P-end labeled at the BamHl site. Lane a, control unmodified DNA; lane b, formic 
acid (G + A) marker lane; lane c, compound 2 (250 /(M); lane d, control MPE cut; lanes e and f, compound 4 (250 and 500 /(M, 
respectively), (b, Right) Densitometric analysis of the MPE footprinting autoradiograms on the sequenced portion of the BamHl-
SaIl fragment of pBR322 plasmid DNA. Boxes and circles above the sequence represent the SamHl end-labeled fragment, and 
boxes below represent the Sa/1 end-labeled fragment. Shaded boxes represent weak footprints of compound 4. Open and filled 
circles represent the weak and strong footprints of compound 2, respectively. 

Titration of compound 4 to poly(dA-dT) did not produce 
any DNA-induced ligand bands even at an r' of 1.0; 
however, addition of this compound to poly(dG-dC) gave 
rise to a positive Cotton effect at 318 nm of 0.5 mdeg at 
an r' of 0.3. As shown in Figure 2 (trace d), when the r' 
value was raised to 0.8 the ellipticity was 1.5 mdeg. The 
induced band is presumably due to the UV it to Jt* 
absorption of the drug in the drug:DNA complex.4" 
Since compound 4 itself did not produce a CD spectrum, 
the appearance of a DNA-induced ligand band was 
taken as evidence for its interaction with DNA. In 
accordance with previous reports,4"17 and assuming that 
compound 4 binds to the polynucleotides in a similar 
orientation, the above data suggest that the compound 
exhibits selectivity for poly(dG-dC) over poly(dA-dT). In 
the titration studies the bands at 240 and 265 nm are 
consistent with those of B-DNA, thus suggesting that 
binding of ligand 4 only causes minimal distortions in 
the DNA conformation. 

In order to ascertain the DNA sequence selectivity of 
compound 4, MPE-Fe(II) footprinting studies were 
performed, using a 5'-32P-singly end-labeled Bamlil-
Sall fragment of pBR322 plasmid DNA. A representa

tive gel is shown in Figure 3a. Analysis of the resolvable 
portion of the autoradiogram by densitometry (see 
Figure 3b) revealed that the reaction of 4 gave weak 
but distinct footprints covering four base pairs at 5'-
C(436)GCC(439), 5'-G(446)CCG(449), 5'-C(476)GCC-
(479), and 5'-C(505)GGC(508) sequences on the frag
ment labeled at the BamHl site. When the Sa/1-labeled 
DNA fragment was analyzed, the following sites were 
inhibited from cleavage by MPE: 5'-C(509)GCC(506), 
5'-C(529)GGG(526), 5'-G(534)GCC(531), 5'-G(552)GCG-
(549), 5'-C(580)CGC(577). All of the footprint sites 
mapped occur within pure GC sequences with total 
avoidance of the AT sites present in this DNA fragment, 
thus, demonstrating the GC sequence specificity of 
compound 4. 

As with other lexitropsins,9,10 binding of agent 4 to 
four contiguous base pairs is in accordance with Der-
van's N + 1 rule for the binding density of netropsin 
analogues, in which N is the number of amido groups. 
It is, thus, unlikely that any par t of compound 4 would 
be intercalated into the DNA because the binding 
density would otherwise be smaller than four.18 The 
conclusion is also supported by the similar DNA binding 
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constants of compound 4 to those of 2, a known minor 
groove binder.10 The binding of agent 4 to the minor 
groove implies that the amido protons should be able 
to form bifurcated hydrogen bonds with guanine-N3 and 
cytosine-02 in the floor of the minor groove to stabilize 
the ligand:DNA complex. In addition, the strict recog
nition of pure GC sequences also suggests that the 
imidazole-N3 atoms on the concave face of compound 4 
could provide both the space for accomodating and 
hydrogen bonding with the exocyclic guanine-2-NH2 
group. As a control in the footprinting experiment, 
compound 2 (Figure 3a, lane c) produced strong foot
prints at other sites on the same fragment of DNA that 
contain the expected 5'-(GfCh(AfT)-B' sequence.10 Fur
ther studies on interactions of compound 4 with oli-
godeoxyribonucleotides by 1H-NMR and X-ray studies 
are in progress, and the results will be reported in due 
course. 
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spectrum as well as the densitometric scans of the MPE 
footprinting experiments are given (4 pages). Ordering infor
mation is given on any current masthead page. 
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