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ABSTRACT: A dimeric bisbenzimidazole molecule has been designed by computer modeling to bind to a
DNA sequence via the DNA minor groove that covers a complete turn of B-DNA. A series of bis-
benzimidazole dimers incorporating-g0—(CHa)n—X—CH,),—O— linker, withn = 2 or 3 and X= O

or NtH(Me), were screened for their capacity to fit the DNA minor groove. The modeling studies enabled
an optimal linker to be devised & 3, X = NtH(Me)), and the synthesis of the predicted “best” molecule,
N-methylN,N-bis-3,3{4'-[5"-(2""'-p-methoxyphenyl)-5'-1H-benzimidazolyl]-2 - 1H-benzimidazolyj -
phenoxypropylamines, is reported. The optimized linker permits the two symmetric bis-benzimidazole
motifs to maintain hydrogen-bonded contacts with the floor of the DNA minor groove. DNase | footprinting
studies have shown that this ligand binds with high affinity to sequences representing approximately a
complete turn of B-DNA, represented by the-[A4-[G-C]-[A - T]4 motif, and only poorly to sequences of
half this site size, in accord with the computer modeling studies. Compg@dods not show acute cellular
cytotoxicity, in contrast with its monomeric bizenzimidazole precursors, yet is rapidly taken up into
cells.

There is currently much interest in the design of small acids to replace some ring units. High affinity for 10 base
molecules that bind to DNA with sequence selectivity pair sites has been achieved, for example, @ithlanine-
(1—6). Almost all are targeted to the B-DNA minor groove. linked polyamides for 1:1 recognitiorl?) and also with
Such molecules would be expected to influence the binding head-to-head hairpin dimer&3).

of regulatory proteins and thus act as synthetic regulators of  ggyeral groups have concentrated on a strategy that utilizes
gene expression. This has been achieved in several instancegyq pharmacophore-like benzimidazole motif derived from
with down-'regulation of transcription of a number of targeted ihe well-established bisenzimidazole drug Hoechst 33258
genes being observed’{11). Much of this work has (1) which itself shows some antitumor activity and is an
involved the polyamide dimers pioneered by Dervan and inhiitor of DNA topoisomerase 11¢é4—17). Hoechst 33258
colleagues, which contain both modified and unmodified jise|f has been shown by footprinting and structural methods
pyrrole and imidazole subunits, and which bind in the minor 4 recognize 3-4 consecutive A/T base pairs by hydrogen-
groove as side-by-side dimer$<3). Many of th_ese COM-  ponding to base edges in 1:1 complexds$<24). To
pounds, as well as those based on other motifs, have onlyecognize longer sequences, a number of benzimidazole
shown specificity for relatively short base pair sequences, yjmers hased on the Hoechst motif have been synthesized
in large part because of the difficulty in ensuring that longer and evaluated for various biological activitie®5¢30).
ligands remain in register with all the base pairs in a target gg, 615 show experimental antitumor activity that is associ-
sequence of 10 base pairs. Some success has been achieve ted with inhibition of DNA topoisomerase enzymes. Al
in recognizing longer sequences by the use of flexible amino q oy ciusively A/T selective, with the trimers (together with
their substituents) recognizing up to seven base pairs, still
*This work was supported by Cancer Research UK (grant no. as 1:1 complexes. Recognition of yet longer sequences has
SP1384 to S.N.) and the Ligue Nationale Contre le Cancer (Equipe been achieved with the benzimidazole motif, by incorporating
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kcal* mol~t A-1. Equivalent calculations were also per-
N!N formed on structures for eight other sequences, including

N N \ several that were suggested by the subsequent footprinting
H H studies (see below). Canonical B-DNA duplex structures
RO 3R=Me, 4R=H OR were also used as starting points for these calculations. In
Ficure 1: (a) Schematic of the synthesis of compouBid(b) each case, the |n|t|:_:ll ligand starting positions were identical.
Structures of compoundsand4. Synthetic ChemistryCompound5 was assembled as

shown in Scheme 1. Thu$y-methylIN,N-bis(3-hydroxy-

propyl)amine 6) was reacted with thionyl chloride to
exemplified by molecule8 and4 (Figure 1), which notonly ~ produce the corresponding dichlorid¢60% yield), and this
exhibited high selectivity for the base sequence d(AATT) was reacted with 2 equiv of the sodium salt of ethyl
(a commonly studied motif of the minor groove of B-DNA) 4-hydroxybenzoate to produce the amiBe(95%). The
but also possessed marked selective cytotoxicity activity hydrochloride salt of 3,4;3-tetraaminop-biphenyl @) was
across a range of cancer cell lin&38,(34), combined with condensed with 4-methoxybenzoic acid using phosphorus
favorable cellular uptake properties. We have now designedpentoxide dissolved in methanesulfonic acid (PPMA) as both
a linker that enables two such symmetric bis-benzimidazole solvent and reagent to provide the benzimidad@l€32%).
molecules to be linked together such that a long stretch of This condensation between diamine and ester using PPMA
DNA sequence can be recognized while maintaining all of is far superior to our previous metho83, where condensa-
the benzimidazole subunits in register with the DNA base tion occurred between the diamine and the corresponding
edges. We describe in this paper the design, synthesis, andryl aldehyde when nitrobenzene was used as solvent and
preliminary evaluation of the first of these dimeric bis- oxidant, and gram quantities of bis-benzimidazoles can now
benzimidazole molecules5), which has the ability to  be prepared. Finally, benzimidazdlé (2 equiv) was reacted

recognize a run of almost 10 consecutive base pairs. with amine 8, again in solution in PPMA. This produced
the desired dimeric bis-benzimidazdg31%) as a yellow
METHODS solid after crystallization from DMFMeOH—water. Further
details and analytical data are given elsewh&@.(
Molecular Modeling.The goal of the modeling was to Purification of DNA Restriction Fragments and Radio-

ascertain whether symmetric Hienzimidazole units could labeling. The different plasmids were isolated frdascheri-

be linked together in a simple manner to actively recognize chia coli by a standard sodium dodecyl sulfasodium
the bases in a complete turn of B-DNA. The strategy adopted hydroxide lysis procedure and purified by banding in cesium
was to link two of the head-to-head benzimidazole dimers chloride—ethidium bromide gradients. The 117-bp DNA
that we have previously designed, and which we have fragment was prepared by-B2P]-end labeling of thé&caRl-
established are effective binders at A/T sequences. SeveraPuvull double digest of the pBS plasmid (Stratagene) using
different linkers were systematically examined, on the basis a-[32P]-dATP (Amersham, 3000 Ci/mmol) and AMV reverse
of the need to be able to adapt optimally to the curvature of transcriptase (Roche). Similarly, the 1604ypT fragment
the minor groove, and to maintain hydrogen-bonding as far was prepared by'3nd-labeling of the&ecdRl—Aval digest

as possible. The general composition of the linker region of plasmid pKMA98 (40). The two 198-bp fragments were
was finally chosen to be O(CH)}X(CH),O—, with the value obtained from plasmids pMS1 and pMS2 (kindly provided
of n and the nature of X being the variables. The symmetrical by Professor K. R. Fox, University of Southampton) after
DNA sequence d(CGAATTCGAATTCG) was used as the digestion with the restriction enzymetndIll and Xba (41).
template for ligand design, since it contains two of the In each case, the labeled digestion products were separated
d(AATT) motifs that we have previously shown to be on a 6% polyacrylamide gel under nondenaturing conditions
hydrogen-bonded to the benzimidazole subunits. A canonicalin TBE buffer (89 mM Tris-borate, pH 8.3, 1 mM EDTA).
B-DNA duplex structure was assumed as a starting point After autoradiography, the requisite band of DNA was
for the sequence, which was constructed using the BIOPOLY- excised, crushed, and soaked in water overnight atG7
MER module in the Insightll packag&%). The duplex was  This suspension was filtered through a Millipore 0/28-
energy-minimized using the AMBER936) force field in filter, and the DNA was precipitated with ethanol. Following
the HYPERCHEM (version 7) progran87) until conver- washing with 70% ethanol and vacuum-drying of the
gence was achieved, with a gradient<od.1 kcaf* mol! precipitate, the labeled DNA was resuspended in 10 mM
A-1. A distance-dependent dielectric constant was used, Tris, adjusted to pH 7.0, containing 10 mM NacCl.

= 4.0rj. The various ligands were constructed using the DNase | Footprinting.Bovine pancreatic deoxyribonu-
HYPERCHEM package, and partial charges were calculatedclease | (DNase I, Sigma Chemical Co.) was stored as a 7200
semiempirically using the MOPAC metho8g). The energy- units/mL solution in 20 mM NacCl, 2 mM MgGJ| 2 mM
minimized ligands were manually docked into the DNA and MnCl,, pH 8.0. The stock solutions of DNase | was kept at
positioned such that the benzimidazole subunits were avail-—20 °C and freshly diluted to the desired concentration
able to interact in the two AATT A-tracts in the same manner immediately prior to use. Footprinting experiments were
as observed from our previous crystallographic studies. Careperformed essentially as previously describé®) .(Briefly,
was taken to ensure that the starting positions for each ligandreactions were conducted in a total volume 0f10Samples
were as similar as possible and that each subunit was(3 uL) of the labeled DNA fragments were incubated with
maximally in register with DNA base edges. Each DNA 5 ulL of the buffered solution containing the ligand at the
complex structure was then energy-minimized until conver- appropriate concentration. After 30 min of incubation at 37
gence was judged to have occurred, with a gradiert@fl °C to ensure equilibration of the binding reaction, the
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Scheme 1: Synthesis of the Dimeric Bis-benzimidaZole
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digestion was initiated by the addition ofi2 of a DNase
| solution, the concentration of which was adjusted to yield
a final enzyme concentration of about 0.01 unit/mL in the
reaction mixture. The reaction was stopped by freeze-drying
after 3 min. Samples were lyophilized and resuspended in 5
uL of an 80% formamide solution containing tracking dyes.
The DNA samples were then heated at*@for 4 min and
chilled in ice for 4 min prior to electrophoresis.
Electrophoresis and Quantitation by Storage Phosphor
Imaging. DNA cleavage products were resolved by poly-
acrylamide gel electrophoresis under denaturating conditions
(0.3 mm thick, 8% acrylamide contairgr8 M urea). After
electrophoresis (about 2.5 h at 60 W, 1600 V in Fris
borate-EDTA buffered solution, BRL sequencer model S2),
gels were soaked in 10% acetic acid for 10 min, transferred
to Whatman 3MM paper, and dried under vacuum at@0
A Molecular Dynamics 425E Phosphorimager was used to
collect data from the storage screens exposed to dried gels
overnight at room temperature. Baseline-corrected scans were
analyzed by integrating all the densities between two selected
boundaries using ImageQuant (version 3.3) software. Each
resolved band was assigned to a particular bond within the
DNA fragments by comparison of its position relative to
sequencing standards generated by treatment of the DNA
with dimethylsulfate followed by piperidine-induced cleavage
at the modified guanine bases in DNA (G-track).

RESULTS AND DISCUSSION

Molecular Modeling. The modeling has shown that a
simple linker group can be devised such that both bis-
benzimidazole dimer groups can simultaneously bind into
the minor groove of the target DNA (Figure 2), with all four relative binding energies with the target DNA sequence used
benzimidazole groups interacting with-A base pairs by  in the design phase of the study (Table 1), and second, their
hydrogen-bonding. The four complexes examined have beenability to establish hydrogen bonds with the base-edge
ranked on the basis of two criteria; first, their calculated acceptor atoms in the minor groove. This latter was assessed

Ficure 2: Energy-minimized model for the interaction of com-
pound5 with DNA.
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3.2
by the pattern of distances between the corresponding
hydrogen-bond donors and acceptors. In view of the lack of
explicit solvent in the calculations, we have used the
modeling only as an indicative guide for the design and
subsequent solution studies. However since (i) the experi-
mental binding sites are generally in accord with the

predictions (see below) and (i) the experimental site size Ficure 3: Schematic representation showing the possible hydrogen-
found, of ~9—10 base pairs, is in accord with the r_no_del, bond co'ntacts ob with minor groove base atoms in the DNA
we suggest that the modeled structures are realistic ap-sequence d(CGAATTCGAATTCG).

interaction energies (Table 2) are significantly greater than

those of the two ligands with the O— linker groups. This

atom. All four of the linkers examined have at least some : P P b b2 P2 P
degree of effective van der Waals and hydrogen-bond torsion angle (deg) 13 16 11 9 14 12
hydrogen-bonding geometries overall superior to those of consecutive A/T bases and not making the maximum number
the bases in the target sequence, and we therefore considereaf possible hydrogen bonds. These differences are due to
base pairs (Figure 3). The four benzimidazole subunits arein register with the DNA B helix. The overall occluded site
required to be highly twisted in relation to each other, to size, of effectively 11.5 base pairs, is a marked increase in
here has two benzimidazole units hydrogen-bonding in this of ligand5 to effectively and specifically hydrogen-bond to
way (Figure 3), with the other two hydrogen-bonding to three the target DNA sequence throughout the binding site shows
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Table 1. Calculated Relative Interaction Energies (kcaldbr o, Me\o P
Bis-benzimidazole Dimers with Various Linkers, for Minimized t}ﬁ %\(
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proximations to the complexes in solution.
The two ligands having the central positively charged Table 3: Benzimidazole Torsion Angles in the Optimal
nitrogen atom in the linker were predicted to be best able to Conformation of Compoung®
bind in the minor groove, since their calculated relative

N

s
difference is primarily a consequence of the smaller inter- N b N
molecular electrostatic energy contributions of the latter two 0, M H o
ligands to the total binding energy compared to the energy =~ ©Me
contributed by those containing the charged linker nitrogen
contacts with the DNA minor groove floor, for all four aEach angle is defined by the four atoms facing into the minor
benzimidazole subunits in all four compounds. We find that groove, as shown for one bis-benzimidazole moiety. The two bis-
compoundb, which has a more favorable interaction energy benzimidazoles are designated 1 and 2, respectively, in the table.
than its analogue with-(CH,),— linker groups, also has
it to be the optimal compound of the four. Visual inspection the slight winding of DNA at this point in the structure,
shows that the full length of this optimized dimer ligand where A-like features are apparent.
covers a total of 1212 base pairs (Figure 2), although the ~ The modeling data indicate that the dimers containing the
total direct baseligand hydrogen-bonding site size is nine  —N*TH(Me)— linker would have a binding site that is fully
achieve hydrogen-bonding with A/T base edges (Figures 2length compared to the conventional head-to-tail bis-benz-
and 3; Table 3). The crystal structures of the head-to-headimidazole dimers, as in Hoechst 33258, with at most a 4.5-
bis-benzimidazole ligand88, 34) have each dimer hydrogen-  base-pair site, or a tris-benzimidazole, with a 7.5-base-pair
bonding to four consecutive A/T bases. The model presentedsite size. The predicted ability of both benzimidazole ends



5988 Biochemistry, Vol. 42, No. 20, 2003 Joubert et al.

TH e -Iulsuv- .r-» ®
o0, ..,,g.g]!'!ll‘l!ll‘llw.

{4
m-m;;um:m'lmm “!“"""!

F-ATAATGTTAA

Ficure 4: Gels showing DNase | footprinting with (A) 198-mer, (B) 117-mer, and (C) the 160-mer restriction fragments cut from plasmids
pMS2, pBS, and pM98, respectively. In each case, the DNA waseBd-labeled with ¢-32P]-dATP in the presence of AMV reverse
transcriptase. The products of nuclease digestion were resolved on an 8% polyacrylamide gel gontslinirea. Control tracks (Cont)
contained no drug. The concentratigrM) of the test drug is shown at the top of the appropriate gel lanes. Tracks labeled “G” represent
dimethylsulfate-piperidine markers specific for guanines. Numbers on the left side of the gels refer to the standard numbering scheme for
the nucleotide sequence of the DNA fragment, as indicated in Figure 5. The black and hatched boxes on gel B indicate the positions of the
two binding sites, with the corresponding DNA sequence, used for the quantitative analysis presented in Figure 6.

that the problem of helical phasing being a limitation to the footprinting substrates’(l), containing all 136 distinguish-
recognition of long sequences has been overcome in thisable tetranucleotide sequences*j(2 + (4*9/2 = 136].
instance. Accordingly, the synthesis of the dimeric bis- These two fragments, MS1 and MS2, contain the same
benzimidazoles, incorporating a propylaminopropyl-type sequence of 136 bp but cloned in the opposite orientations,
linker, was undertaken on the basis of these results from the5' — 3" and 3 —5'. With each fragment, the products of
modeling study. For synthetic reasons, we chose early in thedigestion by DNase | in the absence and in the presence of
project to prepare compoudvith a centraN-methyl group, the test drugs were resolved by polyacrylamide gel electro-
as indicated in Scheme 1 (and as modeled). phoresis. Typical DNase | digestion patterns observed in the
The interactions of compouriwith a range of sequences absence and in the presence of the benzimidazole compounds
having variations in the central 10 base pairs were modeledare illustrated in Figure 4. Significant differences between
after the footprinting studies, using the same protocol as the dimeric compound and the monomeric analogues can
employed with the four different ligands. Comparison of the easily be seen. For example, the simple bis-benzimidazole
interaction energies (Table 2) shows first that the site with compounds3 and4 both produce a marked footprint at site
all C-G base pairs is energetically highly disfavored. It is 5-AAAT located near position 50 within the MS2 fragment,
striking that sites containing one or two centralGCbase whereas the dimeb fails to bind to this site (Figure 4A).
pairs are not disfavored compared to aHfAones. There  On the other hand, a clear footprint can be detected %yith
appears to be a slight preference for sites with a central but not with the monomers, around position 85 on the 160-
sequence'STGT, although this conclusion must be tentative mer at a site encompassing the sequerid®TATCAAAT
in view of the fact that only a small sampling of the possible (Figure 4C). Another marked difference can be seen with
sequences has been performed. The modeling also showshe 117-mer fragment, where compouskdtrongly protects
that compound has high affinity for a purely alternating the sequence'sAATTGTAATA from cleavage by DNase
A/T sequence. However, this is probably more a reflection I, whereas the protection is considerably weaker Bitr 4
of the sequence in the vicinity of the linker and is consistent (Figure 4B). A densitometric analysis of the different patterns
with the slight preference for an alternating pyrimidine  was performed to estimate the location and relative strength
purine—pyrimidine sequence in the center of the binding site. of binding at particular DNA sites. Figure 5 shows the
DNA Footprinting.DNase | footprinting methodology has differential cleavage plots determined with the four DNA
been used to investigate the sequence selectivity of thefragments in the presence of the bis-benzimidazole com-
dimeric bis-benzimidazole compouidand its monomeric ~ pounds. The dips in these plots (negative values) indicate
bis-benzimidazole precursors. Four DNA restriction frag- sites of protection from DNase | cleavage, whereas peaks
ments were prepared by-8nd-radiolabeling wit#2P. On (positive values) indicate regions of drug-induced enhance-
one hand, we used fragments with random DNA sequencesment of nuclease cleavage. A total of eight binding sites were
such as the 117-mer from plasmid pBS and the 160tymé&r identified for compound8 and4. These two bis-benzimi-
fragment containing the tyrosine tRNA promoter. These two dazoles produce identical cleavage patterns, but in some cases
DNA pieces have been used previously to study sequencethe footprints are slightly more pronounced with the OH
recognition by a variety of minor groove binders, including compound compared to its methoxy derivatiae With the
bis-benzimidazolesi3, 44). On the other hand, we employed 117-mer and 160-mer DNA fragments, the binding sites
two designed fragments of 198 bp, referred to as “universal observed with these two compounds are identical to those
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Ficure 5: Differential cleavage plots comparing the susceptibility of the different restriction fragments to DNase | cutting in the presence
of the bis-benzimidazole compounds [(A) 117-bp atM and 160-bp at M; (B) MS1 and MS2 each at2M]. Negative values correspond
to a ligand-protected site, and positive values represent enhanced cleavage. Vertical scales are in urits-dh(fyf, wheref; is the
fractional cleavage at any bond in the presence of the drud.asdhe fractional cleavage of the same bond in the control, given closely
similar extents of overall digestion. Each line drawn represents a three-bond running average of individual data points, calculated by averaging
the value of Infy) — In(fy) at any bond with those of its two nearest neighbors. Only the region of the restriction fragment analyzed by
densitometry is shown. Black boxes indicate the positions of inhibition of DNase | cutting in the presence of the dimeric c@nandnd
hatched boxes refer to the positions of binding sites for the monomeric bis-benzimidazole compaumads

recently reported with the same pieces of DNA with Hoechst detrimental to minor groove binding, presumably because it
33258, Hoechst 33342, and related head-to-tail bis-benzimi-has the effect of widening the minor groove and disrupting
dazoles 43). The eight binding sites fo8 and4 contain at the spine of hydration moti#@). d(TTAA), tracts display a
least four contiguous A base pairs, such as-BTTT, 5- wider minor groove than d(AATTE)segments and a disor-
AAAT, and 5-AATT, for example. The footprints are strictly  dered hydration patterri{).

restricted to AT-rich sequences and in particular those that The situation is radically different with compoutad On
lack a TpA step. For example, compourgiand4 both bind one hand, this dimeric bis-benzimidazole compound does
strongly to the sequencé-BAAT near position 52 but not  not bind to short [AT],4 tracts. This is particularly obvious
to the sequence€d TAA around position 87 within the MS2  with the MS2 fragment, which does not provide any good
fragment (Figure 5). Similarly, sequences such'a& AT binding site for it. On the other hand, this compound
and 3-TTAT are poorly recognized. As recently discussed produces marked footprints at several well-defined A/T-rich
(45), a TA step at one end of a 4-bp AT sequence is quite sites where the monomeric compourisand 4 bind only
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FiGure 6: Footprinting plots for the binding of the monomer8) (
and dimeric §) compounds to the sites-3TTT and 3-AATTG-
TAATAC. The relative cleavage intensity corresponds to the ratio
IJ/lo, Wherel. is the intensity of the given bands at the ligand
concentrationc and |, is the intensity of the same band in the
absence of the test drug.

weakly. This is particularly clear for the sequencés 5
TTATGTAAA (positions 72-80 in MS1), BATATCAAAT
(positions 82-90 on the 160-mer), and-AATTGTAATA

Joubert et al.

affinity binding site for 5 but not for the monomeric
compounds3 and4, which at best recognize only one-half
of the maotif. It should be noted that weak footprints were
also detected with at two sequences that do not match with
the optimal motif: 5>AAAATGAACT (positions 42-51)

and 3-AATTTTC (positions 2733) within thetyrT frag-
ment. In the first case, the large size of the footprint suggests
that the two halves of the dimer are both effectively bound
to DNA, whereas in the second case, it is possible that only
one-half of the dimer is inserted in the minor groove because
the footprint at this site is comparable with those produced
by 3 and 4. Nevertheless, footprints at these two sites are
much weaker compared to those at the sites corresponding
to the preferred binding site sequence motif TA-[G-C]-
[A-T]s. It is also apparent that A/T sequences of87
consecutive AT base pairs, such as-BAATTAA or 5'-
AAAAATAT, are not protected from DNase | cleavage by

5 (data not shown). This is unsurprising since these are not
quite long enough to accommodate the predicted binding site
size of compouncb. Thus, at present, we cannot exclude
the possibility that longer A/T tracts, with nine or more
A-T base pairs, would provide suitable binding sitesSor

A site-selection method is well-suited to define more
precisely the sequences of all potential binding sites, and
we propose to examine this question in future studies.

A concentration-dependent analysis was performed to
better compare the magnitude of binding of the two bis-
benzimidazole monomeric compouriand4 to two distinct
binding sites within the 117-mer fragment. The footprint plots
presented in Figure 6 show most clearly thdtinds poorly
to the site containing’5TTTT but shows a high affinity for
the sequence 'BAATTGTAATAC. On the other hand,

(positions 206-29 on the 117-mer). These three sequences compound3 binds much more weakly to this later site and,

present a common motif [A]4-[G-C]-[A-T]4 which is well-

in fact, recognizes only the'fhalf (i.e., AATT) of this

suited to accommodate the extended minor groove binder,sequence (Figure 5). F&f the drug concentration required

in accord with the expected recognition site foiThese have

for half-maximal footprinting (the so-calledsgvalue, which

the two bis-benzimidazole moieties each recognizing an approximates the dissociation constant for binding to an

[A-T]4 tract and the linker bridging the centralG base
pair. The [AT]+[G:C]-[A-T], motif clearly provides a high-

Ligand

DIOC,

individual site) is about 0.18M for the 53-AATTGTAATAC
site, whereas it iss5 uM for the 5-TTTT site. We can

Ligand +DiOCs Ligand +PI

Ficure 7: Fluorescence micrographs of HT-29 colon carcinoma cells stained with the indicated compaivideégh in blue), with
propidium iodide (Pl in red), or with 3,3-dihexyloxacarbocyanine iodide (Qi@Qreen). Images on the right side of the figure show the
overlay of the minor groove binder with PI (bldered) or with DIOG (blue + green). The cells were incubated with the test drug for 24
h, washed, fixed with 2% paraformaldehyde, and then labeled with Pl PI1) or DiOGs (20 nM) prior to the microscopy observation

(x63). Results are representative of three independent stainings. The experimental procedure used for these experiments has been recently

described in detail48).
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therefore conclude that the {A]4-[G-C]-[A-T]4 motif rep- ACKNOWLEDGMENT
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at variance with the preferences shown by small, A/T- REFERENCES

selective ligands such as the bis-benzimidaz8lasd4 (33)
and Hoechst 33258 itsel#§). We suspect that this may be

a consequence of the lack of structural perturbations induced 2.

in DNA by the linker in compoundb. We are currently
studying these issues in more detail.
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