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Fluorescent Sequence-Specific dsDNA Binding Oligomers
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Sequence-specific detection methods for double-stranded DNA  a) b)
(dsDNA,) that obviate the need for denaturation would provide ACCGGATACG GeAGG-3' AP CceHAGGEETAGCAGG-3"
useful tools for bioorganic chemistry and geneti€evious efforts, A( .8 ]. AC +
such as molecular beacdms peptide nucleic acidthiazole orange GCCOTATGCACEETCC-5 A > GchTcggTCGch—E'
(PNA-TO) conjugate$,require harsh denaturation conditions for ” s
hybridization to single-stranded DN#* Previous efforts from our
laboratory for the sequence-specific detection of dsDNA have T 5galACGg-¥ 8  5-2aGGGGta-y
focused on pyrroleimidazole (Py-Im) polyamidefluorophore 2 5-gaTACCtg-3' 9 5-caGGGGte¥
conjugates, such as tetramethylrhodamine (TMR) or thiazole orange 3 5-gaTGCGtg-3' 10 5-caGGLGtg-3'
(TO), that bind in the minor groove of DNA.” TMR fluorescence 4  5'-gaGACGtg-¥ 11 5-calGGGte-3'
was shown to be quenched when the fluorophore was covalently 5  5-caTAGGtg-3' 12 5-caGCGGtc-3'
linked to the ring nitrogen of a pyrrole recognition element within 6  5-caGGCGtg-3' 13 5-caTAGGtg-3'
a polyamide. Remarkably, fluorescence was restored in a sequence- 7 5-<aGCGCeg-3' 7 5-caGCGCeg-3'

dependent manner upon binding to dsDN8imilarly, polyamide- Figure 2. Design of dsDNA library. (a) dsDNA sequences used@dr.
TO intercalator conjugates also demonstrate fluorescence enhanceg,) dspNA sequences used for.

ment in the presence of match dsDRA.

Having established Py-Im polyamigelye conjugates as a a) BOE08 Anax =470 nm
suitable platform for sequence-specific fluorescent dsDNA detec- :
tion 36 we sought to develop a new class of fluorescent DNA binders 8 45E00 1 o 1 1o SDNA
wherein the fluorescent moiety is an integrated part of the E '§ 01+ 100 1M1
recognition modules. We report here the design of sequence-specific 8 Z 3.0e+0s 01+10nM1
fluorescent dsDNA-binding oligomers (Figure 1) which incorporate %E 01+0nMA
multiple 6-5 fused dimer recognition modutemd show a marked L_%" 1.SE+06
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= I'!l NS‘— Figure 3. Fluorescence emission spectra@f andO2 (1 uM) after 12 h
Im-lp-_—" gﬁ_;, H incubation with their match binding site dsDNAg = 340 nm). (a) Data
/ N‘W\ for compoundO1. (b) Data for compoun®2. The emission was shown to
,.IJ’)I_N N plateau beyond 1 equiv DNA. (See Supporting Information for plots.)
e T@
“Py-Bi- L .
ﬂ ) fluorescent enhancement upon excitation at 340 nm in the presence
H~'!‘:/an ]’QN '/ of dsDNA. OligomerO1 contains the chlorothiopher®enzimid-
= TO(\’ “Py-Bi- azole (Ct-Bi-), pyrrole-imidazopyridine (-Py-Ip-), and imidazote
o hydroxybenzimidazole (-Im-Hz-) recognition modules, whereas
02 DO m[.]’m[.] oligomerO2 contains imidazoleimidazopyridine (Im-Ip-) and two

Figure 1. Structure of oligomers. (a) Oligom&1 containing Ct-Bi-, -Py- pyrrole-benzimidazole (-Py-Bi-) modules. The binding affinities

Ip-, and -Im-Hz- recognition modules. (b) Oligom®@@ containing Im-Ip- of O1 and O2 targeted to two biologically important sequences,
and two -Py-Bi- recognition modules. 5'-ATACGT-3 (01) and 3-WGGGGW-3 (02), were determined
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Figure 4. Plot of dsDNA concentration versus normalized fluorescence
for each dsDNA. (a) Data for compour@il. (b) Data for compoun®2.

to beK, = 1.6 x 1® Mt and 2.6x 10° M1, respectively, by
quantitative DNase | footprinting.1t

A library of dsDNA hairpins containing six base-pair match and
mismatch binding sites fd1 andO2 was used to investigate their
emission properties (Figure 2). The dsDNA library @t andO2
contained match sited @nd8, respectively), single base-pair (bp)
mismatch sites2—5 and10—12, respectively), double bp mismatch
sites 6 and 13, respectively), and full mismatch site® for both
oligomers). The dsDNA contains the 4-G match site of oligomer

and7 showed a significant diminution in fluorescence intensity for
0O1. OligomerO2 exhibited a similar trend in sequence specificity,
with a moderate decrease in fluorescence intensity observed upon
incorporation of single base-pair mismatch@s {2) and a more
significant decrease with multiple mismatchds8 @nd 7, Figure

4b).

Sequence-specific DNA binding molecules containing a fluo-
rescent switch integrated as part of the recognition modules provides
a method to detect DNA sequences without denaturation and in
the absence of conjugation to a dye molecule. Fluorescent oligomers
may be useful as site-specific chromosome paints for telomeric and
centromeric repeat®P and could provide insight into cellular
trafficking of DNA binding compounds.
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