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In contrast to a fully matched duplex, DNA containing bulged
bases and mismatched base pairs exhibits remarkable and uniqu
reactivity toward drug binding. Due to the intrinsic thermodynamic
instability, these structurally fluctuated sites in duplex are exceed-
ingly susceptible for drug interactiods!® The ligands selectively
binding to the bulged and mismatched sites have been acknowl-
edged as novel reagents for chemical-typing of genetic disorders
such as single nucleotide polymorphistisi? We have reported
that 2-amino-1,8-naphthyridine derivatilepossessing hydrogen
bonding groups fully complementary to a guanine selectively binds
to and stabilizes a guanine bulge dup¥éx-ollowing the non-
covalent binding to a guanine bulge, covalent bond formation
between the ligand and the bulged DNA may provide a new method
for chemical labeling of DNA containing a guanine bulge. Toward
this end, we have designed electrophile-tethered naphthyritline
having DNA-alkylating epoxide. In addition to the role of a
recognition elementN-acylated naphthyridine i2 is envisioned

to function as a masked fluorescent chromophore, because hy-

drolysis of the amide linkage producing 2-aminonaphthyridine
induces a 15-fold increase in the fluorescence intensity at 396 nm.
We here report that epoxide-tethered naphthyridreelectively
labels the guanine bulge duplex by formation &-aDNA adduct.
Subsequent hydrolysis of tt#2-DNA adduct unmasks the probe
and releases fluorescent 2-aminonaphthyridine.
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Epoxide-tethered naphthyridiavas synthesized by the reaction
of (§-epichlorohydrin with the primary amino group &f and a
subsequent conversion of the resulting chlorohydrin to $e (
epoxide (Sl, Scheme S1). Molecular modeling studies on the
hydrogen-bonded pair & and guanine bulge suggested that the
electrophilic epoxide located in a major groove can reach nucleo-
philic N7 of purines and amino groups of adenine and cytosine
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Figure 1. HPLC profiles for the reaction of () GT/A_A and (b)TCT/

A_A (62.5uM) with 2 (125xM) in 50 mM sodium cacodylate buffer (pH
7.0) at 4°C for 18 h. The numbers in parentheses are the relative amounts
of the oligomers consumed by the reaction. dT was added as an internal
standard.

TGT relative to the internal standard dT was decreased by 18%,
whereas the other stramél A was nearly unchanged. Beside the
guanine bulge duplex, the reaction wizghwas observed with a
reduced efficiency for the cytosine bulge dup®eQT/A_A (Figure

1b) but not at all for those containing adenine and thymine bulges
(Figure S1). The observed preference of the guanine bulge duplex
for the labeling with2 is consistent with the binding preference of

1 to a single nucleotide bulge (e.g., & C > A, T).8 We have
evaluated the labeling reaction of thg){enantiomer o2, which

was slower than that of the&Sf-enantiomer (Figure S2).

The site of covalent bond formation 8-TGT was unambigu-
ously determined by identifying the oligomer fragments upon strand
cleavage. Thus, isolatedTGT was heated in an aqueous solution
producing apurinic DNA d(GTTTG TTG GA) (@pTGT) where
@ denotes an apurinic site, accompanied by an isomerization to
2—TGTx eluting more slowly tha2—TGT (Figure 2a). Molecular
weight of apTGT (m/z 3282.67, calcd for [M— H] 3282.55) is
consistent with a release df-guanine adduct fron2—TGT,
wherea®—TGTx shows the same molecular weigh't 3702.23)

within two base pairs from the bulged guanine. The labeling reaction with 2-TGT. We could not detec?-guanine adduct by HPLC.

of 2 was first examined on bulge-containing duplexes - @5 T
GTXT TG GA-3)/d(3-CAA CA A ACC T-5) (TXT/A_A) where

X denotes a bulged base. The reaction was monitored by HPLC,
and major products were identified by MALDI-TOF MS. Incubation
of the guanine bulge-containing dupl@&T/A_A with 2 produced

an adduct of th@GT strand —TGT) (Figure 1a). MALDI-TOF

MS of 2—-TGT (m/z3702.13, calcd for [M— H] 3701.73) showed
that one molecule o2 was bound tofGT. The amount of intact
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Heating2—TGTx regeneratedpTGT and2—TGT, indicating that
2—TGT and2—TGTx equilibrated under the conditions and slowly
producedapTGT.** Strand cleavage of isolategpTGT at the
apurinic site was carried out by heating in an aqueous piperidine.
Subsequent dephosphorylation of the products with alkaline phos-
phatase produced two oligomer fragments (Figure 2b). One

fragment was identified as d(GTT) by M&Wz 874.31, calcd for

[M — H] 874.18) and coelution with the authentic oligomer,

whereas the other fragment was d(TGTTGGAJZ2149.38, calcd

[M — H] 2149.39). These analyses confirmed that the covalent bond

10.1021/ja0350740 CCC: $25.00 © 2003 American Chemical Society
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Figure 2. HPLC profiles for (a) the degradation @TGT at 90°C for
30 min and (b) oligomer fragments produced from isolaa@d GT by
treating with 10% piperidine at 90C for 20 min and subsequent
dephosphorylation with alkaline phosphatase (1 uhit/10% v/v) at 37
°C for 2 h. The peak marked with an asterisk was impurity.
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Figure 3. Fluorescence spectra recorded in 10 mM sodium cacodylate
buffer (pH 7.0) excited at 352 nm. Key: crude hydrolysate ofXay GT

(red line) and (bP-2-CGC (blue) in 700uL of buffer solution, (c) 2-amino-
1,8-naphthyridine (1@&M) (green), and (d)L (10 «M) (black).

formation between dupleXGT/A_A and?2 occurred at the N7 of
the guanine two bases away the guanine bifige.

Affinity labeling using 2 was also examined on duplex &(5
GTT GCGCTG A-3)/d(3-CAA CG G ACT-5') containing the
guanine bulge flanking two 6C base pairs@GC/G_G). The
reaction of CGC/G_G with 2 produced an adduct containing two
molecules o2 on theCGC strand 2-2-CGC) (m/z 3630.26, calcd
for [M — H] 3628.82) (Figure S3). Adenine, cytosine, and thymine
bulges with two G-C flanking base pairs did not produce distinct
2 adduct. Sinc@-2-CGC underwent neither depurination nor strand

cleavage reaction upon heating, the labeling reaction is most likely

to occur at the amino group of two cytosines flanking the guanine
bulge (Scheme S3).
Having confirmed the selective labeling of guanine bulge DNA,

unmasking of the fluorescent chromophore was next investigated.

2—TGT prepared from 156 nmol of GT/A_A was treated with
35% hydrochloric acid for 15 min at 40C.16 After concentration

of the reaction mixture to dryness, the crude hydrolysate was

dissolved in 10 mM sodium cacodylate buffer (pH 7.0). The

fluorescence spectra of the hydrolysate were recorded with an

confirming the affinity labeling of the guanine bulge DNA By
Comparing the fluorescence intensity of the hydrolysate with that
of authentic solution, the concentration of 2-amino-1,8-naphthyri-
dine in the hydrolysate was about g® (in 750 uL, 27 nmol),
indicating the overall yield for the covalent bond formation and
hydrolysis to be 17%. This yield is in a good agreement with the
oligomer consumption (18%) obtained by HPLC with internal
standard of dT (cf. Figure 1a). By the same procedure of unmasking,
hydrolysate oR2-2-CGC prepared from 44 nmol dEGC/G_G and

2 showed a fluorescence of 2-amino-1,8-naphthyridine with a
concentration of 2uM (in 700 L, 15 nmol). The overall yield
for the labeling of CGC/G_G and unmasking was about 17%.

The affinity labeling targeting the guanine bulge is a conceptually
novel method for the postsynthetic labeling of DNA. Two examples
described here showed the labeling of the guanine bulge-containing
strand. Hybridization of a probe DNA possessing one extra guanine
especially between two cytosines to the target sequence provides a
unigue site for the labeling by masked fluoroph@®¥ Because
synthesis of fluorescent-labeled oligomers is a bottleneck in
reducing the cost of most genetic typing, the technique we described
here may have broad application in the genetic typing without using
a conventional synthesis of fluorescent-labeled DNA oligomers.
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