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The fluorescence of pyrene monomer has been widely
investigated as a potential probe of DNA and RNA secondary
and tertiary structuré. However, in most cases, its use as a
probe suffers from the efficient quenching of its fluorescence
by nucleobase%® Pyrene excimer fluorescence, on the other
hand, is less subject to quenching by donors and acceptors than
is pyrene monomer fluorescentand thus might prove to be
a more selective probe of DNA base sequence or structure than
pyrene monomer. Several attempts to employ pyrene excimer
fluorescence as a probe for duplex or ternary complex formation
between singly-labeled oligonucleotides have proven unsuc-
cessfuf Mixtures of pyrene monomer and excimer fluores-
cence have been observed from single-stranded oligonucleotides

with pyrene labels on adjacent basefsom duplexes formed  Figure 1. (a) Fluorescence spectra of@H at room temperature in

by multiply labeled poly(dG-dC) prepared by reaction with nitrogen-purged CHOH (1.05x 106 M, Jex = 340 nm) and KO (1.16
benzopyrenediol epoxideand from oligonucleotidepolyamide x 1078 M, dex = 348 nm). (b) Fluorescence spectra of oligomers and
conjugates in which the polyamide bears multiple pyrénes. duplexes at room temperature in nitrogen-purged aqueous solution (pH
However, the total emission is not sequence selective. We 7.2, 1 M NaCl, 30 mM sodium phosphate), = 350 nm: oligomer
report here the synthesis of a bispyrenyl alcon@®R and the I (5.4 uM), oligomer Il (2.6 uM), duplex LIl (5.4 uM for each
oligonucleotide conjugatdsandll in which the bispyrenyl label oligomer), and duplex I:IV (2.6:M for each oligomer).

is attached to the'fphosphate (Chart 1). The pyrene monomer/

excimer fluorescence ratio decreases upon duplex formation,Chart 1
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and the pyrene fluorescence intensity is strongly quenched by 1 5 P | I l l r l | l l l 3
gn ?djalgeNrK non-base-paired dT, both in single-stranded and T¢ T 6 AAGT C G
uplex : . P .
The bispyrenyl alcohol OH was synthesized in five steps s l | | l [ | ' I | | 3
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from 1-pyrenecarboxaldehyde and 1-pyrenebutyric &dRkac-
tion of P,OH with 2-cyanoethyIN,N-diisopropylchlorophos-
phoramidite provided the phosphoramidite in 37% yield. The
bispyrenyl (B) labeled oligonucleotidelsandll and unlabeled
complementary sequencéi$ —VIII shown in Chart 1 were
prepared by using an automated DNA synthesizer with con-
ventional phosphoramidite reagents and were purified by
reversed-phase HPLC. ) ) ) .
P,OH displays a structured long wavelength absorption band @nd the decay time is 181 #S. The high monomer/excimer
similar to that of pyrene in methanol solution. Its fluorescence fluorescenqe ratio and Iong decay time indicate that neither static
spectrum is dominated by structured monomer fluorescencenor dynamic self-quenching of pyrene monomer occurs to an
(Figure 1a) for which the fluorescence quantum yield is 0.14 appreciable extent, as expected for a bispyrene with a seven-

III: 3-AGACTTCAGC-5'

IV: 3-CGTTTTATGC-5'

V: 3-GAGACTTCAGC-5'

VI: 3-TAGACTTCAGC-5'

VII: 3-TTTTTAGACTTCAGC-5'
VIIIL: 3-TTTTTCGTTTTATGC-S'

P,OH:R =H
P,: R = phosphate
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atom linker!! In aqueous solution, the absorption band gf P
OH is broadened and its emission spectrum is dominated by
excimer fluorescence (Figure 1a). Excitation in the red-edge
of the absorption band (355 nm) results in a higher excimer/
monomer ratio than excitation at the first absorption maximum
(330 nm). These observations are indicative of ground state
aggregation of fOH12 The excimer fluorescence gquantum
yield in aqueous solution is 0.49 and the fluorescence decay is
biexponential (Table 1% Biexponential fluorescence decay has
been observed for othemtthis(1-pyrenyl)alkanes and the long-
and short-lived components attributed to fully and partially
overlapping excimer geometriés.

The absorption spectra of the-Rbeled oligonucleotideb
andll exhibit long wavelength bands, similar to that ofo
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Table 1. Fluorescence Quantum Yields, Monomer/Excimer Ratios, |V with their unlabled complements (49 and 5C, respec-
and Decay Times for Bispyrenyl-Labeled Oligomers and Duplexes  tjvely). Similar thermal dissociation profiles are obtained for

bispyrenyl label D2 I/l 7, ns (%Y both duplexed:lll andIl:IV , monitoring absorption at 260
(nucleobase band) or 350 nm (pyrene band). The fluorescence
FZOH 8_'388 8:33 22_‘; gg))’ gg:g 8‘3 spectra of the duplexddll andlIl:IV are shown in Figure 1b.
-0 0.04 0.27 4.7 (96)”21.1 ) The monomer/excimer fluorescence intensity ratio decreases
Il 0.10 0.81 14.4 (51), 42.9 (49) upon duplex formation. In addition, the excimer fluorescence
:1v 0.08 0.27 13.6 (96), 46.0 (4) intensity of l:lll is 5-fold larger than that of, whereas the

a All samples were in air-saturated aqueous solution (pH 7.2, 1 M Intensllty of Il:IV IS.S"ghtly less than thfit dﬁ.' Addition of
NaCl, 30 mM sodium phosphate) at room temperature; 1-pyrenebu- tN€ mismatched oligomé¥ to | results in neither hypochro-
tanoic acid (; = 0.6%) was used as an actinometeRatio of emission micity nor a change in fluorescence spectral of Thus the
maxima for monomer (379 nm) and excimer (462 nm) fluorescence. increase in fluorescence intensity observed upon additidih of
¢ Aqueous solutions~ 10® M, pH 7.2, 1 M NaCl, 30 mM sodium  to | must be a consequence of duplex formation. The
phosphate) were purgbed with nitr]?g_en'l Dehcay times were mtiaSUVEdfluorescence decays of bottll andIl:IV can be best fit by
o oom temperature by ez o sle phoion counting l?_ & dual exponental, which s dominated by the shorte-ived
nentials for the decay components. component. The increase in excimer fluorescence intensity of

| upon duplex formation is not accompanied by a proportional

in aqueous solution, and overlapping pyrene and nucleobaselncrease in lifetime. A decrease in static quenching upon duplex

absorption bands below 300 nm. The unlabeled oligonucle- formation could accpgnt for this dlsparl_ty. . .
otidesll —VIIl have no absorption bands above 300 nm. The The effect of hybridization of andIl with ollgonupleotldes
fluorescence spectra df and Il are shown in Figure 1p.  having the same sequencelisandIV but possessing one or
Monomer/excimer fluorescence ratios and excimer fluorescenceMOre exira bases at thet8rminus has also been investigated.
quantum yields and decay times forand Il are reported in Thg excimer fluorescence intensity of the hybridl ofith V,
Table 1. Comparison of the data to that foOP reveals that which possesses an extra G, is similar to thatlbf . However,
the reduction in fluorescence quantum yield is significantly the hybrid ofl with VI, which possess an extra T, is more
greater than the reduction in lifetime. We have observed a Weakly fluorescent®; = 0.01). Very weak excimer fluores-
similar disparity in intensity vs lifetime quenching of singlet C€nce is observed for the hybrids of and Il with the
stilbene in oligonucleototide conjugat®sThis disparity might ~ OligonucleotidesVil and VIl , respectively ¢; < 0.005 for
reflect the polymorphic nature of single-stranded oligonucle- I*VIl and®¢ = 0.02 forll:VIil ).

otides, which could result in highly efficient fluorescence  The increase in f observed for the duplexddll andIl:
quenching by neighboring nucleobases in some conformations!V compared to duplexes lacking thg|Rbel indicates that the

but not in otherd® The higher monomer/excimer ratio for ~ 1abel perturbs the equilibrium between the single strand and
andll vs ROH is consistent with the absence of aggregation duplex. A similar increase in T has been reported for the
of the labeled oligonucleotides. duplex formed between d-pyrene labeled dT 15-mer and the

Quenching of pyrene monomer fluorescence has been ex-Complementary dA 15-méf,and a larger increase inyThas
tensively studied in both covalent and non-covalent complexes f€cently been reported for a self-complementary DNA duplex
of nucleosides and single-stranded oligonucleotfde$. Gea- with dangllng_ pyrenes at _bOth ends. These _observatlor_ls
cintov and co-worke?§17 have proposed an electron transfer have bee.n attributed m$tack|ng of th_e pyrene wlth t.he exterior
mechanism for fluorescence quenching in which the base servef the ulimate base pair. Model building studies indicate that
either as an electron donor or acceptor, thymine being the best"2 1abel is capable of end stacking, grove binding, or intercala-
acceptor and guanine the best donor. Faster rates are observeiPn Of one pyrene between the terminal base pair and its
for quenching of pyrene monomer by dT vs dG, in accord with N€ighbor. Grove binding of pyrene seems incompatible with
the larger calculated driving force for quenching by dT. Faster the significant increase inf#and the observation of excimer
quenching of pyrene monomer by the adjacertBin | vs quenching by dangling dT’s in the duplexe¥! , I:VIl , and

the B-dG inll can account for the lower yield of both monomer V11 . Intercalation is incompatible with the observation of
and excimer fluorescence forvs Il (Figure 1 and Table 1).  Strong excimer and little monomer fluorescence and excimer

Once formed, the pyrene excimer may be less sensitive to fluorescence quenching by dangling dT's. An end-stacked
quenching by nucleobases than is pyrene monomer, in accorgstructure is consistent Wlth the obser\_/anon of hypochromlsm
with the lower singlet state oxidation and reduction potentials for the pyrene absorption band, the increase in the low
of pyrene excimer vs monomérComparison of the excimer monomer/excimer fluorescence ratio, and quenching by dangling
fluorescence decay times forandIl vs PBOH suggests that dT’s. ] ] ,

dT is a more effective quencher than is dG for pyrene excimer In the absence of proximate non-base-paired dT's, the P
as well as pyrene monomer fluorescence. labeled oligonucleotides and Il and their duplexes have

Hybridization of| andll with their unlabeled complements ~Moderately high quantum yields for excimer fluorescence.
Il and IV, respectively, results in the formation of duplexes Based on the pronounced solvent dependence of the monomer/

which have higher melting temperaturd (= 56 °C for both e>§cimer ﬂuqrescence ratio for,®H (Figgre la), Rlabeled .
Il andIl:IV ) than those of the duplexes formed by and oligonucleotides should also be sensitive to local solvation
effects. As such they have potential applications in probing
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