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In this review, we report DNA duplex-based fluorescence probes/sensors using pyrene monomer-excimer switching.
The review mainly comprises two topics: 1) excimer-monomer switching molecular beacons (EMS-MB) and 2)
monomer-excimer switching sensors based on the structural motif of antibodies. The EMS-MBs have two pyrene fluoro-
phores connected both at 3" and 5” ends of a single-stranded oligonucleotide. Emission switching occurs from excimer to
monomer accompanying isoemissive points when the probes hybridized with target DNAs. The isoemissive points indi-
cate the presence of only two fluorescent species, nonhybridized and hybridized probes in the mixtures, and thereby un-
ambiguous detection of the targets is available. The probes can detect target 19-mer DNAs and can discriminate the tar-
gets from their single-nucleotide mismatches at 1 nM concentration. Furthermore, the EMS-MBs have been recently ap-
plied to kinetic study for RNase H activity by Tan et al. The structures and emission-switching properties of the EMS-
MBs encourage us to develop a new class of fluorescent sensors based on the structural motif of antibodies. The sensors
consist of three functional regions, benzo-15-crown-5 ether (or per-O-methylated S-cyclodextrin) , DNA, and pyrene as
guest-binding, dimerizing, and sensing sites, respectively. The crown- and CD-modified sensors can detect potassium ca-
tion and porphyrin derivatives, respectively, by monomer-excimer emission switching.
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Fig. 1. Traditional Molecular Beacons (FRET-MBs).
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FRET-MBs were labelled with FAM and DABCYL at 5" and 3" ends of single-stranded oligonucleotides with a stem-and-loop-structure, respectively. Upon
hybridization with a wild type DNA, the FRET-MBs undergo the dynamic conformational change and the fluorescence restores. On the other hand, the conforma-

tional change can not occur in the presence of a mutant DNA.
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Fig. 2. A Schematic Representation of Monomer-excimer
Switching Probes Reported by Masuko et al.
Fluorescence changes from monomer to excimer upon the formation of
ternary complexes between the pyrene-modified two probes and target
DNAs.
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Fig. 3. Excimer-monomer Switching Molecular Beacons
(EMS-MBs) .

EMS-MBs were dually labelled with pyrene at both 3" and 5" ends of sin-
gle-stranded oligonucleotides with a stem-and-loop structure. The stem-
close-shaped EMS-MBs predominantly emit the excimer fluorescence (yel-
low-green) . In the presence of a wild type DNA, the EMS-MBs hybridize
with it to emit the monomer fluorescence (pale blue).
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Fig. 4. Fluorescence Titration Spectra of EMS-MB

([EMS-MB]: 200 nm, [MgClLy]: 5mwm; [KC1]: 50 mm, [Tris-HCI]: 20
mM, at pH 8.0) in the presence of a fully complementary target DNA (0.1-
1.0 equiv.) ; Aexcitation=2345 nm. Photographs represent that a visual discrimi-
nation of the color change for EMS-MB (2 um): yellow-green (right) and
pale blue (left) fluorescences in the absence and presence of 1 equiv. of the
target, respectively.
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Fig. 5. Fluorescence Titration Spectra of FRET-MB

([FRET-MB]: 200 nm, [MgCl,], 5 mm, [KCI]: 50 mm; [Tris-HCI]: 20
mM, at pH 8.0) in the presence of a fully complementary target DNA (0.1-
1.0 equiv) ; Aeycitation =495 nm.
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Fig. 6. A Schematic Representation of the Fluorescence Mechanism of Using EMS-MB to Study RNase H Activity
Inset: an image of time-base fluorescence monitoring of RNase H cleavage activity at 485 nm with EMS-MB.
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Fig. 7. The Structural Motif of Antibodies (a) and the Molecular Design for Fluorescence Sensors Working in Water (b)
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Chemical Structures of 1 and 1”7 (1a”+1b")

Monomer Emission

g

g

Excimer Emission

1Y T

400 . 500 600
Wavelength (nm)

]
]
I

Relative Intensity (a.u.)

Fig. 10. Fluorescence Titration Spectra of 1
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Fig. 12. A Schematic Representation of a Duplex-based Fluorescent Sensor 2 with Monomer-excimer Switching in the Presence of
TPPS as a Guest Molecule and Chemical Structures of 2 (2a+2b) and TPPS
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fRdz&icl .

32. 27AT7FFAM) ES R My FREEBAL
ELTHWKAEYEE Y REFEOHTFH >
YOG, DNABEREN T > EOMEER
BEETHIENTERNEWSHENECE. =
Z T, DNAIZH LU THEMEHLBRWS X MrFIT
$H HRFEGMLE FICEATT W EEZ,
AFIME -7 0FFZX MY > (per-Me-f-CD) &
Tetraphenylporphyrin Tetrasulfonic Acid (TPPS)
EDEEARICHEH L7z, per-Me-B-CD 13Z D ZE £l
WIZBKMEDT A b or T2 DIAAR, KT TPPS
EWFAKP TR TLRER2: 1 DIERZT S &
MABENTWNS, 2 a4 & L T per-Me--CD %
BALEE>H2OHEE TPPSOE > 2T D
W % Fig. 12 1ITR79. 2

trH2iIcBIFErO0FFANY AL &
TPPS I3 2: 1 DEEKEL, £/ X—FANST

FIR—FHENDAA v F 2 TIZE>TY =T v b
NTERIBTELZZEN o=, BTE, A Ny
TR LT, MO 7 O0F7F AR 2%
Cucurbit [n]uril ZE ALY > Y 5T 2R T
H5. BT, TANTRBIOLNELD "NT
O8" 2B FORFEBBRFTL TN5S.
SERANT U -bikgiEEEF—7 & Lz 2 fED
YU oTIE, ZRBIEL THID TE OWHAEZ T
DT, =Ty "pTat>2 2732k
O —HBEZ2E#THZENTERN. LOFENR
oI 7 EEETIE, SBlEEbRBVnHLn
HTRGITIRE SRS, FIAE, —&fkicksaT>
FoOvE—#EEE2MAD-D, 2DO0F /X —I12y
Y H— (FFIFLUHABE) THIAOD
1 DOFETHS.

4. HHYIC
EESOMETHD (TFI~Y— "/ X—A1
wFITELFa5—E—a] & HikEEzT
F—TELE®R/R—/ITF XA v F T
YT ZHLTHRRTE 2, FEFEN L ZH
HoTa—7 v YT, FANTA M-
oS SIEatibFEE W 0BT L v
AEREAS, KEROTO—-T & 5 5F0fl
HEINHEHEITI S 2 L2 HRFT 5.
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