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Abstract: Oligonucleotide derivatives having a dansyl fluorescence label at the 2'-position of a ribonucleoside have
been synthesized by using 5'-dimethoxytrityl 2'-(dansylamino)uridine 3'-phosphorobisdiethylamidite. The
oligonucleotide containing a dansyl-modified uridine at the 5'-terminal position exhibits normal binding affinity for a
complementary DNA segment in an aqueous buffer solution (pH 7.0). A significant increase in fluorescence
intensity and blue-shift of the emission maximum were observed for dansyl-modified oligonucleotide upon binding to
DNA. The fluorescence increase upon binding of dansyl-modified oligonucleotide to the target DNA was found to be
sensitive to base mismatch in the DNA sequence. © 1997 Elsevier Science Lid.

Introduction

DNA sequence determination by hybridization has attracted current interest.]  This new sequencing
method will contribute to the development of rapid and inexpensive techniques for mapping clones, facilitate
DNA sequence analysis, and extend the applicability of DNA fingerprinting for diagnostics. The hybridization
assay used is performed in a heterogeneous way, where the target DNA is fixed to a solid-support such as
nitrocellulose. The procedure of the assay involves several steps, e.g. labeling DNA, hybridization, washing,
and detection.

Homogeneous hybridization procedure, on the other hand, has some advantages with respect to
hybridization kinetics and unnecessary washing step. It requires specially labeling of oligonucleotide probes in
which signal-enhancement on hybridization of probes to complementary DNA sequences is highly desirable.
This type of probes basically allows that the assay is done in solution, thus opening the route for easy
automation of the assay.

Several approaches have been reported to the synthesis of the fluorescent-labeled oligonucleotides
possessing the above properties. One involves the suitable pairs of the labeled oligonucleotides that exhibit the
characteristic emission derived from fluorescence resonance energy transfer upon binding to complementary
DNA.Z2 Other approach has been demonstrated by the oligonucleotide tethered to the ruthenium complex.>
This approach is based on the intercalation-induced fluorescence enhancement of the designed metal complex.
It has recently been shown that fluorescent minor groove binding agent covalently attached to an
oligodeoxyribonulceotide exhibits enhanced emission on hybridization to an appropriate sequence of DNA.*

We describe here a new approach to the design and synthesis of fluorescence-labeled oligonucleotide
probes that exhibit an enhanced emission signal upon binding to specific sequences in nucleic acids. Our
design is dependent on the properties of so called hydrophobic probes such as 5-dimethylaminonaphthalene-1-
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sulfonate (DNS) derivatives. It is well known that placement of DNS derivatives in a hydrophobic environment
causes significant increase in quantum yield and blue-shift of the emission.”> Our recent studies suggested thata
polyaromatic fragment atttached via a short linker at the sugar-2' of oligonucleotides is located in between base-
pairs of the duplexes formed with complementary DNA segments.5 It is therefore expected that, upon binding
to the complementary DNA segment, a DNS group incorporated into the sugar position of an oligonucleotide
would be buried in more hydrophobic interior’ of the duplex, thereby resulting in fluorescence enhancement.

In this paper, we demonstrate that an oligonucleotide possessing a DNS group at the sugar-2' via a linker of an
appropriate length satisfies our design criteria.

Results and Discussion

The introduction of a dansyl group into the sugar residue of oligonucleotides was initiated by the synthesis
of the dansyl-modified uridine [U(DNS)].8 U(DNS) was synthesized from the reaction of 2'-amino 2'-
deoxyuridine with dansyl chloride [DNS-CI] in the presence of tricthylamine in DMF. This reaction afforded
only the desired product, thus indicating that no hydroxyl protection is necessary. U(DNS) was then converted
to the 5'-protected 3'-phosphorobisamidite derivative [DMT-U(DNS)] by the reported procedure.2 The
dansyl-modified oligonucleotides 1 and 2 were synthesized manually by the phosphoramidite and bisamidite
methods.% The purification of the oligonucleotides was done by reversed phase HPLC. The base
compositions of the purified oligomers were verified by enzymatic digestion analysis.

Figure 1 indicates the UV melting profile for DNA duplex of the oligonucleotide having a dansyl
substituent at the 5'-terminal sugar 1. The melting profile exhibited sigmoidal curve and the midpoint of
transition (tm=33.2 °C) similar to the unmodified duplex (tm=31.0 "C). On contrary, the duplex of the
oligonucleotide containing a dansyl group at the middle 2 did not show typical sigmoidal transition in the
thermal denaturing process. It is therefore suggested that a non-planar bulky substituent such as a dansyl group
may be incorporated into the sugar at the terminal fraying end of oligonucleotides in order to retain normal
binding affinity for a complementary DNA strand. In contrast, it has been shown that the oligonucleotide
derivatives having planar polyaromatic fragments such as anthraquinone and anthracene at any position of 2'-
sugar bind to a complementary DNA sequence to form stabilized duplexes.
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We thus focused on investigating the fluorescence properties of the dansyl-oligonucleotide 1. As shown
in Figure 2, at the temperature (6 °C) well below the midpoint of the transition, the fluorescence intensity of the
dansyl-labeled oligomer increased proportionally with stepwise addition of DNA. Addition of DNA over
equimolar amount caused no further increase in the fluorescence intensity. The fluorescence quantum yield of
the dansyl oligonucleotide duplex reached to be 0.134, while the single stranded dansyl oligomer exhibited the
emission in a yield of 0.022. As with increase of the fluorescence intensity, blue-shift of the emission
maximum by 17 nm was observed. These observations indicated that the attached dansyl group is transferred
into a less-polar environment upon forming the duplex. On contrary, it has been shown that oligonucleotides
attached to a dansyl group through a relatively long linker at the pyrimidine C-5 exhibit little or no change in
fluorescence intensity upon forming duplexes with complementary DNA segments.?

The duplex formation-induced increase in fluorescence is further supported by the observation of the
temperature-dependent change in the fluorescence intensity of the dansyl-modified duplex. The fluorescence
melting profile is seen as a mirror image to that of the UV-melting curve for the dansyl-modified duplex (
Figure 1). It was found that the fluorescence melting transition occurs at the lower temperature (tmf=20.5°C)
than that obtained by the UV-melting profile. This is presumably attributable to the facts that the dansyl
fluorophore is located between the base-pair of the terminal fraying end, the terminal base-pair tends to open
firstly in the thermal denaturing process!? and dansyl fluorescence is highly sensitive to a local environment.

Table 1 summerized the fluorescence property and tm values of dansyl-oligonucleotide duplexes formed
with DNA sequences containing base-pair mismatches. Introduction of the mismatch base(s) into the target
DNA caused relatively small enhancemant in fluorescence upon hybridization of dansyl-modified
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Table 1. Fluorescence intensity and tm values for duplexes of dansyl-modified
oligonucleotide 1 with DNA having base-pair mismatches.

Relative Fluorescence
DNA Intensity (540 nm) tm (°C)
No.1: 5'-dCCTCTAGAGTCGACCT 6.10 332
No.2: 5'-dCCTCTAGCGTCGACCT 1.35 25.5
No0.3: 5'-dCCTCTAGTGTCGACCT 1.42 22.3
No.4: 5'-dCCTCTACAGTCGACCT 3.64 14.5
No.5:5'-dCCTCTATAGTCGACCT 2.18 18.2
No.6: 5'-dCCTCTAACGTAGACCT 1.73 12.3
No.7: 5'-dCCTCTATGGTAGACCT 1.74 11.6

Fluorescence and tm measuremetnts were carried out for duplexes (8 x 107 M) in a pH 7 buffer
containing 1.0 M NaCl and 0.01 M sodium phosphate. Relative fluorescence intensities of duplexes
were obtained at 6 “C based on the single-stranded dansyl-modified oligonucleotide. The DNA sequence
complementary to dansyl-oligonucleotide is shown by italic. The mismatch base is underlined.

oligonucleotide when compared with the duplex of fullmatch DNA (No.1). In the presence of DNA (No. 2, 3,
6 and 7) having the base mismatch facing uracil residue in dansyl-oligonucleotide 1, little fluorescence
enhancement was observed. Introduction of mismatch base at the 3'-side of the uracil residue into the DNA
sequences (No. 4 and 5) yielded two to three times larger fluorescence upon binding of dansyl-oligonucleotide
1. These observations indicate that the base-pairing between the base in dansyl-modified nucleoside and its
complement appears to be important to gain significant fluorescence signal on hybridization of the dansyl probe.

In conclusion, a dansyl-oligonucleotide modified at the specified sugar residue exhibits enhanced
fluorescence in a sequence-specific manner upon hybridization to DNA. The present research provides a new
concept for the design of a fluorescent-labeled oligonucleotide probe which may be particularly useful for
homogeneous assay for nucleic acids sequences. A further study to extend the present design concept in the
development of practically useful fluorescent probes is now underway in our laboratory.

Experimental Procedure

General Methods. Melting points were uncorrected. H NMR was measured on a JEOL-JNM-EX-270
spectrometer using a residual peak at 2.49 ppm of DMSO-dg or 7.26 ppm of CDCI3 as an internal standard.
High-performance liquid chromatography (HPLC) was performed on a Waters 600E model equipped with a UV
detector at 254 nm, using a reversed phase YMC PAK C]§ column (6 x 150 mm) or cosmosil C]8 column(4 x
150 mm). Column chromatography was carried out on Wako silica gel C-200. Ultraviolet (UV) spectra were
recorded with a Hitachi U-3200 equipped with a thermoelectrically controlled cell holder (Hitachi SPR-7).
Fluorescence spectra were measured on a JASCO FP-777 spectrometer in which temperature of the cell holder
was controlled by a ATTO thermostatic circulator.

Materials and Solvents. 2'-Deoxy-2'-aminouridine was synthesized according to the literatures.!1
Bis-(diethylamino)phosphorochloridite was synthesized by the established procedure. 8  Nuceleoside
phosphoramidites and nucleoside-loaded CPG were purchased from ABI. DNA oligomers were synthesized

on a ABl model 391 DNA synthesizer. Dansyl chloride (DNS-CI, Sigma), snake venom phosphodiesterase
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(Bochringer), and alkaline phosphatase (Boehringer) were obtained commercially. Dimethylformamide (DMF)
was stirred in the presence of CaHp, distilled under reduced pressure, and stored over CaHp. Pyridine and
triethylamine were dried by refluxing over CaH at least 5 h and then distilled and stored over CaHp.

Synthesis of 2'-(Dansylamino)-2'-Deoxyuridine [U(DNS)]. The reaction of 2'-amino-2'-
deoxyuridine (0.21 g, 0.86 mmol) with DNS-CI (0.47 g, 1.9 mmol) was carried out in DMF (4 mL) in the
presence of triethylamine (0.36 mL) at 40°C for 2h. CH2CI2 (50 mL) was added to the reaction mixture and
then extracted with water (30 mL x 3). The combined aqueous layer was evaporated and then applied on a
silica gel column cluted by using ethyl acetate-acetone (1:1, v/v). The compound was further purified by
recrystallization from acetone to afford 0.31 g (75.2 %). M.p.: 232-233°C, ¢(MeOH) at 260 nm and 345 nm:
16.5 x 103 and 3.8 x 103, 1H NMR (DMS0-d6): =2.80 (s, 6H, N(CH3)), 3.47 (m, 2H, Cs'), 3.84 (m, 1H,
C4'), 3.93 (m, 1H, C2'), 3.98 (m, 1H, C3'), 5.10(t, 1H, C5'OH), 5.18 (d, 1H, uracil C5), 5.79 (d, 1H,
C3'OH), 5.84 (d, J1',2'=8.25 Hz, 1H, C1'), 7.28 (d, 1H, uracil C6), 7.18-8.40 (m, 6H, aromatic), 8.40 (d,
1H, SO2NH), 11.50 (s, 1H, uracil NH).

Synthesis of §'-Dimethoxytrityl U(DNS) [DMT-U(DNS)]. U(DNS)(0.31g, 0.65 mmol) was
reacted with dimethoxytrityl chloride (0.44g, 1.3 mmol) in dry pyridine (4 mL) at r.t. for 2 h. Ethyl acetate
(100 mL) was added to the reaction mixture and the solution was extracted with water (SO0 mL x 2). The
organic layer was dried with Na2SO4. The solvent was evaporated to dryness and the residue was dissolved in
a small amount of CH2Cl2. The solution was applied on a silica gel column (3 x 15 cm) which was eluted with
CH2Cl2 followed by CH2Cl2-methanol (50:1, v/v). The appropriate fractions were collected and the solvent
was removed. The residue was dissolved in a small amount of CH2Cl2 (5 mL) and the solution was added
dropwise to hexane (100 mL). The white solid was comrected to afford 0.37 g (73.1 %) of the desired
compound. M.p.: 176-178C. 1H NMR (CDCl3): 8=2.87 (s, 6H, N(CH3)2), 3.33 (m, 2H, C5'), 3.79 (s,
6H, CH30-Ar), 3.88 (m, 1H, C4'), 4.11 (m, 1H, C2'), 4.23 (dd, 1H, C3'), 5.02 (d, LH, uracil C5), 6.00 (d,
1H, C1'), 8.50 (s, 1H, SO2NH), 6.81-8.18 (m, total 20H, Ar of trityl and naphtyl and uracil C6). Anal.
Calcd for C42H42N409S: H, 5.44; C, 64.78; N, 7.19 Found: H, 5.66; C, 64.36; N, 7.05.

Synthesis, purification and enzymatic digestion of dansyl-oligonucleotides. 5'-
dimethoxytrityl U(DNS) phosphorobisdiethylamidite was synthesized by the established procedure.52 The
synthesis of dansyl-labeled oligonucleotides 1 and 2 was by a syringe technique according to the published
protocol.68 The coupling efficiency of the bisamidite in cach synthesis was estimated by a dimethoxytrityl
cation to be 87 %. The purification of oligomers were carried out by a reversed phase HPLC (YMC PAK C18)
using a CH3CN linear gradient (0.5 %/min) starting from 10 % CH3CN in 0.1 M triethylammonium acetate
(pH 7.0) at a flow rate of 1.0 mL/min. The purified oligomers (ca. 0.1 0.D.) were subjected to enzymatic
digestion using snake venom phosphodiesterase (0.3 unit/mL) and alkaline phosphatase (100 unit/mL) in 50 mL
of Tris-HCI (pH 7.2) at 37°C for 2 h.  The reaction mixtures were analyzed by reversed phase HPLC (cosmosil
C18); elution with 0.05 M ammonjum formate containing a 15 % CH3CN gradient (20 min) at a flow rate of 1.5
mL/min. The expected molar ratios of T, dA, dC, dG and U(DNS) were obtained for oligonuleotides 1 and 2
to be 1:2:1:3:1 and 1:3:2:3:1, respectively.

UV and fluorescence spectroscopic measurements. All solutions for the physical measurements
were prepared by using a buffer containing 0.01 M sodium phosphate and 1.0 M NaCl, adjusted to pH 7.0.
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Oligomer concentrations were determined based on the measured absorbance at 260 nm at 25°C and the single-
strand extinction coefficients calculated based on a nearest-neighbor model.1?

For UV-melting experiments, the temperature was raised from 0°C to 80°C at a rate of 0.5°C/min. All
fluorescence spectra were obtained by excitation at 330 nm. The fluorescence quantum yields were measured

using quinine sulfate in 0.1 N sulfuric acid as a standard.
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