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Aptamers are DNA or RNA strands that selectively bind to low
molecular weight compounds or to specific domains of protein
structures. These binding features of aptamers were employed for
the development of different sensor systémAn interesting
thrombin-binding aptamer was elicitédind its self-organization
in the form of a G-quadruplex that specifically binds to a sequence-
specific peptide domain was elucidateélreviously, the thrombin-
specific aptamer was used for the optical detection of throrhbin.
In the present study, we report on the use of a conjugate consisting
of thrombin and covalently linked nucleic acid that includes Wavelength (nm) [DNA,(2)] (zM)
thrombin aptamer units for the catalytic fluorescence detection of figure 1. (A) Fluorescence spectra of the Thiaptamer conjugate after
DNA. In addition to the analytical significance of the system, it hybridization with different concentrations of the analyte DN&,and
adds a new concept to the rapidly developing area of DNA reaction with 5x 10°° M 3 for 5 min. (a) 0 M, (b) 5x 108 M, (c) 5 x
machinerys” 1077 M, (d) 2.5 x 1Q‘6 M, () 1 x 1075 M. The hybridization of the Th/

. . . . . . ., aptamer complex with the different sampleafias performed in binding

Thrombin (Th) was functionalized with a thiolated nucleic acid  pffep2 for 30 min. (B) Derived calibration curve.

1 by the primary reaction of the Th lysine residues WNk(y-

maleimidobutyryloxy)sulfosuccinimide ester (Pierce, USA) fol-  f the aptamer to the protein. Hybridization of the analyzed DNA
lowed by the covalent linkage df to the maleimide units. The ity the sensing sequence of the nucleic acid attached to Th yields
unit 1includes the G-quadruplex aptamer sequence that is tetherede gouple-strand duplex that distorts the aptamer/Th complex and
to Th by a nucleic acid that is complementary to the analyzed DNA ativates Th toward the hydrolysis 8f A related scheme for the

2. The analysis ofthe Th/DNA conjygatg indicates that the average amplified detection of DNA has been reported by tethering a
loading of Th with 1 is 8. Quantification of the aptamer per ,otease inhibitor to the protein by a nucleic acid and the allosteric
thrombin ratio in the Th/aptamer conjugate was performed by the gctivation of the enzyme by hybridization of the nucleic acid to
measurement of the total protein conteantd total sSDNA content  hq complementary DNAL

using ssDNA OliGreen quantitation reagent (Molecular Probes,  rigyre 1(A) shows the fluorescence spectra observed upon the
USA).# Thrombin reveals biocatalytic activity toward the hydrolysis  jnteraction of the Th/aptamer conjugate with different concentrations
of bis(p-tosyl-Gly-Pro-Arg) derivative of rhodamine 118)(to the 4 the DNA 2, allowing the system to catalyze the hydrolysis3of
fluorophore, rhodamine 11@° The association of the Th-specific  The Th/aptamer conjugate reveals a residual fluorescence due to
aptamer to thrombin blocks the catalytic functions of Th, and this npound, noninhibited thrombin that exists in equilibrium with the
provides the principle for analyzing DNA by the Th/aptamer Tp/aptamer complex. The hybridization of DNAwith the Th/
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conjugate (Scheme 1). aptamer conjugate releases the aptamer unit and activates the Th
Scheme 1. Optical Analysis of DNA by the Catalytic Activation of toward the hydrolysis d8 and the generation of the fluorophate
Thrombin through the Dissociation of a Thrombin/Aptamer As the concentration a2 increases, the resulting fluorescence is

Complex enhanced due to the increase of catalytically active free Th. Figure
1(B) shows the derived calibration curve. In a control experiment,
the noncovalently bound aptam&mwas complexed with Th, and

its catalytic activity was blocked. The hybridization of the aptamer
with 2 did not activate Th toward the hydrolysis 8f This result
indicates that the aptamer G-quadruplex structure is not affected
by the hybridization with2, and that the covalently linked
Th/aptamer configuration is essential to activate the biocatalytic
functions of Th. That is, hybridization &with the “beacon-type”
structure of the Th/aptamer conjugate introduces a strain into the

{1)=5 GC CTT AAC TGT AGT ACT GGT GAA ATT GCT GCC ATT GGTTGGTGTGGTTGG aptamer tether that is released by the dissociation from the aptamer/
(2) = 5' AAT GGC AGC AAT TTC ACC AGT ACT ACA GTT AAG GG HzN 0 0/ e NHg" Th complex. Furthermore, interaction of the Th/aptamer conjugate
(23) = 5" AGC AAT CAG ACG @ oy with a foreign nucleic acid or with a short, partially complementary
(3) = bis-(p-tosyl-L-glycy-L-prolyl-L-arginine amide) Rhodamine 110 A nucleic acid 2a) did not activate Th toward the biocatalytic process.
The analysis of the DNA by means of the Th/aptamer conjugate
The catalytic functions of Th toward the hydrolysis ®fare was further examined on glass supports. Glass surfaces were

blocked in the Th/aptamer conjugate structure due to the binding functionalized with a 3-aminopropylsiloxane film, and the Th/
6522 = J. AM. CHEM. SOC. 2005, 127, 6522—6523 10.1021/ja050678k CCC: $30.25 © 2005 American Chemical Society
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Figure 2. (A) Fluorescence spectra of the Th/aptamer conjugate linked to cvele
a glass support upon analyzing different concentratiors df) 0 M, (b) y
3.3x 108M, (c) 3.3x 107 M, (d) 1.6 x 106 M, (e) 6.6 x 106 M. Figure 3. Fluorescence imaging of the cyclic activation/deactivation of
Spectra were recorded after reacting the interface WBitfor 30 min. the Th/aptamer complex by the hybridization/dehybridizatio:ofa and

Hybridization of the interface witl2 was conducted for 1 h. (B) Derived c) catalytic inactive Th/aptamer complex; (b and d) catalytic activation of
calibration curve for the optical detection by the Th/aptamer-modified thrombin by the hybridization o2 with the aptamer.

surface.

system also reveals biomolecular machinery operations that are

aptamer conjugate was covalently coupled to the surfaces. The
transduced by the Th-generated fluorophdre

resulting interfaces were hybridized with different concentrations

of 2, and the hybridized interfaces were subjected to the biocatalytic  Acknowledgment. This research is supported by the Nofar

hydrolysis of3. The fluorescence of the resulting fluorophore was  program, The Ministry of Commerce, Israel.

monitored in a volume of 380L.
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