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The SELEX (systematic evolution of ligand by exponential Scheme 1. An Amplified Aptasensor Based on the Generation of
enrichment) procedure enables the selection and synthesis of specifié'\ DNAzyme upon the Formation of the Respective

S . . . . . ptamer—Substrate Complexes?
binding nucleic acids (aptamer) or of catalytic nucleic aéids.

Numerous nucleic acids that specifically bind to proteins, for @or ) s
example, thrombin, or to low-molecular-weight substrates, for Wor@ | . O- {f‘j
example, cocaine or adenosine, were develd@dhilarly, catalytic of "

o-f-04 g
nucleic acids such as DNAzymes that stimulate the activity of OI ¢ -!Hl
peroxidasé or induce hydrolytic reactiodsvere developed. The or

. . . . Lysoxyme
specific binding properties of aptamers were employed to develop
sensor$, while DNAzymes were used as labels that amplify wh 0 b
biosensing events.Indeed, a variety of aptamer-based electro- b @:”‘"

chemicall8 optical?1® and microgravimetri¢ sensors for low- £ { Hemin .\
molecular-weight substrates or proteins were developed in the past ©- é‘ﬁi;' 1,0
few years. o) eo 0,
Among the DNAzymes acting as amplifying labels for bio- (.’-
recognition events, the horseradish peroxidase-mimicking DNAzyme
that consists of hemin intercalated in a G-quadruplex structure
attracted special efforts. This DNAzyme was used to catalyze the
oxidation of 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid),
ABTS?", by H,0, to the ABTS™ colored produétor to stimulate

2 The sequences of the respective nucleic acids are given as Supporting
Information.

the generation of chemiluminescence in the presence ,6fL/H 0.15 _'
luminol.1? Recently, the horseradish peroxidase-mimicking DNAzyme 2010

was used to amplify the analysis of nucleic acids by a DNA-based 0.20 - -
machinel® Here, we wish to report on a new method to detect a 0.05 .
low-molecular-weight substrate (adenosife®nophosphate, AMP) ] -

or a protein (lysozyme) by a DNAzyme-aptamer/analyte hybrid 0.159 0.00 g

complex. The DNAzyme provides the colorimetric or chemilumi-
nescence readout signals for the formation of the aptaaealyte
complex.

Scheme 1 depicts the principles of the analytical process for
analyzing AMP or lysozyme. The nucleic aci@i®r 3 include in
their sequence the region | that consists of the aptamer for AMP
or lysozyme, while the region Il is composed of the base sequence
thqt in tlhe presence of hemin fo‘rms t.he horseradish pgromdase o s 100 150 200 290
-mimicking DNAzyme. The nucleic acid$ or 3 are hybridized )
with blocking nucleic acidg or 4 that are partially complementary Time (Sec)
to the DNAzyme sequence, and partially complementary to the Figure 1. Time-dependent absorbance changes upon analyzing different
aptamer regions. The “blocker” nucleic acid was designed to include iofcfgtj?\ﬂtio?; Olflhflf ég"&i (gi)losl\i (llz)rf |\1/|(r|fr: '\QI’I (S(:)S:I{e);n 10; ]5 54,3((1)

_two separate _nlnejba_se complementa.ry domaidotB tht result C107M,[2] 6% 107 M. fhemih] 7% 107 M, [A)|/3Ts2*]’= 2mM,

in a cooperative binding. The separation of any hybridized domain [1,0,] = 2 mM, in 25 mM Tris acetate buffer that included 300 mM NaCl,
through the formation of the aptamesubstrate complex results  pH=8.2. Curve g corresponds to the response ofltAsystem to cocaine,

in the thermal melting of the remaining nine-base duplex. The 1 x 10-3M. Curve h shows the color developed by the hemin in the absence
hybridization of the blocker with the DNAzymeaptamer domains ~ ©f /2 and AMP. The inset is the calibration curve.

minimizes the formation of any free hemin-containing active biocatalyzed oxidation of ABTS or the generation of chemi-
DNAzyme. Addition of the substrate for the aptamer region results luminescence, in the presence ofQ4/luminol.

in the dehybridization and the formation of the respective aptamer Figure 1 shows the time-dependent absorbance changes in the
substrate complex. This reaction depletes, however, the stabilizationsystem upon analyzing different concentrations of AMP. As the
of the “blocker~DNAzyme complex, and consequently, the concentration of AMP increased, the color generated by the system
DNAzyme sequence is separated from the “blocker”. The separatedwas intensified, implying enhanced dissociation of the “blocker”/
sequence self-assembles, in the presence of hemin, to the DNAzymeomplex and higher content of the DNAzyme. The response of the
unit that amplifies the detection of the substrate through the system in the absence of AMP is shown in Figure 1, curve a. The

[AMP] (M)

Absorbance
[~
>
1

0.05 +

TAXOTO Q D =»

5804 = J. AM. CHEM. SOC. 2007, 129, 5804—5805 10.1021/ja070180d CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

6000

0.04

N .
§ 4000 gony
2500 2 <

a. 2000 -

e 0.04 4

o 0.02 e

i o ! ; ; ;
m 2000 OHemin 0 10" 10° 10° Q IE-13  IE-12 1E-Il  IE-1Q d
c TAMP] (M) d £ 0034 [Lysozyme] (M)
o o
= 1500 | c = c
<] b o) b
£ a @ 0.02-
o 2 f
~ 1000{ R € < a
L.
0.01 4 s}
500
0.00 ———————7————
0 , , , , , , 0 50 100 150 200 250
0 100 200 300 400 500 600 700 Time (Sec)
Time (sec) Figure 3. Time-dependent absorbance changes upon analyzing different

Figure 2. Time-dependent chemiluminescence generated upon the analysisconcentrations of lysozyme: (a) 0 M, (b)xd 10733 M, (c) 1 x 1072 M,

of different concentrations of AMP by thE2 system: (a) 0 M, (b) Ix (d) 1x 10711 M, (e) 1 x 1071°M. The experimental conditions are identical
1077 M, (c) 1 x 105 M, (d) 1 x 103 M, (e) light emitted by hemin only. to those in Figure 1, except that 50 mM Tris buffer that included 100 mM
The experimental conditions are identical to those in Figure 1, except that NaCl, pH= 7.4, was used. Curve f corresponds to the analysis of BSA, 1
ABTS?~ was substituted by luminol, 2 mM. The inset shows the integrated x 1071° M, while curve g shows the color developed by the hemin in the
light intensites (after 15 s) upon analyzing different concentrations of AMP. absence o8/4 and lysozyme.

resulting absorbance is almost similar to that generated by free @ptamer chains that lead to the amplified biocatalytic readout of
hemin and may be considered as the background signal. the formation of the aptameranalyte complex. The detection limit

In further control experiments, the foreign substrates cocaine or for analyzing AMP is better than that reported for an optical
cytidine monophosphate (CMP) were added to the system consistingaptasensot? while the detection limit for analyzing lysozyme is
of the 1/2. In these experiments, for example, cocaine resulted in ¢a. 100-folds improved in the present system as compared to the

the color changes observed in the absence of AMP, Figure 1, curvereported electrochemical aptasen¥or.

g, indicating that the dissociation of the “blocker"¢éomplex is
specific for AMP. Figure 1, inset, depicts the derived calibration
curve. The detection limit for analyzing AMP corresponded to 4
x 1076 M, a value that is improved as compared to other
configurations of AMP aptasensofsAt the highest concentration
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calibration curve corresponding to the DNAzyme activity. This material

of AMP, we estimate that ca. 80% of the blocked aptamer is is available free of charge via the Internet at http://pubs.acs.org.

dissociated (see Supporting Information).
The analysis of AMP by the blocked DNAzymaptamer hybrid

was also examined by the DNAzyme-generated chemiluminescence

upon formation of the AMP-aptamer complex. Figure 2 shows
the integrated light intensities generated upon the analysis of
different concentrations of AMP by tHg2 complex in the presence

of luminol/H,O, as cosubstrates for the DNAzyme. As the
concentration of AMP increased, the emitted light intensities were
intensified.

This approach was further applied to analyze lysozyme. The
nucleic acid sequenceincludes the domain that acts as an aptamer
for lysozyme Kq = 31 nM)*® and a region that assembles the
horseradish peroxidase-mimicking DNAzyme in the presence of
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