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Silver-lon-Mediated Mg?*-dependent DNAzyme activity for
amplified fluorescence detection of cysteine

Xu-Hua Zhao,*? Li-Zhuan Zhang,? Su-Ya Zhao,? Xiao-Hua Cui,? Liang Gong,® Rong Zhao,? Bao-Feng
Yu,? and Jun Xie*2

In this paper, by taking advantage of the fact that silver ion could mediate the Mg?*-dependent DNAzyme (Mgzyme) activity,
we for the first time developed a turn-on fluorescent biosensor for cysteine (Cys) amplified detection. Because Mgzyme can
interact with silver ion and form cytosine-Ag*-cytosine (C-Ag*-C) base pairs, the conformation of its catalytic core was
changed. As a result, the catalytic activity of Mgzyme was suppressed and the Mgzyme-Ag* complex could not initiate the
cleavage reaction. Therefore, the background fluorescence of biosensor was very low. In the presence of Cys, Cys can bind
tightly silver ion and disrupt the C-Ag*-C base pairs in the Mgzyme-Ag* complex, leading to the restoration of Mgzyme
activity. The activated Mgzyme could hybridize with MB substrate and undergo many cleavage cycles, resulting in a
significant increase of fluorescence intensity. This designed strategy provided an amplified fluorescence detection of
cysteine, with a detection limit of 2 nM. Moreover, the strong binding between Cys and Ag* ensured that the biosensor had

a desirable selectivity for Cys. This sensing system was also used to detect Cys in human urine samples and displayed

satisfying results.

Introduction

DNAzymes are a kind of nucleic acids which can be obtained
successfully through in vitro selections and have remarkable
catalytic cleavage activity toward ribonucleobase(rA)-
containing substrate sequences by utilizing some specific
metal ions or molecules as cofactors.!* What’s more,
DNAzymes possess several unique properties in comparison
with protein enzymes, such as easier synthesis and
modification, lower production price and higher stability to
resist hydrolysis and denaturation.>’ Due to these excellent
properties, DNAzymes have attracted a great deal of research
interest in recent years. Some DNAzyme-based biosensors
have been designed to detect kinds of cofactors, including
metal ions,% 1% small molecules!!:!2 and proteins'? and so on.!4
Besides, DNAzymes were also used as effective amplifying
labels to construct nonprotein-enzymatic amplified sensing
platforms for DNA, proteins and other targets detection.!5-24
For example, Zhang group previously designed a versatile
amplified assay platform for different targets detection by
taking advantage of the topological effect of Zn?*-dependent
DNAzyme (Znzyme).2* Wei et al. developed a colorimetric
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sensor for the detection of protein utilizing the assembly of
Mgzyme.!> However, most of DNAzyme-based amplified
sensing systems were based on the design strategy that the
target recognition units must be covalently connected with
the DNAzyme sequences, which need complicated design and
high cost. Moreover, some targets such as Cys are not fit for
this working mechanism, because it is difficult for some target
recognition units to integrate with DNAzyme sequences.
Therefore, a novel design strategy is required for DNAzyme-
based amplified assay platform.

Cysteine (Cys) is a thiol-containing amino acid and plays a
significant biological role in living system by involving kinds of
crucial cellular functions, including protein synthesis,
metabolism and detoxification.?5-28 The abnormal levels of Cys
in biological systems will lead to some diseases.?*32 For
example, the deficiency of Cys is linked to hair
depigmentation, liver damage and slow growth and so on,%
while excess accumulation of Cys is associated with
neurotoxicity.3! Therefore, the detection of Cys concentration
in biological fluids is very significant. In the past few years,
several methods have been designed for Cys detection,
including capillary electrophoresis mass spectrometry3334 and
high-performance liquid chromatography (HPLC) etc.35-38
These traditional methods all provide reliable detection results
for Cys. However, most of them are usually expensive, time
consuming and require sophisticated instrumentation. Very
recently, fluorescent detection of Cys has drawn considerable
attention owing to its low cost, high sensitivity and easy
measure.’**° For instance, some biosensors were constructed
for Cys detection based on Ag*mediated conformation
change of G-quadruplex.®%#! In addition, some fluorescent
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nanomaterials such as silver nanoclusters and carbon dots
were also synthesized and used for Cys determination.®
Though these methods are simple and have desirable
sensitivity and selectivity for Cys, an even higher sensitivity is
needed if we look forward to using the sensor in the early
diagnosis of Cys-related diseases.

To develop a highly sensitive biosensor for Cys determination,
we turn our attention to metal-dependent DNAzymes on
account of their catalytic amplification performance. Here we
found that silver ion could suppress the catalytic activity of
Mgzyme, which was due to the conformation change of its
catalytic core caused by the formation of C-Ag*-C base pairs.
However, the addition of Cys could make the Mgzyme activity
recover because Cys can bind tightly silver ion and disrupt the
C-Ag*-C base pairs.* Therefore, by taking advantage of the fact
that silver ion can mediate the activity of Mgzyme, we for the
first time developed a fluorescent turn-on biosensor for Cys
detection. A catalytic and molecular beacon (CAMB) strategy
that can realize the true multiple enzymatic turnovers was
further used to enhance the sensitivity of our proposed
biosensor.5° Moreover, the strong binding between Cys and
Ag* ensured that the biosensor had a desirable selectivity for
Cys. It was also used to detect Cys in human urine samples and
displayed satisfying results.

Experimental
Reagents and apparatus

The MB (5'-FAM-CCACAACATTCAAATTCAGGAACTATrAGGAAG
AGATGTTACGAGGGGTTGTGG-BHQ1-3'), the Mgzyme (5'-CAT
CTCTTCAGCGATACTACTACTACTACTACTTTTTAGTAGTAGTAGT
AGTAGTCACCCATGTATAGTTCCT-3') and the Znzyme (5'-
CATCTCTTCTCCGAGCCGGTCGAAATAGTTCCT-3") were
purchased from Takara Biotechnology Co., Ltd. (Dalian, China).
Cysteine (Cys), Tryptophan (Trp), Alanine (Ala), Leucine (Leu),
Glycine (Gly), Methionine (Met), Tyrosine (Tyr), Isoleucine
(lle), Aspartic acid (Asp), Lysine (Lys), Proline (Pro), Serine
(Ser), Glutamine (GlIn), Histidine (His), Threonine (Thr),
Phenylalanine (Phe), Valine (Val), Asparagine (Asn), Arginine
(Arg), Glutamic acid (Glu) were purchased from J&K Scientific
Ltd. Metal salts (AgNO3, Al(NOs)3, Pb(NOs3),, Cu(NOs),, NaNO;,
Mg(NOs3),, Zn(NOs),, KCl, CaCl,) and HEPES were obtained from
Solarbio Co., Ltd (Beijing, China) and used without further
purification. Ultrapure water (Millipore, 18 M Q /cm) was used
throughout the experiment.

The fluorescence measurements were performed on a Hitachi
F-4500 Fluorescence Spectrometer (Tokyo, Japan) and the
emission spectra were measured from 510 nm to 650 nm. The
pH measurement was performed on a Mettler-Toledo Delta
FE28 pH meter.

Procedure for the effect of metal ions on the DNAzyme activity
First, 100 nM DNAzme and different metal ions (1 1 M) were
mixed and incubated for 10 min in HEPES buffer (25 mM HEPES,
100 mM NaNOs, 10 mM Mg(NOs),, pH 7.2). Then, 100 nM MB was

This journal is © The Royal Society of Chemistry 20xx

added into the above solution and reacted for 30 minto.detect
the fluorescence Intensity changes of tH&ECARMBR/6t@iH02308E

Procedure for Cys detection

The detection experiment of Cys was carried out in 100 1 L
HEPES buffer (25 mM HEPES, 100 mM NaNOjz;, 10 mM
Mg(NOs),, pH 7.2). First, 50 nM 100 nM MB and 600 nM Ag*
were mixed and incubated for 10 min in HEPES buffer at room
temperature. Then, 100 nM MB and a varying concentration
of Cys (in the range of 0-8 1 M) were added into the above
mixture. After reaction for 30 min, the fluorescence intensity
at 518 nm with an excitation wavelength at 494 nm was
recorded.

All experiments were performed in accordance with the
Guidelines of the relevant institutional authorities, and
approved by the ethics committee at Shanxi Medical
University. Informed consents were obtained from human
participants of this study.

Results and discussion
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Scheme 1. The designed strategy of Mgzyme-based fluorescent amplified biosensor
for Cys detection.

Sensing principle

The designed strategy of Mgzyme-based fluorescent biosensor
for amplified determination of Cys is illustrated in Scheme 1.
Since Mgzyme can interact with silver ion and form C-Ag*-C
base pairs, the conformation of its catalytic core were
changed. The possible conformations of Mgzyme-Ag* complex
were shown in Figure S1. In such case, the catalytic activity of
Mgzyme was suppressed and the Mgzyme-Ag* complex could
not initiate the cleavage reaction, which provided a very low
fluorescence background for this biosensor. In the presence of
Cys, Cys could bind tightly silver ion and disrupt the C-Ag*-C
base pairs in the Mgzyme-Ag* complex, leading to the
restoration of Mgzyme activity. The activated Mgzyme is
hybridized with MB to form the CAMB and triggered the
catalytic cleavage of MB by utilizing Mg?" as a cofactor. After
cleavage, the Mgzyme was released and the quenched
fluorophore/ quencher pair of MB substrate was separated,
resulting in an obvious enhancement of fluorescent intensity.

Page 2 of 7
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Eventually, the released Mgzyme could continuously hybridize
with another MB substrate and undergo many cleavage cycles,
realizing an amplified fluorescence detection of Cys.

The effect of metal ions on the catalytic activity of DNAzyme

In order to survey the effect of metal ions on the catalytic cleavage
activity of Mgzyme, the fluorescent intensity of the CAMB system
were recorded upon adding different cations (Ag*, K*, Zn%¥, Cu?",
Pb2*, Ca%*, AI’*). As shown in Fig. 1(A), only Ag* induced an obvious
fluorescence quenching in comparison with other metal ions.
Furthermore, the effect of different concentration of Ag* on the
catalytic activity of Mgzyme were also investigated. As can be seen
from Fig.1(B), the fluorescence signal of CAMB system decreased
dramatically as the increasing concentrations of Ag*. When the
Ag* concentration reached 1 1 M, the fluorescence intensity was
quenched to a level similar to the background fluorescence of
the MB substrates. While the fluorescence intensity of the
CAMB system based on Znzyme reduced a little upon the
addition of 1 1 M silver ion (see the Supporting Information,
Figure S2). These experimental results indicated that the
catalytic activity of Mgzyme could be regulated by Ag* with
high selectivity.

blank
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Fig. 1A. The effect of different metal ions (Ag*, K*, Zn?*, Cu?', Pb?*, Ca?, Al*)
on fluorescent intensity of CAMB system, the concentrations of metal ions were
1 M each. Fig. 1B. The effect of different concentrations of Ag* (0 nM, 100 nM,
200 nM, 300 nM, 400 nM, 600 nM, 700 nM, 800 nM, 1 1 M) on fluorescent
intensity of CAMB system in HEPES buffer (25 mM HEPES, 100 mM NaNOs, 10
mM Mg(NOs),, pH 7.2). The black imaginary line (---) represented the
background fluorescence of the MB. The concentrations of MB and Mgzyme
were 100 nM, respectively.
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The feasibility analysis of the biosensor View Article Online

o . DOI: 10.1039/C8AN02308E
To evaluate the feasibility of the blosensor]f%r éys etection,

the Cys-induced fluorescence intensity changes were recorded
in the presence of 10 mM Mg2t. As shown in Fig. 2, the addition
of silver ion triggered obvious fluorescence quenching of the
sensing system (curve a) and the fluorescence intensity was
close to the background fluorescence of the MB substrates
(curve b), which demonstrated that the catalytic activity of
Mgzyme was suppressed almost completely by Ag*.
Nevertheless, a significant fluorescence enhancement was
observed with the addition of target Cys (curve c), which was
due to the restoration of Mgzyme activity caused by the
strong binding between silver ion and Cys. The results
demonstrated the design feasibility of our proposed
biosensor.
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Fig. 2. Fluorescence intensity of the biosensor under different assay conditions in the
presence of Mg?* (10 mM): (a) MB+Mgzyme+Ag*; (b) MB; (c) MB+Mgzyme+Ag*+Cys;
(d) MB+Mgzyme. The concentrations of MB substrate and Mgzyme were 100 nM,

respectively. The concentration of Ag* was 1 1 M and the concentration of Cys was 2.5
uM.
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Fig. 3. The effect of Ag* concentration on the fluorescence intensity ratio (F/Fo) of the
sensing system; the concentrations of Mgzyme and MB substrate were 50 nM,
respectively. F and Fy are the fluorescence intensity of the biosensor in the presence

and absence of 2.5 u M Cys, respectively.
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To obtain the best sensing performance, several crucial assay
conditions were investigated. Firstly, the concentration of Ag*
was optimized. As shown in Fig. 3, the fluorescence intensity
ratio (F/Fo) of the biosensor increased notably along with  the
increasing concentrations of silver ion. However, when the
concentration of Ag* was higher than 600 nM, F/F, decreased
gradually, which might be caused by excessive suppressive
effect of Ag* on the catalytic activity of Mgzyme. Therefore, we
chose 600 nM silver ion as the optimum concentration in the
experiments. Next, the ratio of MB substrate to Mgzyme was
further investigated and the assay results were shown in Fig.
4. The F/F, of the biosensor enhanced continuously with an
increasing ratio of MB substrate to Mgzyme until the ratio
achieved 2:1. Nevertheless, when the ratio surpassed 2:1, the
F/Fo of the biosensor reduced with further increasing ratio of
MB substrate to Mgzyme on account of the increased
background fluorescence of MB substrate. Based on this
result, a ratio of MB substrate to Mgzyme at 2:1 was selected
as the optimal ratio for further experiments. Last, the
concentration of Mg?* was also optimized. Experimental
results indicated that 10 mM Mg?* could provide maximum
fluorescence intensity ratio for the sensing system (see
Supporting Information, Figure S3).

6.0
556
50

4.5

FiF,

4.0

35}

25

0.5 1.0 1.5 2.0 25 3.0
ratio of MB substrate to DNAzyme
Fig. 4. The effect of the ratio of MB substrate to Mgzyme on the fluorescent intensity
of the sensing system, the Mgzyme concentration was fixed at 50 nM. The F and F, are
the fluorescence intensity of the biosensor in the presence and absence of 2.5 1 M
Cys, respectively.

Sensitivity of the sensing system

To verify the sensitivity of the biosensor, the fluorescence
signal in the presence of various concentrations of Cys were
measured under optimized assay conditions. As can be seen
from Fig.5A, in the absence of Cys, a low initial fluorescence
signal was observed because of the effective suppressive
effect of Ag* on the catalytic activity of DNAzyme. However,
the fluorescence intensity of the biosensor enhanced
obviously with increasing concentrations of Cys, which might
be caused by the fact that the strong binding between silver
ion and Cys disrupted the C-Ag*-C base pairs in the Mgzyme-
Ag* complex and the Mgzyme activity was recovered. When
the Cys concentration increased to 8 1 M, the fluorescence
intensity nearly reached a plateau. Fig.5B described the

This journal is © The Royal Society of Chemistry 20xx
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calibration curve of the biosensor and a linear,telatignship
ranging from 5 nM to 500 nM for Cys §QAABIHAEVE Heteetish
was observed. The detection limit (based on 3 6 /slope) was 2
nM, which was lower than those of previously reported Cys
biosensors.3%42 Comparison of detection performance of some
Cys biosensors were shown in Table 1. The excellent sensitivity
of the designed sensing system was due to the low
background fluorescent signal of the biosensor and the
multiple enzymatic turnovers of the activated Mgzyme. These
results indicated that our designed method was fit for
quantitative detection of Cys.
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Fig. 5A. The fluorescent intensity of biosensor upon introduction of different
concentrations of Cys (from bottom to top: 0, 5 nM, 10 nM, 20 nM, 50 nM,100 nM, 200
nM, 500 nM, 800 nM, 1 © M, 2.5 uM,5 uM,8 u M. Fig. 5B. Calibration curve for Cys
detection. Inset: the biosensor responses to low concentrations of Cys. The buffer
contains 25 mM HEPES, 100 mM NaNO3, 10 mM Mg(NO3)2, pH 7.2.
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Fig. 6. Selectivity test for Cys. The concentration of Cys was 2.5 1 M, and the

concentrations of other amino acids were 25 B M.
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Table 1. Comparison of detection performance of various Cys biosensors

Analyst

View Article Online
DOI: 10.1039/C8ANQ2308E

Technique Method LOD Linear range Reference
Colorimetry G4/hemin/turn-off 25 nM 25 nM-2200 nM [40]
Colorimetry G4-DNAzyme/turn-off 40 nM 40 nM-110 nM [41]
luminescence G4/Tb/turn-off 20 nM 40 nM-1.6 uM [42]
Fluorescence L'-Cu?*/turn-on 0.19 uM 1 uM-8.0 uM [44]
Fluorescence SGI?/C-DNA/turn-off 4.5nM 8 nM-550 nM [39]
Fluorescence carbon dots/turn-on 30 nM 0-700 nM [45]
Fluorescence Ag*-Mgzyme/turn-on 2.0nM 5 nM-500 nM This work

1bi-8-carboxamidoquinoline derivative ligand

2SYBR Green |

Selectivity of the sensing system

To evaluate the selectivity of our designed sensor, The effects
of other 19 a -amino acids were researched by immobilizing
the concentration of Cys at 2.5 1 M and other amino acids at
25 B M. As shown in Fig.6, only Cys induced an obvious
fluorescence increasing, while other amino acids had no or
very little impact on Cys detection. Although other amino acids
could be combined with silver ion as well, their interactions
were not strong enough to disrupt the C-Ag*-C base pairs in
the Mgzyme-Ag* complex. Therefore, our designed sensor can
be used to detect Cys selectively.

Real sample analysis of the sensing system

To evaluate the feasibility and reliability of the sensing system
for practical application, the recovery tests with spiked Cys in
human urine samples were performed. The urine samples
were got from healthy adults and showed that no Cys was
present. Firstly, the urine samples were diluted 100 times with
the HEPES buffer solution. Then, using a standard addition
method, different concentrations of Cys (0.05 1 M, 0.1 u M,
0.5 p M) were added to the urine samples and measured
directly. As listed in Table 2, the recovery of added Cys was in
the range of 94%6-103 %. These results demonstrated that the
developed method could be used to detect Cys in real samples.

Table 2 Recovery experiments of Cys in urine

Sample Cys spiked (uM) Cys recovered (LM) Recovery (%)
urine 1 0.05 0.047[a]+0.004[b] 94
urine 2 0.1 0.103[a]+0.003[b] 103
urine 3 0.5 0.485[a]+0.005([b] 97

[a] Mean of three determinations. [b] SD: standard deviation.

Conclusions

Herein, by taking advantage of the fact that silver ion can
mediate the Mgzyme activity, we successfully constructed a
turn-on fluorescent biosensor for Cys amplified detection. The
low background fluorescent signal of the biosensor and the

TJ. Name., 2013, 00, 1-3 | 5

multiple enzymatic turnovers of the activated Mgzyme made
the sensing system exhibit the excellent sensitivity for
cysteine, with a detection limit of 2 nM. In addition, the strong
binding between Cys and Ag* ensured that the biosensor had
a desirable selectivity for Cys. Moreover, the sensing system
was used to detect Cys in human urine samples and showed
satisfying results.

Conflicts of interest

The authors declare no conflict of interest.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China (21405100, 21705043).
The Doctoral Startup Research Fund of Shanxi Medical
University (03201306, 03201308), Student's Platform for
Innovation and Entrepreneurship Training Program (2018192).

Notes and references.

1 C.Tuerkand L. Gold. Science., 1990, 249, 505-510.

2 J.Lliu, Z. Cao, and Y. Lu. Chem. Rev., 2009, 109, 1948-1998.

3 X. B. Zhang, R. M. Kong and Y. Lu. Annu. Rev. Anal. Chem.,
2011, 4, 105-128.

4 C.H.Lu, F. Wangand |. Willner. J. Am. Chem. Soc., 2012, 134,
10651-10658.

5 T. Fu, X. H. Zhao, H. R. Bai, Z. L. Zhao, R. H, R. M. Kong, X. B.
Zhang, W. H. Tan and R. Q. Yu. Chem. Commun., 2013, 49,
6644-6646.

6 R. Fu, T. Li, S. S. Lee and H. G. Park. Anal. Chem., 2011, 83,
494-500.

7 J. Achenbach, W. Chiuman, R. Cruz and Y. Li, Curr.
Pharm.Biotechnol., 2004, 5, 321-336.

8 L.Qi,Y.Zhao, H. Yuan, K. Bai, Y. Zhao, F. Chen, Y. H. Dong and
Y. Y. Wu. Analyst, 2012, 137, 2799-2805.

9 R.M. Kong, X. B. Zhang, Z. Chen, H. M. Meng, Z. L. Song, W.
H. Tan, G. L. Shen and R. Q. Yu. Anal. Chem. 2011, 83, 7603-
7607.

10 J. Ming, W. Fan, T. F. Jiang, Y. H. Wang and Z. H. Lv, Sens.
Actuators B Chem., 2017, 240, 1091 - 1098.

11 K. Shahsavar, M. Hosseini, E. Shokri, M. R. Ganjali and H. X.
Huang, Anal. Methods, 2017, 9, 4726-4731.


http://dx.doi.org/10.1039/c8an02308e

oNOYTULT D WN =

U I Vo)
O OoONOU A WN=O

20

Please do nai:idiust margins

ARTICLE

12

13

14

15

16

17
18

19

20

21

22

23

24

25

26

27

28

29
30

31

32

33
34

35
36

37

38

39

40

41

42

43

Z.J). Guo, J. H. Wang and E. K. Wang. Anal. Bioanal. Chem.,
2013, 405, 4051-4057.

C. Li, X. X. Li, L. M. Wei, M. Y. Liu, Y. Y. Chen and G. X. Li, Chem.
Sci., 2015, 6, 4311-4317.

F. F. Cheng, N. Jiang, X. Li, L. Zhang, L. Hu, X. Chen, L. P. Jiang,
E. S. Abdel-Halim and J. J. Zhu. Biosens. Bioelectron., 2016,
85, 891-896.

L. M. Wei, X. Y. Wang, D. Wu, C. Li, Y. M. Yin and G. X. Li.
Chem. Commun., 2016, 52, 5633-5636.

J. Elbaz, M. Moshe, B. Shlyahovsky and I. Willner, Chem. Eur.
J., 2010, 15, 3411-3418.

J. Tang, M. H. Lu, D. P. Tang, Analyst, 2014, 139, 2998-3001.
S. Shimron, F. A. Wang, R. Orbach and |. Willner, Anal. Chem.,
2012, 84, 1042-1048.

S. U. Kim, B. S. Batule, H. Y. Mun, J. Y. Byun, W. B. Shim and
M. G. Kim, Analyst, 2018, 143, 695-699.

S. F. Liu, C. B. Cheng, H. W. Gong and L. Wang, Chem
Commun., 2015, 51, 7364-7367.

W. L. Song, Y. W. Luan, X. Y. Guo, P. He and X. R. Zhang, Anal.
Chim. Acta., 2016, 956, 57-62.

T. Fu, S. L. Ren, L. Gong, H. M. Meng, L. Cui, R. M Kong, X. B
Zhang and W. H. Tan, Talanta, 2016, 147, 302-306.

R. M. Kong, T. Fu, N.N. Sun, F. L. Qu, S. F. Zhang and X. B.
Zhang, Biosens. Bioelectron., 2013, 50, 351-355.

X. H. Zhao, L. Gong, X.B. Zhang, B. Yang, T. Fu, R. Hu, W. H.
Tan, R. Q. Yu, Anal. Chem., 2013, 85, 3614-3620.

W. Eranthie, W. Chu, G. M. Simon, R. Florian, K. Sagar,D.
Myles B D, B. Daniel A, M. Kerri, B. David and C. Benjamin F,
Nature, 2010, 46, 790-795.

J. ). Zhu, X. C. Song, L. Gao, Z. M. Li, Z. Liu, S. Ding, S. B. Zou
and H. Yu, Biosens. Bioelectron., 2014, 53, 71-75.

H. Huang, F. P. Shi, Y. N. Li, Y. Gao, S. M. Shah and X. G. Su,
Sens. Actuators B, 2013, 178, 532-540.

S. De Flora, A. lzzotti, F. D Agostini and R. M. Balansky,
Carcinogenesis, 2001, 22, 999-1013.

S. Shahrokhian, Anal. Chem., 2001, 73, 5972-5978.

R. Chand, S. K. Jha, K. Islam, D. Han, I. S. Shin and Y. S. Kim,
Biosens. Bioelectron., 2013, 40, 362-367.

R. Janaky, V. Varga, A. Hermann, P. Saransaari and S. S. Oja,
Neurochem. Res., 2000, 25, 1397-1405.

W. Y. Lin, L. L. Long, L. Yuan, Z. M. Cao, B. B. Chen and W.
Tan, Org. Lett., 2008, 10, 5577-5580.

T. Inoue, J. R. Kirchhoff, Anal. Chem., 2002, 74, 1349-1354.
N. Burford, M. D. Eelman, D. E. Mahony and M. Morash,
Chem. Commun., 2002, 9, 146-147.

G. Chwatko and E. Bald, Talanta, 2000, 52, 509-515.

A. R. Ivanov, I. V. Nazimov, L. Baratova, A. P. Lobazovc and
G.B. Popkovichc, J. Chromatogr. A, 2001, 913, 315-318.

K. K. Aswini, A. M. Vinu Mohan and V. M. Biju, Mater. Sci.
Eng. C, 2014, 37, 321-326.

L. Wang, S. Tricard, P. W.Yue, J. H. Zhao, J. Fang and W. G.
Shen, Biosens. Bioelectron., 2016, 77, 1112-1118.

W. D. Pu, H. W. Zhao, C. Z. Huang, L. P. Wu and D. Xu,
Microchim. Acta, 2012, 177, 137-144.

D. M. Kong, L. L. Cai and H. X. Shen, Analyst, 2010, 135, 1253-
1258.

Y. J. Lu, N. Ma, Y. J. Li, Z. Y, Lin, B. Qiu, B. N. Chen and K. Y.
Wong, Sens. Actuators. B, 2012, 173, 295-299.

K. Yin, F. B. Yu, W. W. Zhang and L. X. Chen, Biosens.
Bioelectron., 2015, 74, 156-164.

H. L. Tan, G. E. Tang, C. J. Ma and Q. Li, Anal. Chim. Acta.,
2016, 908, 161-167.

This journal is © The Royal Society of Chemistry 20xx

44

45

46
47

48

49
50

Journal Name

G. P. Chai, Q. W. Liu, Q. Fei, J. L. Zhang, X. X. S%J-L?t}&e%mpé
G. D. Feng and Y. F. Huan, Luminescencg; 2017%9333 453> 160.
F.J. Zhao, J. L. Qian, F. F. Quan, C. X. Wu, Y. A. Zheng and L.
Zhou, Rsc. Adv., 2017, 7, 44178-44185.

H. Y. Zhang, Z. H. Jia, Sensors, 2017, 17, 1078.

S. M. Jia, X. F. Liu, P. Li, D. M. Kong and H. X. Shen, Biosens.
Bioelectron., 2011, 27, 148-152.

T. Li, L. L. Shi and E. K. Wang, Chem. Eur. J., 2010, 15, 3347-
3350.

L. C. Gruen, BBA - Protein Structure, 1975, 386, 270-274.

X. B. Zhang, Z. D. Wang, H. Xing, Y. Xiang, and Y Lu, Anal.
Chem., 2010, 82, 5005-5011.

Please do not adjust margins



http://dx.doi.org/10.1039/c8an02308e

Page 7 of 7

oNOYTULT D WN =

Analyst

«
A
- cys "

Mgzyme-Ag* complex '.‘ 8% _5'

M Active =

ol & + : .
Comig CAMB
Mgzyme i
MB

<

View Article Online

DOI: 10.1039/C8AN02308E

Schematic illustration of DNAzyme-based fluorescent amplified biosensor for Cys

detection


http://dx.doi.org/10.1039/c8an02308e

