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Abstract

A novel electrochemical DNA biosensor has been facilely constructed by in-
situ assembly of electroactive 4'-aminobenzo-18-crown-6-copper(1l) complex
(AbC-Cu?*) on the free terminal of the hairpin-structured molecule beacon. The
3'-SH modified molecule beacon probe was first immobilized on the gold
electrode (AuE) surface through self-assembly chemistry of Au-S bond. Then
the crow ester of AbC was covalently coupled with 5-COOH on the molecule
beacon, and served as a platform to attach the Cu** by coordination with ether
bond (—O-) of the crown cycle. Thus, an electroactive molecule beacon-based
biosensing interface was constructed. In comparison with conventional methods
for preparation of electroactive molecule beacon, the approach presented in this
work is much simpler, reagent- and labor-saving. Selectivity study shows that
the in-situ fabricated electroactive molecule beacon remains excellent
recognition ability of pristine molecule beacon probe to well differentiate
various DNA fragments. The target DNA can be quantatively determined over
the range from 0.10 pM to 0.50 nM. The detection limit of 0.060 pM was
estimated based on signal-to-noise ratio of 3. When the biosensor was applied
for the detection cauliflower mosaic virus 35s (CaMV 35s) in soybean extraction
samples, satisfactory results are achieved. This work opens a new strategy for
facilely fabricating electrochemical sensing interface, which also shows great

potential in aptasensor and immurosensor fabrication.
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1. Introduction

Along with the quick development of transgenic technology, more and more
transgenic products have entered into people’s daily lives. However, the risk of
transgenic products to the environment, ecosystem, and human body’s health is still
unclear, which makes it of great importance to develop reliable methods for fast and
accurate detection of specific transgenic sequences (Manzanares-Palenzuela et al.,
2015; Fu et al. 2016). The electrochemical DNA (E-DNA) biosensors, in comparison
with the traditional approaches such as polymerase chain reaction (PCR) (Obradovic
et al. 2016), fluorescence in-situ hybridization (Wang et al. 2016) and flow cytometry
(Nowicka et al. 2016), own considerable superiorities such as easy operation, high
sensitivity, outstanding accuracy, low cost and simple equipment. Up to date, lots of
efforts have been made to construct E-DNA biosensors for monitoring transgenetic
products by detecting the specific DNA sequences such as cauliflower mosaic virus
35s (CaMV 35s), nopaline synthase (NOS), phosphinothricin acetyltransferase (PAT)
etc. But, the common approach to convert the hybridization event to the readable
signal in these E-DNA biosensors relies on the use of external electroactive
hybridization indicators (Alves-Balvedi et al. 2016; Zheng et al. 2014), which
involves fussy indicators binding/rinsing process during each hybridization step,
making the detection process time-consuming and laborious. In addition, the non-
specific adsorption of the indicators on single-stranded usually causes large
background response, which decreases the accuracy and sensitivity of the biosensor.

Molecular beacon (MB) with functional molecules tagged at 3'-end and 5'-end is
a class of nucleic acid probes with unique loop-stem structure, which has been applied
for real-time quantitative nucleic acid analysis, bioimaging and therapy (Zheng et al.
2016). In 2003, Fan et al. (Fan et al. 2003) firstly proposed the combination of MB
technology and electrochemistry, and developed a novel E-DNA sensor. As the
electrode-confined MB is hybrized with target DNA, the stem-loop structure of the
probe will be opened and transfer to rigid DNA duplex. Thus, the signal tags are
driven away from the electrode surface, causing the attenuation of the signal, reaching
the aim of target DNA analysis. Methylene blue (MTB) (Tyagi et al. 1998; Yang et al.
2012) and ferrocene (Fc) (Chatelain et al. 2012; Fan et al. 2003; Yang et al. 2012) are
the most used electroactive tags due to their excellent electrochemical response.
However, the relative insufficiency in types of the two electrochemical tags hinders

the development of the versatile MB-based chips for high-throughput detection of



multiple analytes. On the other hand, the relatively inferior chemical stability of MTB
and Fc also decreases the durability and using life of the biosensors. In addition, the
conventional preparation methods of the electroactive MBs that based on liquid-phase
synthesis, separation and purification are time- and reagent- consuming. Thus, it is
still of urgent demand to explore new tags and facile synthesis method of
electroactive MBs for the detection of specific sequences.

Transition metal complex has the advantages of low toxity, easy-for-preparation,
excellent chemical stability, intense redox signal, and high structure flexibility. Based
on these merits, the metal-based complexes have been frequently designed and
utilized as electrochemical DNA hybridization indicators (Wang et al. 1996; Wang et
al. 2013). However, the use of metal complex as the electroactive tag for MB is
scarcely reported. Copper ion (Cu?*) is a relatively inexpensive, chemically stable and
low toxicity transition metal ion. In electrochemical aspect, it shows moderate redox
potential, high electron transfer reversibility (Cu(11)/Cu(l) couple) and strong response
signal. Therefore, it was often selected as an electrochemical signal resource to bind
to some functional ligand, and then be used as electrochemical probe for biosensing
application (Chen et al. 2015; Drewry et al. 2011; Sharma et al. 2017).

Crown ethers have the excellent ability for selective complexation with metal
ions, and thus often being used as functional material for selective determination of
various metal ions (James et al. 2004; Park et al. 2010). 18-crown-6 is important host
crow ether, of which the cavity size is comparable to the size of a range of the metal
ions to form stable “metal-in-cavity” type complexes in solution and the solid state
(Gokel et al. 2004; Wang et al. 2015). Inspired by these characteristics, a novel
biosensing interface through stepwise in-situ grafting of AbC and Cu?* on the free
terminal of hairpin-structured MB was proposed (Fig. 1): The probe DNA with 5'-
COOH and 3'-SH was first immobilized on AuE through Au-S bond, then the AbC
and Cu®* were sequentially modified 5-COOH successively via covalent and
coordinative chemistry, respectively. Due to the unique stem-loop structure of the MB
probe, the modified electroactive AbC-Cu?* tag is close to the electrode surface under
its initial situation, resulting in an extremely large electrochemical signal of the probe
electrode. Upon hybridization, the stem-loop structure was opened and changed to the
rigid linear structure, from which the electroactive AbC-Cu?* was driven away from
electrode surface, leading to decrease of the redox signal of the biosensor. Thus the

hybridization event happened on the electrode surface can be effectively monitored.



In comparison with conventional methods for fabricating the electroactive MB probes,
the in-situ assembly approach presented in this work avoids the complicated processes
including homogeneous reaction, separation and purification, making the fabrication
much simpler, reagent-saving and labor-saving. Meanwhile, as an inorganic
electroactive tag, the AbC-Cu?®* complex can effectively enhances the stability of the
sensor. The presented approach also opens a new strategy for the fabrication of novel
electrochemical biosensing interface.
<Fig.1>
2. Experimental

2.1 Reagents and apparatus

4'-aminobenzo-18-crown-6  (AbC) and Tris (2-carboxyethyl) phosphine
hydrochloride (TCEP) were purchased from Sigma-Aldrich (China). Tris (hydroxy-
methyl) aminomethane (Tris) was provided by Sinopharm Chemical Reagent Co., Ltd
(China). N,N'-dicyclohexylcarbodiimide (DCC) was obtained from TCI Development
Co. Ltd (China). Ethylenediaminetetraacetic acid (EDTA) and N,N'-
dimethylformamide (DMF) were purchased from Xilong Chemical Co., Ltd (China).
Nickel chloride hexahydrate (NiCl,-6H,0), cobalt(ll) acetate tetrahydrate
(Co(CH3C00),-4H,0), manganese sulfate monohydrate (MnSQO4-H,0), samarium(l11)
nitrate hexahydrate (Sm(NO3)3-6H,0), iron chloride hexahydrate (FeCls;-6H,0) and
copper nitrate trihydrate (Cu(NO3),-3H,0) were supplied by Aladdin Reagent (China).
All the chemicals were of analytical reagent grade and used without further
purification. Double-distilled water (DDW) was used throughout the experiments.

The oligonucleotides related to CaMV 35s promoter gene were provided by
Shanghai Sangon Biotechnology Co., Ltd (China). Their base sequences with the
modified groups are displayed as follows:

» MB probe sequence with bifunctional groups (S1): 5-COOH- GC GAG TCTTTG
GGACCACTG TCG CTC GC- (CHy)s-SH-3'

*Complementary sequence (S2): 5'-CGA CAG TGG TCC CAAAGA-3'

*One-base mismatched sequence (S3): 5'-CGA CAG TGG TCC CAA CGA-3'
*Non-complementary sequence (S4): 5-GCATCG AGC GAG CAG GTA-3'

The MB probe solution was prepared by dissolving appropriate probe DNA (S1)
in 1 mL immobilization buffer (pH 8.0) that prepared by 10.0 mM MgCl,, 10.0 mM
TCEP, 25 mM Tris, and 25 mM EDTA. The hybridization and electrode washing



buffer were 10.0 mM phosphate buffer saline (PBS, pH 6.8) with 25.0 mM KCI and
0.10 M MgCl,. The supporting electrolyte solution for the electrochemical
measurements was 0.10 M borate buffer saline with 5% (V/V) ethanol, 25.0 mM KCI
and 0.10 M MgCl,. A CHI 650C electrochemical analyzer (China) was used for all the
electrochemical measurements including cyclic voltammetry (CV), electrochemical
impedance spectroscopy (EIS) and differential pulse voltammetry (DPV). A
conventional three-electrode system, consisting of a bare or modified gold disk (® =
2.0 mm) as working electrode, a platinum wire as auxiliary electrode and an Ag/AgCl
(3.0 M KCI) as reference electrode, was used for electrochemical measurements.
Attenuated total reflection infrared spectra (ATR-IR) were recorded on a NICOLET iS
10 spectrometer (USA).

2.2 Preparation of the biosensor

For the effective modification of the Au electrode (AuE), it is necessary to clean
the electrode through several steps: first, in order to remove the solid pollutants
adsorbed on the electrode surface, the bare AuE was mechanically polished with 1.0
um, 0.3 um and 0.05 pm a-Al,Og, in turn, and then sequential ultrasonic washing in
DDW, DDW/ethanol mixture (V/V=1:1) and DDW. Then, the electrode was immersed
in strongly oxidizing Piranha solution (H,SO4/H,0,, V/V=7:3) for 20 min to remove
the adsorbed organic pollutants. Finally, the electrode was circularly swept in 0.5 M
H,SO, from 1.5 to —0.2 V with the scan rate of 100 mV s until constant CV curves
were achieved, from which the oxide film on the electrode can be effectively
eliminated to be beneficial for following assembly modification. Whereafter, the
cleaned AuE was immersed into 10 nM probe MB solution for 20 h at 4 °C to achieve
probe DNA modified electrode (S1/AuUE) through Au-S assembly chemistry. Then, the
ADbC was covalently grafted on 5'-end of S1 through immersing S1/AuE into 2 mL
DMF containing 1 mM DCC and 10 uM AbC for 12 h at 4 °C. The modified electrode
was denoted as AbC-S1/AuE. For assembly of electroactive Cu®*, the AbC-S1/AUE
was incubated in 6.0 mM Cu(NOs3), for 30 min under gentle stirring, through which
the Cu®* ions were in-situ attached on the sensing interface through coordination with
AbC. After washing with PBS, the biosensing interface of Cu®*-AbC-S1/AuE was
achieved.

2.3 Hybridization procedures

The hybridization reaction was performed by incubating Cu?*-AbC-S1/AuE in



hybridization buffer containing desired concentration of target DNA (S2) for 45 min
at 37 °C. Afterwards, the electrode was washed with blank hybridization buffer and
DDW to remove the unhybridized DNA. The hybridized electrode was denoted as
Cu?*-AbC-S2-S1/AUE. The hybridization of the Cu?*-AbC-S1/AUE with the one-base
mismatched DNA (S3) and the noncomplementary DNA (S4) were performed through
the similar procedures. The obtained electrodes were denoted as Cu?*-AbC- S3-
S1/AUE and Cu?*-AbC-S4-S1/AUE, respectively.

2.4 Electrochemical characterization and measurements

The fabrication process of the DNA biosensor was electrochemically
characterized through CV and EIS in 1.0 mM [Fe(CN)s]* ™ solution containing 0.1
M KCI. The CV was recorded within the potential ranging from —0.2 V to 0.6 V with
the scan rate of 100 mV s™'. EIS was collected in the frequency range from 1 Hz to
10° Hz at an applied potential of 203 mV, which is the formal potential of the CV test
(Diao et al. 2000, Tabrizi et al. 2015, Yilmaz et al. 2016). The electrochemical behaviors
and the hybridization monitoring of the developed biosensor were carried out through
CV and DPV technologies in supporting electrolyte. The CV was scanned within the
potential range from —0.2 V to 0.6 V. DPV was obtained in the potential range from —
0.2 V to 0.6 V with an increment potential of 0.004 V, pulse width of 0.05 s, pulse
amplitude of 0.05 V, pulse period of 0.2 s, sample width of 0.0167 s and quiet time of
25s.

2.5 Preparation of real samples

To prepare the real samples, the DNA from the market-purchased soybean was
extracted by the CTAB method (Lipp et al. 1999; Malothu et al. 2016). Then, the
obtained DNA was digested by the following procedure: adding 16 uL DDW, 2 uLL TE
buffer (pH=8.0) and 1 pL ice-colded restriction enzyme Hind Ill into 1 uL 0.5 pg pL™
extracted DNA, to prepare the digestion mixture solution. Followed by reaction in
water bath (37 °C) for 60 min, the mixture was further heated at 80 °C for 20 min to
devitalize the enzyme. Furthermore, the DNA in the mixture was denatured in water-
bath (100 °C) for 5 min, and then diluted 10 times with hybridization buffer for the
following test.

3. Results and Discussion

3.1 ATR-FTIR and electrochemical characterization on grafing of AbC on probe DNA

ATR-FTIR technique is a convenient, non-destructive and reliable tool to probe



the adsorption of organic or biological molecules on a solid surface (Giambattista et al.
2011; Mircescu et al. 2012). Fig. 2 shows the ATR-FTIR results of the AUE upon
assembly with probe DNA (S1) and in-situ modification of AbC. As seen, the bare
AUE does not produce any significant absorption band in wavenumber range from
4000 to 500 cm ™ (curve a), showing that the bare AuE had been sufficiently cleaned.
After S1 was self-asemblied onto AuE through Au-S bond (curve b), it is found that
the ATR-FTIR spectrum changes significantly, and the newly emerged bands can be
well assigned to the characteristic absorption of DNA (Banyay et al. 2003; Cui et al.
2015). The broad absorption band ascribed to the O-H stretching vibration of DNA
phosphate backbone appears at 3383 cm™*. Two small adjacent peaks in the range of
3000~2800 cm* relate to the asymmetric and symmetric stretching vibrations of —
CH,— in the DNA’s sugar- phosphate backbone. The strong sharp peak at 1604 cm™
exhibits the typical absorption feature of —-C=0, which may be the vibration
absorption from the base of DNA and —COOH on 5'-end. The bands located at 1417
cm * and 1328 cm ™ are to the characteristic peaks of DNA’s base-sugar entities. The
1068 cm™* and 934 cm ! bands are to the P—O stretching vibration of P-O—C groups.
All these results highlight that S1 probe have been successfully assembled on the AuE
surface. After S1/AuE was reacted with AbC using DCC as the crosslinker, it is
observed that the bands at 2926 cm ™ and 2852 cm™* corresponding to the asymmetric
and symmetric stretching vibrations of —CH; enhance greatly, which can be ascribed
to the increase of —CH, group from crown ether. The peaks at 1653 cm *, 1520 cm ™
and 1298 cm™* are related to the bending vibration of —NH, and the stretching
vibration of —CN- in the formed amide unit. The strong peak at 1047 cm™* can be
assigned to the stretching vibration of C-O—C groups of the crown ether backbone.
These new bands also confirm that AbC have been anchored to S1 through the
condensation reaction between —COOH group at 5’-end of MB probe and the —NH, of
AbC.
<Fig. 2>
The stepwise modification processes of S1 and AbC on the AuE were also

investigated by electrochemical method using [Fe(CN)e]* ™

as electrochemical probe.
The corresponding CV and EIS results and the related discussion are given in
Supplementary Information (Fig. S1). The results also demonstrate that probe DNA
and the functional platform of AbC had been immobilized on AuE as expected.

3.2 Coordination assembly of Cu** on AbC-S1/AUE and its electrochemical behavious



It has been reported that the crown ether cycle has the function to capture metal
ion through coordination reaction (Mehta et al. 2014; Gokel et al. 2004; Wang et al.
2015). Therefore in this work, in order to obtain the electroactive sensing interface,
the AbC was applied as the capture platform for the electroactive ions. Fig. 3A shows
the CVs of AbC-S1/AUE before (a) and after interaction with Cu®*. Obviously, there is
not any Faradic electrochemical response for the AbC-S1/AUE in the potential range
from —0.2 V to +0.6 V (curve a), suggesting that the assembled AbC-S1 layer is
electro-inactive under the measured conditions. Nevertheless, after the AbC-S1/AuE
was incubated in 6.0 mM Cu(NOs), solution for 30 min and then tested under the
same conditions, a pair of intense redox peaks appear at +0.32 V and +0.21 V (curve
c), which is in good consistence with the electron transfer process of the Cu®*/Cu*
couple in literatures (Chen et al. 2015; Wang et al. 2016). In order to investigate the
contribution of AbC to the capture of Cu?*, the S1/AUE without grafting of AbC was
also immersed in Cu?* solution and then electrochemically measured. It is found that
the electrochemical response of Cu®*-S1/AuUE (curve b) is significantly weaker than
that of Cu?*-AbC-S1/AUE (curve c), suggesting that only small amount of Cu?* was
attached on the surface of S1/AUE. Additionally the electrochemical signal at this
electrode is not stable during tests, which might be related to the dissociation of Cu?*-
S1 due to the weak electrostatic adsorption of Cu** with the phosphate group and/or
carboxyl group on the MB probe. Moreover, it is found that when AbC was applied as
the loading platform of Cu®*, the redox potential of the electrode shows significant
positive-shift in comparison with that of Cu**-S1/AuE, which can be explained by the
environment difference of the electroactive center (Cu®") at these two electrodes: For
Cu?**-S1/AUE, because the small amount of attached Cu®" ions is directly bound with
phosphate group and/or carboxyl group of S1, they show larger freedom to get close
to the electrode surface for electron transfer, and therefore a low redox potential was
generated. In contrast, when Cu** was bound with AbC and then grafted to probe
DNA, the Cu®" is surrounded by the hydrophobic ring of AbC, thus the
electrochemical reaction of Cu®" at the electrode surface become difficult, making the
redox potential of electrode shift in a positive direction. Therefore, from the
difference of peak currents and peak potentials of the two electrodes, it can be
concluded that that AbC is capable of functioning as an effective Cu?* capturing
platform for the construction of the electrochemical biosensing interface.

<Fig. 3>



The electrochemical signals of the other common electroactive metal ions such
as Co*, sSm*, Mn*, Fe** and Ni?* after assembled on AbC-S1/AuE were also
investigated. Fig. S-2 summarizes the peak currents of all the electrodes obtained in
potential range from —0.2 V to 0.6 V, from which the bases of the probe DNA could
be well protected from oxidation damage (Habibi et al. 2016; Yari et al. 2016).
Clearly, the Ni**- and Mn®*-incubated electrodes do not reveal any electrochemical
response. The responses of Fe**, Co®* and Sm** ions-modified AbC-S1/AUE are far
lower than that of Cu?*. These differences should be ascribed to strong coordinative
ability of Cu®* with the carrier platform of AbC and the higher electron-transfer
kinetic and electrochemical stability of the Cu®*-based tag (Chen et al. 2015; Drewry
et al. 2011; Sharma et al. 2017).

Fig. 3B shows the CVs of the Cu®*-assembled electrode at different scan rate (v)
from 10 to 450 mV s™. As seen, the redox peaks on the electrode gradually grow as
the scan rate increases. The oxidation peak currents (l,,) present good linear
relationship with the scan rate (v) as shown in the inset of Figure 3B. The regression
equation is I, (LA) = -0.999-0.0116 v (mV s™) with correlation coefficient (r)= 0.993.
This result indicates that the electron transfer reaction of Cu?*/Cu® on the fabricated
sensing interface involves an surface adsorption-controlled process (Laviron et al.
1979), confirming that the electroactive Cu?* has been anchored on the electrode-
confined AbC-S1 layer.

3.3 Optimization of the experimental conditions

In order to achieve the optimal electrochemical response of the biosensor, some
conditions for preparing the biosensor was optimized. Firstly, the accumulation time
(t.) of Cu** was optimized through immersing AbC-S1/AUE into 6.0 mM Cu(NOs),
solution for different time, and then electrochemically measured in blank supporting
solution after washing. Fig. 4A displays the relationship of oxidation peak currents
(Ipa) with the time (t,), from which it can be observed that the values of I,, increase
dramatically in the first 30 min and then hardly changed, suggesting the binding
equilibrium between Cu®* and AbC was accomplished within 30 min. Therefore, we
chose 30 min as the optimal reaction time of Cu** on AbC-S1/AUE in this
experiment.

Then, since Cu?* can absorb on the phosphate backbone of probe DNA via the

non-specific electrostatic interaction, unstable and large background response will be



generated during analysis application for the biosensor. In order to avoid this
disadvantage, the electrode after absorbed with Cu** was further immersed into a
buffer with high ion-strength buffer (10.0 mM PBS, 25.0 mM KCI and 0.10 M
MgCl,) to elute the electrostatically bound Cu®*. Fig. 4B shows the effect of elution
time (t;) on oxidation peak currents (lps) of the biosensor. Obviously, the I, values
decrease with the extension of te, and when the time is upon 30 min, the value of Iy,
doesn’t attenuate anymore, indicating that the un-coordinated Cu** have been
removed from the electrode surface. Therefore, 30 min is chosen as the optimal
elution time to eliminate the electrochemically adsorbed Cu?* during fabricating the
biosensor.
<Fig. 4 >
3.4 Analytical performance of the biosensor

The sensitivity of the biosensor was investigated by varying the concentration of
the complementary target sequence (S2) ranging from 0.10 pM to 1.0 nM. Under the
optimal conditions, the Cu?*-AbC-S1/AUE was first incubated in hybridization buffer
solution containing the different concentrations of S2 for 45 min at 37 °C. Then, the
electrochemical measurements were operated in the supporting electrolyte via DPV.
It is found that the DPV response remains basically unchanged until the concentration
of S2 is up to 0.1 pM, and then, with increase of target DNA concentration in the
hybridization buffer solution, the oxidation peaks of biosensor decrease accordingly
(Fig. 5A). This can be ascribed to the configuration change of the MB probes (S1)
from the loop-stem structure to the rigid linear configuration that induced by the
hybridization reaction (Fan et al. 2003; Tanja et al. 2010).

The oxidation peak current changes (Alp.=1-lo, where | is the peak current after
hybridization ‘and 1o is the peak current before hybridization) of Cu®*/Cu* couple
logarithmically relate to the target DNA (S2) concentrations across the range from
0.10 pM to 0.50 nM (inset of Fig. 5A), with a regression equation of Al (HA) =
3.879 + 0.297 1g(Cs2/M), r=0.993. The detection limit was then estimated to be 0.060
pM based on the signal-to-noise characteristic (S/N=3). The analytical performance of
the developed biosensor to CaMV 35s fragment was also compared with other sensing
system, and the comparative results are listed in Table S-1 in Supporting Information.
The result clearly shows that the analytical strategy presented in this work that

obtained through the facile in-situ assembly of signal probe has the comparable and



even better analytical performance than the other methods, which can be explained by
excellent electroactivity of Cu®*-AbC tag and high hybridization efficiency of the
unique stem-loop structured MB probe.

The selectivity of the developed electrochemical DNA biosensor was
investigated through comparing the electrochemical results of the biosensor upon
hybridization with complementary sequence (S1), one-base mismatched sequence (S3)
and non-complementary sequence (S4). Fig. 5B shows the DPVs and the
corresponding histogram (inset) of the oxidation peak current (lp,) of Cu?*-AbC-
S1/AUE before (curve a) and after hybridization with S4 (curve b), S3 (curve c) and
S2 (curve d). It is obviously observed that the signal difference between Cu**-AbC-
S1/AuUE and Cu?*-AbC-S4-S1/AUE is negligible, suggesting that the hybridization
reaction did not happened between S4 and S1 due to absolute base mismatching. After
hybridization with S3, the oxidation peak decreases slightly, suggesting that the one-
based mismatched DNA cannot effectively trigger the complete change of loop-stem
structure of probe DNA to the linear form. However, when the biosensor was
hybridized with totally complementary sequence of S2, the electrochemical responses
decrease significantly. These results indicate that the probe DNA after assembly with
AbC-Cu?* complex still remains excellent hybridization selectivity.

<Fig. 5>
3.5 Reusality, reproducibility and stability of the biosensor

The reproducibility of the biosensor was monitored by five parallel-made DNA
biosensors to detect 0.50 nM target DNA and a relative standard deviation (RSD) of
8.5% (n=5) was estimated, illustrating that the developed biosensor has acceptable
reproducibility. The regeneration of this DNA biosensor was performed by heating the
hybridized electrode in 50 mM NaCl solution at 70 °C for 10 min, followed by a rapid
cooling in an ice bath for 5 min. It is found that after five hybridization-regeneration
cycles, the response of the prepared biosensor shows only about 5% loss of the
original signal, presenting a satisfactory reusality. In addition, the stability
experiments reveal that the fabricated biosensor shows the negligible signal changes
after storing at 4 °C for 4 weeks, revealing a high stability, which can be ascribed to
the high chemical stability of assemblied AbC-Cu?* and excellent electrochemical
reversibilty of the Cu**/Cu”.

3.5 Determination of CaMV 35s fragment in soybean sample



The CaMV 35s promoter has been widely used to initiate transgene expression in
many tissues and crop species. Therefore, the presence of CaMV 35s promoter is
often regarded as a marker of genetically modified organisms (GMOs). In this work,
in order to probe the feasibility and capability of the developed biosensor in real
samples, the recovery assays were carried out in the complex matrices obtained from
market-purchaced soybean. The detailed extraction and digestion procedures are
given in section 2.5. The analytical results are displayed in Table 1. As seen, no
CaMV 35s fragment was detected in the extracted sample, suggesting that the
soybean is non-transgenic product. Then, when 1.00 pM, 10.0 pM, and 50.0 pM of
CaMV 3bs-related target DNA were respectively added into the complex matrices and
then tested, the recoveries are in the range of 96.4-102.0%. For each sample, the
RSDs are 3.6-5.2% with five parallel tests. These observations substantially
demonstrate that the method can be potentially used for the detection of CaMV 35s in
real samples.

<Table 1>
4. Conclusions

A novel DNA biosensor was facilely fabricated through stepwise in-situ labeling
of AbC and Cu®*" on the free terminal of the hairpin-structured MB probe. The
proposed strategy for the biosensor fabrication realizes the simultaneous label-
separation-purification procedure, which is more time and labor-saving than the
traditional method. The DNA biosensor has the advantages of high selectivity due to
the unique stem-loop structure of the probe DNA. The oxidation peak currents
presented a good linear relationship with the concentration of the target DNA from
0.10 pM to 0.50 nM. The developed DNA biosensor was satisfactorily applied to
quantitatively detect the target DNA in real samples. This approach also shows
immense talent in aptasensor and immurosensor construction, which can potentially
become a convenient tool for specific sequence detection of genetically modified

organism.
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Figure captions

Fig. 1. Schematic illustration of the fabrication process of the DNA biosensor using
in-situ assembled AbC-Cu?* as the electroactive tag.

Fig. 2. ATR-FTIR spectra of bare AuE (a) and S1/AuE (b), AbC-S1/AUE (c)

Fig. 3. (A) CVs of AbC-S1/AUE (a), Cu®*-S1/AUE (b) and Cu®*-AbC-S1/AUE (c) in
0.1 M supporting electrolyte. (B) CVs of Cu®*-AbC-S1/AuE with different scan rates
((a-k): 40, 60, 80, 100, 150, 200, 250, 300, 350, 400, 450 mV s %) and the relationship
of oxidation peak (I,a) with the scan rate (v) (Inset).

Fig. 4. Relationship of oxidation peak currents (Ip,) with the accumulation time (t) of
ADbC-S1/AUE in 6.0 mM Cu(NOs3), solution (A), and with the elution time (t¢) by 10.0
mM PBS (pH 6.8) with 25.0 mM KClI and 0.1 M MgCl; (B).

Fig. 5. (A) DPVs of the biosensor upon hybridization with (a) 0 M, (b) 0.1 pM, (c) 0.5
pM, (d) 1.0 pM, (e) 5.0 pM, (f) 10.0 pM, (g) 50.0 pM, (h) 0.10 nM, (i) 0.50 nM, and (j)
1.0 nM target DNA. Inset is the plot of peak current difference (Alp) versus the
logarithm of the target DNA concentration (Ig Csy). (B) DPVs of Cu**-AbC-S1/Au
before (a) and after hybridization with S4 (b), S3 (c¢) and S2 (d). Inset shows the
corresponding histogram.

Table 1 Measurements of target DNA in the real samples obtained from market-

purchased soybean using the developed method®.
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Table 1 Detection of CaMV 35s in real samples extracted from soybean by the

proposed biosensor®.
Added
0
1.00 pM
10.0 pM
50.0 pM

Found
(1.02+0.05) pM
(10.1£0.03) pM
(48.2£0.05) pM

Recovery (%) RSD(%)

102.0 4.3
101.0 5.2
96.4 3.6

Al values were obtained as an average of five repetitive determinations plus standard deviation

Highlights

» A molecular beacon-based biosensor was constructed using AbC-Cu®* as signal tag.

» The tag was assembled on molecular beacon probe by in-situ modification approach.

» Linear range from 0.10 pM to 0.50 nM, and detection limit of 0.060 pM were achieved.

» The biosensor is capable of detecting CaMV 35s in soybean extraction sample.





