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ARTICLE INFO ABSTRACT
Ar fid? history: We have developed a fast, highly sensitive and low-cost biosensing system for the detection of clenbuterol (CLB),
Received 20 January 2016 using a homemade mobile electrochemical device with an electric field-driven acceleration strategy. This system
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consists of an embedded circuit in smartphone for signal processing and a screen-printed carbon electrode
(SPCE) modified with multi-walled carbon nanotubes (MWNTSs) and goat anti mouse-immunoglobulin G (IgG)
sensing layer (MWNTs-I-layer). CLB monoclonal antibody was assembled through its binding to the surface-
confined antibody. Such modified electrodes were used for rapid and sensitive amperometric immunosensing

gleeycvtvrt;rcdl;mistry detection of CLB. Horseradish peroxidase-coupled CLB (CLB-HRP) competed with free CLB in the samples to
Portable bind the monoclonal antibody. By using this mobile system, we could detect CLB ranging from 0.3 ng-mL~! to
Sensor 100 ng-mL~! with the detection limit of 0.076 ng-mL~". The whole competitive-type detection process was
Smartphone finished within 6 min. We expect this device can meet the requirements for field detection of various food

Electrical field security-related species.

© 2016 Published by Elsevier B.V.

1. Introduction

Electrochemical analysis provides a vast array of important quantita-
tive methods for detecting analytes, and has been widely demonstrated
in many vital fields, including clinical diagnosis, environmental moni-
toring, homeland security, and food analysis [1-12]. In recent years,
electrochemical immunosensing assay (ECIA) has gained considerable
interest as an electrochemical bioanalytical method [13-17]. Although
useful in a variety of settings, these methods are generally limited to
well-resourced laboratories run by skilled personnel. Simultaneously,
due to the lack of necessary equipment and devices in much of the
developing world, especially in remote and rural areas, it is still a
major challenge to communicate the results of testing with others.
Thus, simplified and inexpensive versatile biosensing devices could
become broadly applicable tools in the hands of healthcare workers,
clinicians, farmers, and military personnel who need accurate and quan-
titative results in field, especially in resource-limited settings. Recently,
in order to enable analytical devices to be used and communicated in
any setting, the concept of using smart mobile phone has been proposed
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due to their ubiquitous availability and convenient connection to infor-
mation networks for improving mobile detection [18,19]. Therefore,
some devices are now being explored for point-of care (POC) diagnostics
and environmental monitoring, aimed to develop useful mobile detection
equipment. Even these devices are trying to use mobile phones for many
different fields [20-23], few of them are being developed for detecting
and analyzing mobile food security. Especially, many of them only pro-
vide qualitative (“yes” or “no”) or visual readout, which can be ambiguous
and difficult to interpret. However, only quantitative measurements offer
an accurate and reproducible means for disease diagnosis and food secu-
rity monitoring.

To combine smartphone with biosensors to develop a mobile
detection system with multi-performance, we have designed a universal
mobile and portable electrochemical device, which has both rapid
electrochemical biosensing capability and information processing and
communication property. Fig. 1 shows the smartphone-based mobile
electrochemical device connected to a biosensor chip, electrochemical
detection component and electrical circuit frame diagram of the electro-
chemical device in smartphone. The smartphone-based electrochemical
biosensing device has several advantages. First, an electrochemical detec-
tor was integrated into a smartphone, and a humanistic application (app)
for the sensor is provided. Second, the most common electrochemical
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Fig. 1. (A) A photograph of the smartphone-based electrochemical biosensor. (B) A
photograph of the smartphone, USB port, chipbox and screen-printed carbon electrode.
(C) An electrical circuit frame diagram of the mobile electrochemical device, enables
parameter input from the user to the mobile phone and data collection from three
electrode system connected with the phone. (ADC: analog to-digital converter. LCD:
liquid crystal display.)

methods are available, including various forms of amperometry and volt-
ammetry. Third, the smartphone-based electrochemical biosensor can
operate as a modem to convey the results of testing to a remote facility
through any available communications network (2G, 3G, WiFi,
bluetooth). Forth, it supports extended memory (for instance, the
largest 32G/64G MicroSD) for saving data. It is ready for use at any
time in our daily life. Especially, the smartphone-based device can also
support electric field-driven acceleration for rapid immunosensing
analysis.

Rapid immunosensing is highly desired for detection of proteins and
drug molecules in POC testing. In order to accelerate the immunoreac-
tion at the solid-liquid interface of electrodes, several techniques have
been explored, including magnetic stirring, low-power microwave
radiation, the electric field-driven and electrophoresis-assisted immu-
noassay [24-31]. Among these techniques, the electric field-driven
method used to control nucleic acid hybridization, is an excellent
enrichment and acceleration strategy for the transport of low-abundant
protein and drug molecules. Positive driving potential was applied to
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accelerate the transport of negatively charged antigens to the electrode
surface, while a low negative driving potential was applied to accelerate
the transport of positively charged antigens to the electrode surface.

Herein, we apply our device as a smart mobile electrochemical detec-
tor by combining screen-printed carbon electrode chip with the electric
field-driven acceleration strategy (Fig. 2A). The integrated system can
perform extremely easy-to-use, rapid, and portable electrochemical mea-
surements. To demonstrate the availability of this system for POC testing,
we designed an electric field-driven acceleration method for detection of
clenbuterol (4-amino-[t-butylaminomethyl]-3,5-dichlorobenzyl alcohol
hydrochloride, CLB). CLB was found to improve growth rate, reduce fat
deposition and increase protein accretion so that it has been illegally
used in livestock raising for the economical benefits [32]. However, CLB
can easily remain in animal tissues and result in clinical symptom of
human such as temporary dizziness and palpitations [33]. Accidents of
CLB poisoning were found in some areas, even though it has been a
banned feed additive in food-producing animals in most countries [34].
Therefore, the continuous surveillance of CLB abuse becomes seriously
necessary for public health and the development of food industry. In
our designed experiments, horseradish peroxidase-coupled CLB molecule
(CLB-HRP) competed with free CLB molecule in the samples to bind to
the monoclonal antibody modified on screen-printed carbon electrode
surface by electric field-driven acceleration method (Fig. 2C). Greatly
improved sensitivity and shortened detection time are achieved by
enzyme amplification and electric forces, demonstrating that the easy-
to-use device has great promise for rapid and sensitive detection in
other POC testing applications.

2. Experimental
2.1. Reagents and materials

MWNTSs (50 nm in diameter, 1-2 pm in length) were purchased from
Shenzhen Nanotech Port Co. Ltd. (Shenzhen, China). Bovine serum albu-
min (BSA) and Tween-20 were acquired from Sigma. Goat anti-mouse
IgG was from Solaribio S&T Co., Ltd.; Anti-CLB monoclonal antibody was
purchased from Abcam Co. Ltd. Standard CLB sample was from Sigma.
TMB (3,3,5,5’ tetramethylbenzidine) substrate was purchased from
Neogen (Lexington, KY) in the format of a ready-to-use reagent (K-blue
custom substrate, H,O, included). PEG2000 was from Sigma.

All solutions were prepared with ultrapure water (18 QM cm ™!
resistivity) from a Millipore Milli-Q water purification system.
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Fig. 2. Design of the electrochemical immunosensor for CLE detection with an electric field-driven incubation process; (A) homemade smartphone-based electrochemical device;
(B) screen-printed electrode chip; (C) free clenbuterol competed with CLB-HRP to bind to the limited anti-clenbuterol antibody on the electrode surface. CLB-HRP combined with anti-
clenbuterol antibody catalyzed the electrochemical reaction of TMB substrate solution to obtain a detective current signal.
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