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Epidermal growth factor receptor (EGFR) exon 19 mutation status is a very important prediction index for
tyrosine kinase inhibitors (TKIs) therapy. In this paper, we constructed a superior selective sandwich-
type electrochemical biosensor to detect in-frame deletions in exon 19 of EGFR in real samples of patients
with non-small cell lung carcinoma. Based on the characteristics of different hybridization efficiency in
different hybridization phase conditions, different region around EGFR exon 19 deletion hotspots was
selected to design DNA probes to improve biosensor performance. The results confirm that alteration of
deletion location in target deliberately according to different hybridization phase is able to improve
selectivity of sandwich-type DNA biosensor. Satisfactory discrimination ability can be achieved when the
deletions are located in the capture probe interaction region. In order to improve efficiency of ssDNA
generation from dsDNA, we introduce Lambda exonuclease (A-exo) to sandwich-type biosensor system.
EGFR exon 19 statuses of clinical real samples from lung cancer patients can be discriminated successfully
by the proposed method. Our research would make the electrochemical biosensor be an excellent
candidate for EGFR detection for lung cancer patients.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Lung cancer, the leading cause of cancer death, accounts for
about one third of all cancer mortality worldwide due to its high
incidence, aggressive tumors behavior, and advanced stage at di-
agnosis (Shtivelman et al., 2014). Approximately 80% of all lung
cancer cases are non-small cell lung carcinoma (NSCLC), which has
a poor prognosis with median survival of less than one year when
treated by conventional chemotherapy (Schiller et al, 2002).
Nowadays, tyrosine kinase inhibitors (TKIs) such as gefitinib and
erlotinib are recommended as first-line therapy for selective ad-
vanced/metastatic NSCLC because they can remarkably prolong
the median survival time. TKIs are preferable for patients whose
tumors harbor activating epidermal growth factor receptor (EGFR)
mutations. EGFR is a member of the ErbB receptor tyrosine kinase
family. Activation of EGFR results in the initiation of a diverse
range of cellular signaling pathways, including cell proliferation
and protection from apoptosis (Paez et al., 2004; Pao et al., 2004).
Activating mutations in the tyrosine kinase domain of the EGFR
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gene have been confirmed to be associated with a dramatic re-
sponse to the TKIs (Amann et al., 2005; Han et al., 2005).

Activating mutations located in exons 18 to 21 of the EGFR
tyrosine kinase domain can be found in 10-40% of NSCLC patients,
mostly in adenocarcinomas, with higher frequency observed in
Asian patients (Sharma et al., 2007). Finding from different studies
represents that 44%-80% of EGFR mutations are in exon 19, which
comprise six types of hotspots deletions (Yamamoto et al., 2009).
The deletions located between strand 3 and helix aC can disrupt
the inactive conformation of EGFR kinase domain and enhance the
effectiveness of TKIs (Bose and Zhang, 2009; Yun et al., 2007;
Zhang et al., 2006b). Thus, EGFR exon 19 mutation status is a very
important prediction index for EGFR TKIs therapy.

In order to guide treatment regime, mutation analysis of EGFR
is mandatory to be routinely performed in all patients with ad-
vanced adenocarcinoma NSCLC tumor. It is recommended in the
NSCLC guidelines from major oncology organizations, such as the
National Comprehensive Cancer Network and the American So-
ciety of Clinical Oncology. But, so far, there is no guidance re-
commending specific testing methods or assay attributes. A variety
of molecular biology techniques, such as scorpions amplification
refractory mutation system, high-resolution melting analysis, and
direct automatic sequencing are presently available for the de-
tection of EGFR mutations (Hu et al., 2012; Pao and Chmielecki,
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2010; Yam et al., 2012). The mostly used method for EGFR muta-
tion detection is direct sequencing. However, its widespread uti-
lizations are confined by high cost, limited sensitivity, and time
consuming. Other assays for EGFR status detection are often lim-
ited by their sensitivity, specificity, reproducibility, accuracy, fi-
nancial and technical constraints. These obstacles underscore the
need for advanced analytical principles, prompting the develop-
ment of alternative methods that are more cost-effective, faster,
easier to perform, and more sensitive.

In recent years, an impressive number of electrochemical DNA
biosensors have been invented and employed to detect specific
nucleotide sequences relied on the high specificity of base paring
interactions between complementary strands of DNA (Bonanni
and Pumera, 2011; Chen et al., 2012; Dubuisson et al., 2011; Gao
et al., 2013; Grabowska et al., 2014; Kannan et al., 2011; Lin et al,,
2011; Liu et al., 2008; Ren et al., 2013; Wang et al., 2015; Wu et al.,
2010; Xia et al., 2010; Zhang et al., 2007, 2006a). The high sensi-
tivity of electrochemical transducers, as well as their compatibility
with modern microfabrication and miniaturization technologies,
small dimensions, low cost and power requirements, and their
independence of sample turbidity, makes such devices excellent
candidates for DNA diagnosis. In this work, we employed sand-
wich-type electrochemical DNA biosensor to detect in-frame de-
letions in EGFR exon 19, aiming to discriminate the wild and
6 types of hotspots deletion. The crucial point is how to increase
the selectivity of the detection system. Based on the characteristics
of different hybridization efficiency in different hybridization
phase condition, we selected different region around EGFR exon 19
deletion hotspots to design DNA probes. Satisfactory discrimina-
tion ability was found when the deletions were located in the
capture probe interaction region.

Most of the recent reports on DNA biosensor have focused
mostly on synthetic oligonucleotides, showing that successful
hybridization can be achieved with satisfied sensitivity and se-
lectivity. However, only few studies cast focus on the detection of
clinical samples (Campos-Ferreira et al.,, 2013). The key point is
how to effectively generate ssDNA from dsDNA in the sample and
make it suitable for the biosensing system. Lambda exonuclease
(A-exo0), originating from bacteriophage A, is a highly processive
5'—3’ dsDNA exonuclease that selectively degrades a phos-
phorylated chain of the duplex to yield mononucleotides and
ssDNA. To the best our knowledge, although A-exo has been used
in various molecular and biological techniques, its applicability in
electrochemical DNA biosensor has not been studied. In this work,
clinical real samples were successfully detected by A-exo assisted
electrochemical DNA biosensor.

2. Material and methods
2.1. Reagents

Bovine serum albumin was obtained from Roche Diagnostics
(Mannheim, Germany) and used without further purification. The
3,3',5,5'-tetramethylbenzidine (TMB) substrate (Neogen K-blue
low-activity substrate) was from Neogen (Lansing, MI). Avidin-
horseradish peroxidase (HRP) was from Roche Diagnostics. The
buffer solutions used in this study were as follows: The DNA im-
mobilization buffer contained 10 mM Tris-HCl, 1 mM ethylene-
diaminetetraacetic acid, and 1 M NaCl (pH 8.0). The hybridization
buffer was a 10 mM phosphate buffer (PB) solution containing 1 M
NaCl (pH 7.4). All solutions were prepared with Milli-Q water
(18 MQ cm resistivity) from a Millipore system.

All oligonucleotides were synthesized and purified by TaKaRa
Inc. (Dalian, China), and the sequences are as follows:

Pair C (deletion happen close to 3’-end of target, which will

hybridize with capture )
Capture probe: 5’-cggagatgttgcttctcttaattcc-3’
Reporter probe: 5’'-ttgatagcgacgggaattttaactt-3’
Target:
wild: 5’-aagttaaaattcccgtcgctatcaaggaattaagagaagcaacatctecg-
dell: 5’-aagttaaaattcccgtcgctatcaaaacatctecg-3’
del2: 5’-aagttaaaattcccgtcgctatcaagacatctccg-3’
del3: 5’-aagttaaaattcccgtcgctatcaaggaaccaacatctecg-3’
del4:5-aagttaaaattcccgtcgctatcaaggaaccatctecg-3/
del5: 5’-aagttaaaattcccgtcgctatcaaggaaccg-3’
del6: 5’-aagttaaaattcccgtcgctatcaaggttccg-3/
Pair C/R (deletion happen in the middle of target which will
hybridize with both capture and reporter)
Capture probe: 5’-ttggctttcggagatgttgcttctc-3’
Reporter probe: 5'-ttaattccttgatagcgacgggaat-3’
Target:
wild: 5’-attcccgtcgctatcaaggaattaagagaagcaacatctccgaaagecaa-

del1: 5’-attcccgtcgctatcaaaacatctccgaaagcecaa-3’

del2: 5’-attcccgtcgctatcaagacatctccgaaagecaa-3’

del3: 5’-attcccgtcgetatcaaggaaccaacatctccgaaagecaa-3’

del4: 5’-attcccgtcgctatcaaggaaccatctccgaaagecaa-3’

del5: 5’-attcccgtcgctatcaaggaaccgaaagccaa-3’

del6: 5’-attcccgtcgetatcaaggttccgaaagecaa-3’

Pair R (deletion happen close to 5-end of target, which will
hybridize with reporter)

Capture probe: 5'-catcgaggatttccttgttggettt-3’

Reporter probe: 5'-cggagatgttgcttctcttaattcc-3’

Target:

wild: 5’-ggaattaagagaagcaacatctccgaaagccaacaaggaaatcctcgatg-
3/

dell: 5’-aacatctccgaaagccaacaaggaaatcctcgatg-3’

del2: 5’-gacatctccgaaagccaacaaggaaatcctcgatg-3’

del3: 5’-ggaaccaacatctccgaaagcecaacaaggaaatcctcgatg-3’

del4: 5’-ggaaccatctccgaaagccaacaaggaaatcctcgatg-3’

del5: 5’-ggaaccgaaagccaacaaggaaatcctcgatg-3’

del6: 5’-ggttccgaaagccaacaaggaaatcctcgatg-3’

2.2. Electrochemical biosensor preparation

An electrochemical analyzer (CHI440C, Chenhua Co., Shanghai,
China) was used for the amperometric and current-time curve
experiments was connected to a conventional Au disk working
electrode (2 mm diameter), a Ag/AgCl reference electrode, and a Pt
wire auxiliary electrode. The BSA-based biosensor was fabricated
according to a protocol developed previously (Liu et al., 2013).
Briefly, the polished electrode was incubated with 0.1% BSA for
15 min at room temperature. A 3 pL volume of 1 pM capture probe
DNA solution was drop cast to cover the BSA-modified gold elec-
trode and incubated for 1h at room temperature. Finally, the
sensor was thoroughly rinsed with water and dried under
nitrogen.

2.3. DNA hybridization detection

The DNA detection protocol involved a sandwich-type hy-
bridization assay and the capture of the HRP enzyme tag. Different
concentrations of the DNA target were mixed with the biotinylated
reporter probe (20 nM) in the hybridization buffer. Then the
mixture was incubated with capture probe which had been im-
mobilized on electrode surface, for fixed time at different tem-
perature. A 3 pL volume of avidin-HRP (0.5 U/mL) was spread on
the electrode surface for 15 min at room temperature. Finally, the
sensor was extensively rinsed and subjected to electrochemical
measurements. Amperometric detection was performed in TMB
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substrate (Neogen K-blue low-activity substrate) at 0V, and the
current was sampled at 100 s. Each experiment was repeated at
least three times.

2.4. ssDNA preparation

2 U of A-exo (New England Biolabs, China) and 1 x A-exo re-
action buffer (67 mM Glycine-KOH, 2.5 mM MgCl,, and 50 pg/ml
BSA) was incubated with 10 nM dsDNA in a total of 100 pL reaction
volume at 37 °C for 30 min. The enzyme was then heat inactivated
at 75°C for 10 min. To visualize ssDNA after A-exo treatment,
samples were loaded on a 1.5% agarose gel with ethidium bromide
(EB). PCR products concentration was determined using an UV-
visible spectrophotometer (UV-2450, Shimadzu Co., Shanghai,
China). All samples had been 5’ phosphorylated before A-exo
digestion.

Denaturation by high temperature performed as follow: dsDNA
was denatured by heating at 100 °C for 5 min in a water bath, and
immediately chilled in ice for 5 min to obtain denatured ssDNA.

2.5. PCR amplification of EGFR from real samples

The real samples came from lung cancer patients who accepted
neoplasms resection operation. All patients were from the Chest
Surgery Department of First Affiliated Hospital of Fujian Medical
University (Fujian, China). Genomic DNA was extracted from li-
quid-nitrogen-frozen tumor tissue of patients by using Trizol as
per manufacturer's instructions (Invitrogen) and DNA was quan-
tified by UV-visible spectrophotometry at 260 nm (SpectrumLab
752 s, China). PCR amplification reaction was set up in 50 pL vo-
lume consisting of 5.0 pL 10X buffer (10 mM Tris-HCl, 50 mM KCl,
and 1.5 mM MgCl,), 0.2 mM dNTPs, 20 pmol of each primer, 1 pg
genomic DNA, and 1.5 pL Taq (Takara, Japan). Amplification was
performed on a thermal cycler instrument (MyGenie32, Bioneer,
Korea). The reaction comprised initial denaturation at 94 °C for
5 min, followed by 35 cycles of denaturation 94 °C for 30s, an-
nealing at 57 °C for 30s, and extension at 72 °C for 30 s. Final
extension was carried out at 72 °C for 5 min. Aliquots of 5 pL of the
PCR products were electrophoresed on 1.5% agarose gels contain-
ing ethidium bromide for 1-1.5 h, then were visualized on an ul-
traviolet transilluminator and photographed. The 100/200-bp DNA
ladder (Fermentas) was used as marker. At the same time, the PCR
amplification products were detected by electrochemical analyzer.

EGFR exon 19 was amplified using 6 sets of universal primers
with 5’-end phosphorylated respectively:

Primer 1 (134 bp)

Forward primer: 5’-gtcgctatcaaggaattaagag-3’

Reverse primer: 5'-acggtggaggtgaggcagatg-3’

Primer 2 (101 bp)

Forward primer: 5’-ggcacggtgtataagggactc-3’

Reverse primer: 5'-ttgttggctttcggagatgttg-3’

Primer 3 (128 bp)

Forward primer: 5’-acggtgtataagggactctgg-3’

Reverse primer: 5'-gatttccttgttggctttcgg-3’

Primer 4 (202 bp)

solution hybridization

Q —

reporter

®

target

S S

surface hybridization

—

Forward primer: 5’-cctcttacacccagtggagaagc-3’
Reverse primer: 5'-ccttgttggctttcggagatg-3’
Primer 5 (100 bp)

Forward primer: 5’-acggtgtataagggactctgg-3’
Reverse primer: 5’-gatttccttgttggctttcgg-3’
Primer 6 (69 bp)

Forward primer: 5’-aagttaaaattcccgtcgctatc-3’
Reverse primer: 5’-ggatttccttgttgggctttcg-3’

3. Results and discussion
3.1. Sequence design

The main purpose of our study was to distinguish wild-type
from deletion-type EGFR. Therefore, selectivity of the biosensor is a
crucial issue. Herein, we attempt to make use of the characteristics
of different hybridization efficiency in different phase condition to
achieve optimum selectivity. The sandwich-type electrochemical
biosensor comprises two types of hybridization, heterogeneous
hybridization on the biosensor surface and homogeneous hy-
bridization in solution. Capture probe and a part of target hy-
bridized on the electrode surface, whereas the reporter probe and
the other part of target hybridized in solution. Both hybridizations
on electrode surface and in solution obey two-state rule. The as-
sociation of a duplex occurs through the formation of initial con-
tacts involving a small number of bases, due to recognition ability
among the bases, followed by zippering of the remainder. The
hybridization efficiency is influenced by the formation thermo-
dynamics of DNA duplex, which is dominated by states involving
either strongly bound duplexes or widely separated strands
(SantaLucia and Hicks, 2004). But unlike homogeneous hy-
bridization in solution, heterogeneous hybridization on solid sur-
face is confined by other extra factors, including steric and elec-
trostatic hindrance present in the DNA probes as well as con-
formational restriction of the surface-tethered strands. Previous
studies have confirmed that, for complementary DNA sequence,
surface-hybridization is more difficult than hybridization in solu-
tion-phase (Gao et al,, 2006). For identical complementary se-
quences, surface hybridization rates are 20- to 40-fold slower than
solution-phase rates. Solution-phase hybridizations are able to
achieve 100% hybridization efficiency or completion given equal
molar quantities of probe and target, while surface hybridizations
reach only 15-25% efficiency under conditions of target saturation
(Gao et al., 2006). But for non fully-complementary sequences,
whether deletion occurred in different hybridization medium
achieve different hybridization efficiency and how did the location
of deletion in target influence the selectivity of hybridization re-
main unknown.

In order to answer these questions and achieve maximum se-
lectivity, we designed 3 sets of DNA sequence as pair C, pair R, and
pair C/R (Scheme 1). In pair C, deletion region happened close to
3’-end of target, which will hybridize with capture. In pair R, the
deletion region happened close to 5-end of target, which will
hybridize with reporter. In pair C/R, deletion region happened in

} deletion region (pair R)
J deletion region (pair C/R)
} deletion region (pair C)

Scheme 1. Schematic illustration of the sequences with different deletion location in target and DNA hybridization in different phase conditions in sandwich-type elec-

trochemical DNA biosensor.
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Fig. 1. Amperometric response of wild and 6 types of deletion for (A) pair C/R, (B) pair R, and (C) pair C. (D) The signal ratio of deletions to wild-type target with the same

concentration of 10 nM.

the middle of target, which will hybridize with both capture and
reporter. Comparative experiments were performed to assess
which one responded more selectively to wild-type sequence than
6 types of hotspot deletion EGFR including 10-base deletion (del3),
12-base deletion (del4), 15-base deletion (dell and del2), and 18-
base deletion (del5 and del6). As shown in Fig. 1A-C, 3 sets of DNA
sequence exhibited different performance. Since the wild-type
sequences were fully complementary to capture and reporter, they
showed higher amperometric responses than deletion-type se-
quences. Signal of 6 types of deletion EGFR augmented along with
the decrease of deletion base numbers. Del3 showed the highest
signal among 6 deletion types, followed by dell, del2, del4, del5,
and del6 for pair C/R and pair R. But for pair C, in addition to get
lowest del3 signal among 3 sets of DNA, signals of other 5 dele-
tion-types showed almost no different form that of blank. As
showed in Fig. 1D, the signal ratio of 10 nM del3 to wild-type
target with the same concentration is about 21.1% for pair R, 18.3%
for pair C/R, whereas only 4.1% for pair C. These results confirmed
that the location of deletion in target play an important role in
sandwich-type biosensor. Furthermore, the presence of non-
complementary DNA sequence such as mismatch or deletion
would have more negative impact on surface-hybridization than
that in solution. By making use of the characteristics that hy-
bridization efficiency varied in different phase and consequently
altering deletion location deliberately, well discrimination be-
tween wild and deletions can be achieved. To best distinguish
wild-type from deletion-type EGFR, pair C was used in the fol-
lowing studies and real sample detection.

3.2. ssDNA production from dsDNA

The sandwich-type DNA biosensor is suitable for ssDNA de-
tection, but DNA in real samples is double-stranded. Various
methods such as asymmetric PCR, biotin-streptavidin separation,
size separation on denaturing urea polyacrylamide gel electro-
phoresis, and high-temperature denaturalization have been used
for preparation ssDNA (Marimuthu et al., 2012). However, these
methods exhibit different disadvantages. Asymmetric PCR is the
most economical approach of generating ssDNA from dsDNA
template. However, subsequent purification of ssDNA is needed
since both ssDNA and dsDNA generates in asymmetric PCR. In
addition, it is difficult to optimum the ratio of primer amounts for
asymmetric PCR. Biotin-streptavidin separation may affect sand-
wich-type biosensor by taking biotin-streptavidin into the system.
Size separation on denaturing urea polyacrylamide gel electro-
phoresis is tedious and time-consuming. Many investigations used
high-temperature denaturalization to generate ssDNA for biosen-
sing due to it is economic, convenient and easy to perform (Chen
et al., 2008; Rai et al., 2012a, 2012b). But the inherent and fatal
weakness of this approach is that renaturation in the solution is
rather predominant than hybridization on the sensor surface.

In order to improve efficiency of ssDNA generation from
dsDNA, we attempted to introduce A-exo to sandwich-type bio-
sensor system. The A-exo-assisted production of ssDNA has been
applied in technologies such as next-generation sequencing plat-
forms (Ball et al., 2009), DNA-chips (Brinker et al., 2010), SELEX
(Avci-Adali et al., 2010), subtractive hybridization techniques (Low
et al.,, 2001), and sample preparation for electrospray ionization



X.-W. Xu et al. / Biosensors and Bioelectronics 80 (2016) 411-417 415

mass spectrometry (Null et al., 2000). However, whether A-exo
could be employed in sandwich-type biosensor without unfavor-
able impact remains unknown. In this study, A-exo digestion
couple with sandwich-type DNA biosensing system was in-
vestigated and compared to high-temperature denaturation.

As shown in Fig. 2, current signal of dsDNA group was the same
as blank, revealing that no hybridization event happened on the
electrode surface. After high-temperature denaturation, a positive
response was obtained. However, pretreatment by high-tempera-
ture denaturation is hard to get efficient and satisfied ssDNA
generation because that renaturation will happen quickly once
conditions permit. The current of high-temperature denaturation
group was only 21.6% of that obtained in the presence of ssDNA

5000

4000+

—~~

3000 4

2000 ~

Current (nA

1000

04

Fig. 2. Amperometric response of dsDNA before and after pretreatment by high-
temperature denaturation and r-exo digestion.

Marker 1 2

target. On the contrary, dsDNA pretreated by A-exo digestion
achieved efficient hybridization on the electrode surface. A-exo
can selectively degrade the phosphorylated chain of dsDNA, and
remains the complementary chain and mononucleotides. Unlike
high temperature denaturation, renaturation will not happen in
any condition after A-exo digestion, which is beneficial for DNA to
keep in single-stranded status, consequently ensure the hy-
bridization event successfully happened in the biosensing system.
Most importantly of all, the current signal obtained from A-exo
digestion group was the same as that of synthesized ssDNA. This
revealed that A-exo and the treatment procedure have no extra
impact on the sandwich-type biosensor. Therefore, A-exo pre-
treatment procedure can be great potential for real sample
applications.
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Fig. 4. Amperometric response of the biosensor to PCR products of real sample. X,
PCR product of patient A without r-exo digestion. A to E, PCR products of patient A
to E after A-exo digestion.
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Fig. 3. (A) Analysis of the PCR amplicon in 1.5% agarose gel electrophoresis containing 0.5 pg/mL ethidium bromide. lane 1-6: universal primer 1-6 for patient A. (B) Gel
electrophoresis for PCR products with or without r-exo digestion. Left: PCR products of patient A-E after r-exo digestion. Right: PCR products of patient A-E without r-exo

digestion.
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Fig. 5. Gene sequencing graph of the EGFR gene PCR amplification product. (A) Wild EGFR (patient A-D). (B) Deletion in EGFR exon 19 (patient E).

3.3. Detection EGFR exon 19 status of lung cancer patients

Tumor tissues were came from five lung cancer patients (A to
E) who underwent resection. DNA genomes were extracted from
tumor tissues, followed by PCR amplification. Due to the un-
certainties of gene type of real samples, we designed six kinds of
universal primers (primer 1-6) to make sure target sequence
amplified successfully no matter the sample was wild or deletion
type EGFR. As shown in Fig. 3A, PCR products of sample A using
different primers were visualized by gel electrophoresis. Among
six kinds of universal primers, primer 1 (134 bp) exhibited more
excellent performance than others with higher light band and less
tailing. We therefore chose primer 1 as optimal condition for
further investigation.

Gel electrophoresis was further performed to confirm the
successful generation of ssDNA by A-exo digestion. Double-stran-
ded and single-stranded DNA can be distinguished visually by EB
staining. EB strongly binds to dsDNA molecules to produce light
bands whereas no visualization for ssDNA due to weaker binding
of EB to ssDNA. As shown in Fig. 3B, the A-exo digestion products
did not present any light bands in 1.5% agarose gel, revealing the
success of ssDNA generation.

The PCR products were diluted to 10 nM and pretreated by A-
exo digestion. The ssDNA sequences were then assayed by sand-
wich-type electrochemical biosensor. Unlike synthetic ssDNA de-
tection, there were extra handlings for real samples, including PCR
amplification and A-exo digestion. These procedures might yield
some constituents to real sample detection system. The influence
of A-exo digestion to detection system has already been excluded
in previous section. We therefore detected PCR products without
A-exo digestion to elucidate whether those constituents from PCR
procedure, such as primers, DNA template, DNA polymerase, and
dNTP would cast impact on real sample detection system. As
shown in Fig. 4, the current signal of PCR product without A-exo
digestion was similar to blank. This result demonstrates that the
constituents from PCR procedure had no obvious influence on
biosensing system, neither hindered hybridization nor developed
false positive signal.

The current responses of real samples A to D were approximately
3500-4000 nA, which were consistent with that of synthetic wild-
type EGFR ssDNA. Sequencing result further confirmed the wild
genotype of patients A to D (Fig. 5A). As for patient E, the obtained
current was only 295 nA, corresponding to deletion EGFR genotype.
Sequencing result shows that the del2 genotype happened in patient
E (Fig. 5B). All the results obtained from the proposed biosensor were

completely concordant with those of sequencing analysis, indicating
the success of real sample detection and discrimination between
wild and deletions in exon 19 of EGFR.

The proposed biosensor overcomes some disadvantages of
traditional sequencing assay attributing to its time-saving, low-
cost, high selectivity as well as simple and convenient operation.
The assay could be finished within 3.5 h, which is beneficial for
patients to select therapy regimens as soon as possible. And low
cost of biosensor detection would make more and more patients
afford detection cost and finally propel EGFR detection to be per-
formed regularly and prevalently.

4. Conclusions

In this work, DNA electrochemical biosensor was designed to
detection EGFR exon 19 statuses of lung cancer patients. The
strategy that alters deletion location in target deliberately ac-
cording to different hybridization phase is able to improve se-
lectivity of sandwich-type DNA biosensor. These findings may
have implications for the design of biosensors with better per-
formance. Meanwhile, we attempt to employ A-exo to digest PCR
products of clinical real samples to generate ssDNA target. The
experimental results show that A-exo can be employed for the
sandwich-type biosensing system without any negative influence.
Combined these two strategies, we can detect PCR amplified real
samples with satisfied results and discriminate deletion-type from
wild-type EGFR with high selectivity. Compared with traditional
methods, the proposed biosensor detection method exhibits ad-
vantages such as time-saving, economic, high selectivity, which
will urge this assay to be a promising method for the potential use
in medical diagnosis for lung cancer patients. Furthermore, these
strategies are expected to have further extensive applications in
other DNA detection.
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