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Abstract
Objective: Brain-derived neurotrophic factor (BDNF) dysreg-
ulation is widely related with various psychiatric and neuro-
logical disorders, including schizophrenia, depression, Rett 
syndrome, and addiction, and the available evidence sug-
gests that BDNF is also highly correlated with Parkinson’s and 
Alzheimer’s diseases. Methods: The BDNF target sequence 
was detected on a capture probe attached on aluminum mi-
crocomb electrodes on the silicon wafer surface. A capture-
target-reporter sandwich-type assay was performed to en-
hance the detection of the BDNF target. Results: The limit of 
detection was noticed to be 100 aM. Input of a reporter se-
quence at concentrations >10 aM improved the detection of 

the target sequence by enhancing changes in the generated 
currents. Control experiments with noncomplementary and 
single- and triple-mismatches of target and reporter se-
quences did not elicit changes in current levels, indicating 
the selective detection of the BDNF gene sequence. Conclu-
sion: The above detection strategy will be useful for the de-
tection and quantification of BDNF, thereby aiding in the pro-
vision of suitable treatments for BDNF-related disorders.

© 2021 S. Karger AG, Basel

Introduction

Brain-derived neurotrophic factor (BDNF) plays an 
important role in neuronal survival and growth, serves as 
a neurotransmitter modulator, and participates in neuro-
nal plasticity, which is essential for learning and memory. 
It is widely expressed in the CNS, gut and other tissues. 
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BDNF is a trophic factor regulating cell survival and syn-
aptic plasticity, may play a critical role in gut motility. 
BDNF is expressed primarily in the central nervous sys-
tem, but its expression is also detected in peripheral tis-
sues such as the vascular endothelium and visceral epithe-
lium, as well as in immune cells. BDNF plays a major role 
in neuronal function, plasticity, and modulation [1, 2], 
and its expression in the central nervous system is highly 
related to different biological functions such as choliner-
gic activity, synaptogenesis, N-methyl-D-aspartate recep-
tor activity, and dendritogenesis [3, 4]. BDNF is critical 
for neuronal development and plasticity, and its dysregu-
lation is associated with several psychiatric and neuro-
logical disorders, including depression, Rett syndrome, 
and schizophrenia [5]. Moreover, the decrement of BDNF 
has been observed in other neurological disorders, such 
as multiple sclerosis and Alzheimer’s, Parkinson’s, and 
Huntington’s diseases [6]. Furthermore, BDNF expres-
sions help predict the endometriosis presence [7]. BDNF 
expression was noticed to be 2-fold higher in endome-
triosis patients than in controls, while decreasing in pa-
tients with depressive disorders [8, 9].

BDNF gene encodes human chromosome 11p13, 
which exhibits as alternatively spliced upstream untrans-
lated exons and a downstream exon IX exhibiting the 
common coding region and 3′ UTR. Interestingly, G>A 
nucleotide substitution at position 196 encodes a Val-
66Met substitution on the amino acid. Val66Met poly-
morphism has implicated differentially in the individual 
brain structure of the prefrontal cortex and function of 
the hippocampus, which are experience-dependent plas-
ticity in the motor cortex, memory performance, and are 
related to reasoning skills. Since Val66Met polymor-
phism affects the brain structural network vulnerability, 
it is highly correlated with emotional and cognitive dys-
function by changing white matter structure and cerebral 
cortex excitability. It is responsible for various disorders, 
such as Parkinson’s disease, neurocognitive dysfunction 
and childhood mood disorder, geriatric depression, and 
schizophrenia. Moreover, BDNF Val66Met polymor-
phism is related to the activity of glutamate receptors, 
which then changes the hippocampal long-term depres-
sion and anxiety-related disorder [10–12]. Therefore, the 
ability to accurately quantify the presence of BDNF is 
necessary for improved diagnosis of various diseases. Cir-
culating BDNF amount was used to measure in serum, 
plasma, or whole blood. Under normal physiological con-
ditions, the expression of BDNF varies depending on age, 
gender, and physical condition. In healthy human volun-
teers, the mean serum BDNF concentrations were mea-

sured at 32.69 ± 8.33 ng/mL; however, identifying BDNF 
concentrations below this concentration is necessary to 
predict the presence of various diseases, including brain 
disorders [13, 14]. This research work is aimed to develop 
a method of detection of Val66Met polymorphism of the 
BDNF gene by utilizing interdigitated electrode (IDE) 
electrochemical sensors.

Biosensing methods have been employed to diagnose 
various diseases using appropriate biomarkers, and sev-
eral biosensors can detect diseases at earlier stages [15–
18]. Among these, dielectric sensors can be effectively 
used to detect a range of diseases by transducing biologi-
cal interactions into electrical signals [19–22]. These sen-
sors use electrodes to detect the changes in electrical cur-
rents generated by biomolecular interactions with sens-
ing surfaces. The resulting changes are considered to 
reflect the interaction and affinity of biomolecules. The 
system is simple, easy, and compact, and the sensing sig-
nal is obtained through the conducting element. Voltam-
metry is one of the commonly used and efficient dielectric 
strategies employed to detect various targets, including 
viruses, bacteria, heavy metals, DNA, RNA, proteins, and 
antibodies [23–26]. In this study, we used a dielectric sen-
sor to detect a BDNF DNA target sequence through com-
plementary binding to its capture probe.

DNA biosensors use DNA sequences as the biomo-
lecular recognition tool to identify specific interactions 
between probes and target DNA and are usually detected 
through optical, thermal, or electrical transduction mech-
anisms [27, 28]. Electrical DNA sensors are particularly 
useful due to their higher sensitivity and capacity for fast-
er diagnosis. A combination of DNA with a dielectric sys-
tem allows for the determination of a broad range of tar-
gets, including bacteria, viruses, and various cancers, and 
helps to identify DNA damage [29–35]. In this study, 
BDNF was detected on a dielectric sensing surface using 
a BDNF sequence-specific capture probe. Moreover, to 
improve detection, a reporter sequence was utilized to de-
termine the target utilizing a sandwich-like assay [12]. 
The sandwich strategy employing capture-target-report-
er sequences was performed on the dielectric sensing sur-
face to quantify Val66Met polymorphism of the BDNF 
gene.

Materials and Methods

Reagents
Streptavidin, PBS (pH 7.4), and 1,1′-carbonyldiimidazole 

(CDI) were bought from Sigma-Aldrich (St. Louis, MO, USA). 
Ethanolamine was obtained from Fisher Scientific (Loughbor-
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ough, UK). BDNF DNA sequences were acquired as previously 
stated [12]. The biotinylated capture probe, target, reporter, and 
single- and triple-mismatched controls were synthesized by a local 
supplier. The sequences for the reverse strand of the Homo sapiens 
BDNF gene were obtained from GenBank (Accession No. 
AF411339.1). The following sequences were used: BDNF-Target 
(90-mer), 5′-ttggctgacactttcgaacacgtgatagaagagctgttggatgaggac-
cagaaagttcggcccaatgaagaaaacaataag gacgcagac-3′; BDNF-Capture 
(25-mer), 5′-biotin – AGTCTGCGTCCTTATTGTTTTCTTC-3′; 
and BDNF-Reporter (24-mer), 5′-AACCGACTGT GAAAGCTT-
GTGCAC-3′.

Fabrication of IDE Sensor Surface
Aluminum microcomb electrode on a silicon wafer to form 

an IDE was prepared as described, with some physical modifica-
tions on the top of the sensing surface. Initially, the mask and 
basic design were made using the AutoCAD software. The de-
sired dimensions are length, 7,500 μm; width, 4,000 μm; finger-
gap pairs, 40; gap size, 1 μm; electrode size, 50 μm; and substrate 
thickness, 0.2 mm. For the fabrication process, initially, the elec-
trodes with the similar size and number were designed by the 
software AutoCAD, and then with the photomask, the designed 
electrode was printed. The printed photomask was aligned on 
the surface of the glass to transfer the pattern. To fabricate the 
IDE surface, initially, the IDE silicon wafer (Si) base was cleaned 
with the solutions, RCA2 and RCA1, to remove the foreign sub-
stance from the surface and then oxidized by using aluminum 
(Al) coils under wet thermal oxidation for 1 h at 500°C. On the 
Al substrates, a positive photoresist was coated by using the spin 
coater and then backed for 1 min at 90° to eliminate the station-
ary wave and moisture on the IDE surface. The designed elec-
trode was transferred to IDE by using the UV light for 10 s. And, 
then the surface was immersed in the photoresist developer to 
eliminate the unexposed area. After that, the electrode was 
backed at 110° (1 min) to strengthen the adhesion layer between 
Al and SiO2 and to clear the moisture. Finally, the etching pro-
cess was carried out by dipping the surface in Al etchant solution, 
and the fabricated device was washed with acetone followed by 
distilled water [36, 37].

Capture Probe Immobilization on the IDE Surface
A biotin-streptavidin conjugation pattern was conducted to at-

tach the capture probe to the IDE. The surface was first CDI mod-
ified by placing diluted CDI (0.5 M, 100 μL) on the electrode (1 h) 
at room temperature. Excess CDI was removed from the surface 
using PBS (10 mM; pH 7.4). Then, tetravalent streptavidin (250 
nM) was placed on the CDI-modified electrode (1 h) at room tem-
perature. After washing, the CDI-modified electrode was masked 
with ethanolamine (1 M) for 1 h, following which 1 μM of the bio-
tinylated capture probe was allowed to bind to the streptavidin-
modified IDE surface. Between each functionalization step, the 
electrode was washed several times with buffer to prevent biofoul-
ing. Changes in the current level were recorded for each step to 
confirm binding.

Interaction of Target-Capture DNA Sequences with the IDE
The BDNF gene target was detected by the capture probe mod-

ified on the IDE. For that, 1 pM of target DNA (10 μL) was inter-
acted with the immobilized probe for 30 min to permit binding. 
The electrode was then washed with 10 volumes of PBS to elimi-

nate the unbound target, and the changes of current were com-
pared. To test the limit of detection (LOD), different concentra-
tions of the target sequence (10-fold serial dilutions, from 1 aM 
until 1 pM) were reacted (10 μL) individually with the capture on 
the modified IDE sensing electrode. Before and after base-pairing, 
changes in the generated currents were recorded to identify cap-
ture/target interactions. The surface was washed thoroughly be-
fore each reading to avoid nonspecific base-pairing.

Sandwich Assay for Capture-Target-Reporter on the IDE
Sandwich assays with capture-target-reporter DNA sequences 

were performed on the capture immobilized on the IDE to im-
prove BDNF gene detection. For this assay, 1 μM of capture (10 μL) 
was first placed onto the surface as stated above, followed by 10 fM 
of target DNA (10 μL), and finally different dilutions (10 aM to 1 
pM) of reporter sequence DNA (10 μL) were individually added. 
Changes in current were recorded before and after immobiliza-
tion.

Selective and Specific Detection of BDNF Gene Sequence  
Base-Pairing
After quantification of the BDNF gene sequence expression, to 

confirm the selective detection on capture probe-modified surfac-
es, 3 different control experiments were performed using noncom-
plementary and single- and triple-mismatched target sequences. 
Each control sequence was independently dropped from the cap-
ture with the modified electrodes, and alterations in current were 
recorded and compared with those obtained with the correct target 
sequences. Moreover, to check the specific detection of the BDNF 
target gene, targets were spiked in undiluted human serum or hu-
man serum albumin (HSA) at 670 μM (45 mg/mL) (10 μL) and 
placed on the capture-modified electrodes for the comparative 
analysis with the current level.

Results and Discussion

This study focused on the detection of the BDNF gene 
sequence on the IDE sensing surface through the use of a 
suitable sequence-specific capture probe. For that, SNP 
rs6265 of the BDNF gene (GenBank Accession No. 
AF411339) at position 95422 was desired. The sequence 
for the reverse strand of the Homo sapiens BDNF gene 
was obtained from GenBank (Accession No. AF411339.1). 
The structure of the BDNF protein has been well charac-
terized (PDB accession codes: 1B8K and 1B98) (Fig. 1a, 
b) [46]. Figure 1c displays the schematic for the determi-
nation of BDNF DNA using the IDE sensor. First, strep-
tavidin was attached to the CDI-modified sensing sur-
face, followed by attachment of the biotinylated capture 
probe and detection of the target sequence by base-pair-
ing with the capture probe. To improve target DNA de-
tection, the immobilized target was sandwiched using the 
reporter oligo.
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Surface Immobilization of the Capture Probe on the 
IDE Sensing Electrode
The measurement setup and the contact followed by 

the IDE are displayed in Figure 2a. A biotin-streptavidin 
conjugation strategy was utilized to attach the capture 
probe to the IDE. Current changes confirm the attach-
ment of the capture probe to the surface (Fig. 2b). The 
CDI-modified IDE sensing surface displays a current of 
1.58E−08 A. CDI is a well-known neutral coupling agent 
with affinity adsorbent properties, in which alkyl carba-
mate linkages are created between the hydroxylic support 
and an amine-containing ligand. CDI-functionalized 
surfaces exhibit imidazole carbamate functionality, pro-

ducing a stable carbamate linkage with an amine group. 
CDI is commonly utilized to immobilize proteins or an-
tibodies on sensing surfaces [38, 39]. In this study, strep-
tavidin was placed on the CDI-modified surface, induc-
ing a current level increment to 1.48E−07 A, clearly indi-
cating the binding of streptavidin to the biotinylated 
probe on the surface. After streptavidin, the remaining 
CDI-modified surface was blocked with ethanolamine, 
resulting in a current change of 1.68E−07 A. The record-
ed change in current with the addition of ethanolamine is 
marginal due to the increased occupation of the CDI-
modified surface by streptavidin. Finally, the biotinylated 
capture probe was added to the streptavidin surface, and 
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Fig. 2. a Measurement setup and the con-
tact. The IDE pattern and the connecting 
system are shown. b Changes in current 
generated in the capture probe immobili-
zation process on the IDE. Initially, CDI 
was dropped onto the sensing surface, fol-
lowed by the addition of streptavidin. 
Then, the biotinylated capture probe was 
allowed to interact with streptavidin. The 
increased current level after each immobi-
lization step was indicative of binding.  
c Target (1 pM) base-pairing with the im-
mobilized capture probe. After adding the 
target DNA, the current generated was 
greatly increased. Inset A diagrammatic 
representation. CDI, carbonyldiimidazole; 
IDE, interdigitated electrode.

Fig. 1. Human neurotrophin-3 (a) and 
neurotrophin-4 (homodimer) (b) [46].  
c Schematic representation of detection of 
the BDNF gene target sequence on the 
CDI-modified dielectrode sensing surface. 
The capture probe was immobilized on the 
IDE surface using a biotin-streptavidin 
strategy and detected through the target se-
quence. A capture-target-reporter sand-
wich assay was also carried out for im-
proved detection of the BDNF gene. BDNF, 
brain-derived neurotrophic factor; CDI, 
carbonyldiimidazole; IDE, interdigitated 
electrode.
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the current level further increased to 2.22E−07 A. As 
streptavidin has 4 binding sites, a greater number of bio-
tin molecules can bind to a single streptavidin molecule, 
increasing the capture probe binding capacity on the IDE 
sensing surface [40]. The sensitivity is highly dependent 
on the amount of capture probe attached to the sensing 
surface, with increased levels of base-pairing being ex-
pected to lead to an increase in the target detection signal 
[41, 42]. Here, an increased concentration of capture 
probes immobilized on the IDE surface was expected to 
improve the detection of the target BDNF gene sequence. 
Overall, the changes in the levels of current generated at 
each immobilization step confirmed that the surface 
preparation with the capture probe is suitable for the de-
tection of the BDNF target.

Detection of the BDNF Gene Target on the IDE 
Surface
In general, researchers are choosing aluminum as a 

sensing substrate due to its easier availability and low 
cost. To overcome the influence of the oxidation of alu-
minum, an earlier study has evaluated the IDE surface 
with pH scouting, and a range of pH near neutral does not 
affect the detection of the surface charge. Due to this rea-
son, PBS has been used in this study with pH 7.4. The 
BDNF target was detected by the capture probe immobi-
lized on the IDE surface. When a high concentration (1 
pM) of target DNA interacted with the capture probe on 
the surface, the current enhanced markedly from 2.2E−07 

to 4.54E−06 A (Fig. 2c). This is an approximately 20-fold 
enhancement in the amount of current generated, which 
resulted from the base-pairing of the capture probe and 
target oligos. This result indicates the apparent detection 
of 1 pM of the BDNF gene target sequence. Usually, sin-
gle-stranded DNA has a phosphate backbone and repre-
sents a more negative charge. When the target forms 
base-pairing, the phosphate backbone is masked, and 
there is a reduction in the negative charge, which gives a 
low response.

LOD of BDNF Target Genes on the IDE
To find the LOD, the target oligo concentration was 

diluted (1 pM to 1 aM) and independently dropped onto 
the capture probe-modified IDE, and the changes in cur-
rent resulting from the base-pairing of the capture probe 
and target were recorded. As displayed in Figure 3a, when 
the concentration of the target DNA enhanced, the cur-
rent generated also increased. The 1 aM concentration did 
not elicit a clear alter in the current; however, from 10 aM, 
changes in current became apparent. A 10 aM concentra-
tion of target DNA elicited the smallest change in current, 
from 2.2E−07 to 3.26E−07 A. At the 100 aM, 1 fM, 10 fM, 
100 fM, and 1 pM concentration, the current levels were 
3.78E−07, 4.06E−07, 4.54E−07, 4E−06, and 4.22E−06 A, 
respectively. At the 100 fM and 1 pM target concentra-
tions, base-pairing saturation was achieved. These results 
indicate a clear interaction between the capture probe 
and target on the IDE surface. Figure 3b shows the profile 
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Fig. 3. a LOD of the BDNF gene target sequence. Target concen-
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face-immobilized capture probes, and the changes in current were 
recorded. The current levels increased with increasing target con-
centrations. b Differences in current changes with target DNA 
binding to the capture probe. Target binding to the capture probe 

was saturated from 100 fm, and a linear regression line shows the 
LOD of the target to be 100 aM. Current measurements (a) were 
performed using Keithley 6487 with a linear sweep 0–2 V at the 
step of 0.1 V. LOD, limit of detection; BDNF, brain-derived neu-
rotrophic factor.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: 

C
en

tr
al

 S
ou

th
 U

ni
ve

rs
ity

   
   

   
   

   
   

   
   

   
   

 
21

8.
76

.2
9.

73
 -

 5
/5

/2
02

1 
5:

58
:5

0 
P

M



Li/Cui/Zhao/Du/Gopinath/Lakshmipriya/
Xin

Dev Neurosci6
DOI: 10.1159/000515197

of differences in changes in current at each target DNA 
concentration, illustrating that a difference in current can 
be detected with as little as 10 fM, and that saturation was 
achieved at the concentration of 100 fM. The figure inset 
shows the linear regression analysis of target sequence de-
tection from 10 aM to 10 fM, with the LOD seen at 100 aM. 
LOD was considered at the lowest concentration of an 
analyte from the calibration line to the background signal 
(S/N = 3:1; LOD = standard deviation of the baseline + 
3σ). The limit of quantification was found to be at the 
level of 1 fM.

BDNF Gene Target Detection by Capture-Target-
Reporter Sandwich Assay on the IDE Surface
The sandwich assay utilizing the capture probe and 

reporter was done to enhance the detection of the BDNF 
gene target sequence. As we found that 10 fM was the 
lowest concentration at which current changes could be 
detected, this target concentration was chosen to im-
prove the detection by sandwich assay with the reporter 
and capture probe. Reporter oligos at concentrations 
ranging from 10 aM to 1 pM were dropped individually 
onto the target (10 fM), and alterations in current were 
registered after the washing step. As shown in Figure 4a, 
the reporter elicited clear increments in current at all 
concentrations tested. At a target concentration of 10 aM, 
the current level was 3.26E−07 A; however, the current 
level increased to 4.68E−07 A after interaction with 10 

aM of the reporter. Moreover, when the reporter concen-
trations are enhanced to 100 aM, 1 fM, 10 fM, 100 fM, and 
1 pM, the current levels are also gradually enhanced to 
7.54E−07, 9.78E−07, 2.26E−06, 2.59E−06, and 2.71E−06 
A, respectively. The 10 fM, 100 fM, and 1 pM reporter 
concentrations did not elicit any significant differences 
in current levels, indicating that the saturation point for 
target/reporter base-pairing had been achieved. This 
clear increment in current improves the target detection 
from 10 aM. There are other factors involved in the du-
plex formation, and it is not 100% to fulfill the ratio of 
1:1. Especially, the biomolecular alignment and orienta-
tion play a crucial role. These possibilities make the lin-
earity with the enhancement of the current level from 10 
aM to 10 fM. Figure 4b depicts the changes in current in-
teraction between the reporter (10 aM to 1 pM) and the 
target (10 aM), clearly showing the changes in current 
from a 10 aM concentration of the reporter and satura-
tion at 10 fM. Linear regression analysis showed an LOD 
at 10 aM for reporter/target base-pairing. BDNF expres-
sions are highly related to various psychiatric disorders, 
including anxiety, depression, and bipolar disorder [43]. 
Varying expressions of BDNF are also associated with 
different neuropsychiatric and neurodegenerative disor-
ders, including Parkinson’s, Huntington’s, and Alzheim-
er’s diseases [44]. Inset in Figure 4b shows a standard 
curve with the linear operating range of the device. Usu-
ally, the average range of BDNF polymorphisms falls in 
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Fig. 4. a Capture-target-reporter sandwich assay was carried out 
on the IDE surface. Capture probe (1 M) was allowed to interact 
with 10 aM of the target DNA and detected by different reporter 
concentrations (10 aM to 1 pM). The current levels were also in-
creased with increasing reporter concentrations. Inset A diagram-
matic representation. b Differences in current generated with re-

porter/target binding. Reporter/target binding was saturated from 
10 fM, and a linear regression analysis shows the LOD of the target 
to be 10 aM. Current measurements (a) were performed using 
Keithley 6487 with a linear sweep 0–2 V at the step of 0.1 V. IDE, 
interdigitated electrode; LOD, limit of detection.
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the range of 18–26 ng/mL for a normal adult, which is 
equivalent to 2.3–3.2 μM. The BDNF polymorphism 
mentioned is on the protein expression; however, it is 
hard to measure at the gene level. Furthermore, the ex-
pression of BDNF is decreasing in the nigrostriatal path-
way and reflects the occurrence of neurogenerative dis-
eases, such as Parkinson’s disease. Validation of BDNF 
in the current study aids to develop a therapeutic agent 
for the neurogenerative disease [45]. The current work is 
determined in the range from low femtomolar till high 
picomolar, which indicates the higher reliability to be ap-
plied for covering the normal physiological relevant con-
dition of patients. Figure 5a shows the overall compari-
son of current levels for target/capture probe binding 
and reporter/target binding. As can be seen, the capture 
probe from 10 aM of the target shows the increment of 
current; however, it is not significant. To enhance the 
detection, when the reporter was added, the current lev-
el was enhanced, providing evidence for detection of the 
target at 10 aM. These results indicate that the sandwich 
pattern with the capture probe-target-reporter enhanced 
the detection of the BDNF target gene.

The current study demonstrated the maximum reach-
able level to quantify the DNA expression at a lower 
abundance. It is possible to perform with biological sam-
ples, provided with samples extracted from the larger 
amount of cells as concentrated or by PCR-mediated am-
plification. Due to the large length of the gene sequence, 
it is hard to correlate the BDNF gene expression and the 
concentration of samples. The total genome of BDNF is 

115,886 bp if considering only the BDNF genome in the 
extracted sample as 1 mg/mL. The final concentration 
would be 13 pM. However, it is not the case and always 
with other genomes and difficult to purify only the BDNF 
gene. Ultimately, the final concentration of BDNF is 
much lower.

Specific and Selective Detection of BDNF Target Gene
Figure 5b shows the reproducibility (average of trip-

licates) of detection with different surface modification 
steps carried out on the IDE surface. Here, apparently 
there is no obvious change in the ethanolamine blocking 
step, due to the very minimal available sites. A similar 
trend can be seen with the probe attachment due to the 
charge similarity to streptavidin. However, when attach-
ing the single-strand DNA target, there is a dramatic 
enhancement in the charge that originates from the 
DNA phosphate backbone. With the reporter sequence 
complementation, the charge of phosphate molecules is 
getting masked, and there was a reverse change in the 
current trend. To attest to the selective determination of 
the BDNF gene sequence, 3 different control experi-
ments were done with the capture probe immobilized 
on the modified IDE surface. Instead of target sequenc-
es, single- and triple-mismatched and noncomplemen-
tary sequences were reacted independently by the cap-
ture probe on the modified surfaces, and alterations in 
current were registered. Figure 6a shows the results of 
the control experiment for the target interaction with 
the capture probe, confirming that other control se-
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Fig. 5. a Comparison of changes in the current generated by target 
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binds to the capture probe from a concentration of 10 aM, and 10 
aM of target detection was enhanced by the reporter. Inset A dia-

grammatic representation. b Reproducibility of the immobiliza-
tion of each biomolecule on the IDE sensing surface. Current mea-
surements (a) were performed using Keithley 6487 with a linear 
sweep 0–2 V at the step of 0.1 V. IDE, interdigitated electrode.
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quences do not elicit noticeable changes in current com-
pared with those of the target. Figure 6b depicts the con-
trol experiment with single- and triple-mismatched and 
noncomplementary reporter sequences binding to the 
target, showing that these control sequences cannot sig-
nificantly complement the target sequence, whereas the 
perfect base-pairing with the reporter sequence elicits 
clear increments in current levels. Both control experi-
ments confirmed the selective binding of the BDNF tar-
get gene with capture and reporter sequences. After the 
control experiment, specific determination of the BDNF 

gene was done with the target sequence spiked in undi-
luted human serum or HSA. As shown in Figure 7, when 
1 pM of the target sequence was placed, the current level 
was enhanced to 4.22E−06 A, while mixed with undi-
luted human serum and HSA (670 μM [45 mg/mL]) in-
dependently, they were 3.92E−06 and 4.02E−06 A, re-
spectively. Not much difference was noticed, 
representing the specific determination of the target 
gene sequence for BDNF. Apart from this, generally, 
DNA strands are available in bodily fluids as double 
strands. To make them a single strand for the analysis, 
methods have been generated with the denaturation. 
The simpler strategy is denaturing the sample at 92°C 
for 1 or 2 min, which will linearize the DNA strands. The 
sensing surface was regenerated by using boiled water 
(92°C) and treated for 1 min 3 times. After 3 cycles, there 
was a reduction in the signal by 20%.

As displayed in this study, the primary advantage of 
aluminum microcomb electrodes on silicon wafer is 
with higher sensitivity and selectivity to finely discrimi-
nate the closely related DNA sequences by complemen-
tation. The overall sensing setup is suitable for both lab-
oratory-based and point-of-care analyses, in addition, 
operating with alternate and direct current supplies. The 
fabricated sensing surface with gap and finger regions 
accommodates a wide range of biomolecular sizes from 
smaller to a whole cell with higher nonfouling. The sens-
ing system shown here is with low cost, smaller in size, 
suitable for high-throughput analysis, and easier to op-
erate. Considering the negative side, the sensing surface 
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Fig. 6. Control experiments to confirm the selective detection of 
the BDNF gene sequence. Noncomplementary and single- and tri-
ple-mismatched sequences with the target (a) and reporter (b) 
were tested for control experimental analysis and compared with 
the detection of the perfect complement. The figure clearly shows 

that all the control experiments did not elicit significant changes 
in current when compared with the analysis using the specific se-
quence. Current measurements (a) were performed using Keithley 
6487 with a linear sweep 0–2 V at the step of 0.1 V. BDNF, brain-
derived neurotrophic factor.

Fig. 7. Selectivity analysis: 1 pM of target was used by spiking into 
undiluted human serum and HSA (670 μM [45 mg/mL]). Higher 
specificity was found. HSA, human serum albumin.
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is more opt for the oxide materials with appropriate sur-
face chemistry, and when changes happen from metal 
oxides to other material, further optimization is needed. 
Apart from that, when minimizing the gap regions at the 
lower nanoscale level, the system tends to give a short 
circuit.

Conclusion

BDNF is from the neurotrophin growth factor family 
and participates in neuronal growth and survival. Dys-
regulation of BDNF expression is close to several disor-
ders, such as bipolar disorder, depression, and Alzheim-
er’s and Parkinson’s diseases. Identifying and quantify-
ing BDNF will aid in the provision of suitable treatments 
for affected patients. In this study, a target BDNF gene 
sequence was detected via a capture probe attached to an 
IDE surface, where the LOD was found to be 100 aM. To 
improve the detection, a sandwich assay for capture-tar-
get-reporter was done on the IDE sensing surface. We 
found that the reporter sequence at concentrations rang-
ing from 10 aM to 1 pM elicited incremental alterations 
in current for the determination of 10 aM target DNA. 
Control experiments with single- and triple-mismatch 
and noncomplementary sequences did not elicit signifi-
cant alterations in the current, indicating the selective 
detection of the BDNF gene sequence. This experimental 

setup will aid in the quantification of BDNF and improve 
treatment for patients presenting with BDNF-related 
disorders.
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