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Detection of biomarkers has raised much interest recently due to the need for disease diagnosis and personalized
medicine in future point-of-care systems. Among various biomarkers, antibodies are an important type of detection
target due to their potential for indicating disease progression stage and the efficiency of therapeutic antibody drug
treatment. In this review, electrochemical and optical detection of antibodies are discussed. Specifically, creating a
non-label and reagent-free sensing platform and construction of an anti-fouling electrochemical surface for
electrochemical detection are suggested. For optical transduction, a rapid and programmable platform for antibody
detection using a DNA-based beacon is suggested as well as the use of bioluminescence resonance energy
transfer (BRET) switch for low cost antibody detection. These sensing strategies have demonstrated their potential
for resolving current challenges in antibody detection such as high selectivity, low operation cost, simple detection
procedures, rapid detection, and low-fouling detection. This review provides a general update for recent

developments in antibody detection strategies and potential solutions for future clinical point-of-care systems.

Antibody Detection Electrochemical Detection Optical Detection Biosensors

| 1. Introduction

Rapid, accurate, simple, and cost-effective disease diagnostic methods have progressed significantly, including
personalized medicine in the medical industrylll. The growing understanding of disease pathological pathways
provides different biomolecules as the indicators for various diseases. These biomolecules are generally defined as
the biomarkers of the disease and quantitative information from such biomarkers assists in assessing the stage of
the disease and providing information to design effective drug treatments, leading to the development of
personalized medicinel@Bl. Various biomarkers, including proteins, small molecules, and nucleic acids, are

efficacious indicators for cancers, neuro-degenerative disorders, and genetic disorders4IRIBI7IE]

Among the biomarkers of interest, antibodies represent an important type of detection marker for several reasons.
First, for many human diseases, such as oncological, inflammatory, neurological and psychiatric disorders, the
human immune system defends against external antigens through the production of the corresponding antibodies.
Therefore, quantification of the antibody is a reliable indicator for disease progressionl2. Second, as therapeutic
antibodies are established as a successful class of drugs to specifically target cancers and inflammatory diseases,
guantification of the antibodies is critical for clinically tracking the toxicity of the drug treatment and assessing the
efficiency of the drug deliveryl29. Third, antibodies are abundant in human blood; consequently, they provide a

feasible and reliable opportunity for biomarker detection, owing to the simplicity of blood processingl. Moreover,
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the challenge for antibody detection is actually diminished by the evolutionary process. The production of antibody
is the result of prior expression of the corresponding antigen by the disease-related genome. Therefore, nature
provides a high-affinity antibody binding agent, the antigen, which is used as the recognition element for the
antibody detection, predigesting the efforts for specific design of the recognition elements for biosensing systems.
Currently, the conventional methods for detection of such biomarkers, such as ELISA and Western Blot, require
exhaustive processing steps and multiple reagents, which are expensive, difficult to operate, and time-
consuming2l. Thus, these methods are not ideal for the robust demands of a rapid, simple, cost-effective point-of-
care system. In order to overcome this concern, a substantial number of advanced detection methods of antibodies
have recently been developed, especially methods based on optical and electrochemical systems/23I[141[15][16]
Optical systems measure an optical signal through fluorescent, colorimetric, or luminescent methods, enabling
rapid, sensitive, and direct detection of antibodies. Electrochemical systems are also ideal for the development of
point-of-care devices due to their simplicity, portability, rapidness, cost-effectiveness and sensitivity with the
capability of applying various transduction methods4. Detection of target biomarkers directly using human sera

samples can be achieved using electrochemical detection method1718],

However, technical challenges remain for both the electrochemical and the optical biosensing systems in antibody
detection. For example, the matrix effect induced by the non-specific components in complex biological fluids
causes nonspecific adsorption leading to false-positive results. The sensitivity and the detection limit of antibodies
are also critical for an early disease diagnosis, due to the relatively low abundance of antibodies in human fluids at
the early stage of the disease. Furthermore, in order to improve the detection efficiency, the antibody detection
process needs to be rapid. For a globally applicable point-of-care system, the detection strategy should also be
portable and cost-effective. In this review, we specifically select the few recent advances of antibody detection
strategies that can be representative, which resolve the obstacles described above, delivering potential clinically
applicable platforms. Detailed descriptions of detection strategies and future perspectives for the ultimate point-of-
care systems are discussed. This review aims to provide the biosensing community a general update on trends in

antibody detection strategies and the potential general methods for clinical applications.

| 2. Electrochemical Detection

Electrochemical-based biosensors quantify the antibody concentration by measuring the current or the impedance
through various electrochemical analytical methods. Electrochemical biosensors provide simple, cost-effective, and
accurate measurements24l. However, challenges remain in directly employing electrochemical detection strategies
for point-of-care systems. First, selectivity of the detection methods, which can differentiate different antibodies, is
crucial for the reliability of the detection results. This challenge can be addressed by using high-affinity antibody
recognition elements, such as epitope or antigen. Second, high sensitivity is necessary to provide a reliable and
generalized detection platform. With the development of simple fabrication methods of highly sensitive materials2
(20121]22][23] the sensing material can provide a precise response to minute changes in electrical conductivity.
Moreover, the simplicity of the detection strategy is critical for its potential applications. The sensing strategy can

be simplified by creating a novel sensing platform that is non-label, and reagent-freel24l251126] Reducing fouling
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events is also a key challenge for antibody detection since fouling can lead to false-positive detection signals2427,

Therefore, construction of an anti-fouling electrochemical surface is important to enhance the detection accuracy.

2.1. Selective Detection Strategy

A key challenge in the development of antibody detection platforms for point-of-care use is selectivity. Highly
specific, target responsive, biomolecular scaffolds demonstrate an excellent selectivity for antibody detection. An
antibody-activated electrochemical “switch” was recently demonstrated with a high detection specificity (Figure 1a)
(28] Bound by thiol group to a gold working electrode, the platform’s recognition element consisted of a single-
stranded DNA probe containing two target recognition elements (antigens, epitopes, or haptens). The transduction
mechanism was based on a proximity change between the sensing element and a methylene blue tag. When
target antibodies were not present, the DNA probe adopted a stem-loop conformation and brought the redox label
close to the gold electrode, enabling a rapid electron transfer rate and generating a significant Faradaic current. In
the presence of target antibodies, the DNA probe unfolded, creating a longer distance between the tag and the
electrode, resulting in a low electron transfer rate and a low Faradaic current. This platform for antibody detection
was insensitive to nonspecific adsorption and enhanced selectivity because the recognition element was
associated with a large-scale conformational change. The change was activated by a high binding affinity that was
produced by specific binding of a target antibody. This strategy was applied for the detection of anti-DNP, digoxin
antibody, and anti-HIV antibody AF5, and utilized different recognition elements such as small-molecule haptens

and polypeptide epitopes, achieving a nanomolar level of detection within 10 min in whole blood.
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Figure 1. (a) lllustration of the electrochemical “switch” composed of single-strand DNA with linked antigens and
methylene blue redox label. Introduction of the target antibody opens the loop and moves the redox label away
from the electrode. (Adapted with permission from Ref.[28l. Copyright © 2012 American Chemical Society). (b)
Schematic of the “triplex-stem” DNA molecular switch on gold electrode. Addition of capture DNA (middle) shows a
ferrocene molecule moving away from the electrode, and digoxin antibody introduced to the system binds with
digoxin on the ends of the capture DNA and causes it to be released, converting the triplex system to hairpin DNA
with ferrocene close to the electrode surface. (Adapted from Ref.29. Copyright © 2014 Elsevier B.V.)

Similarly, Wei et al. also developed a strategy to quantify antibody in serum using a DNA molecular switch (Figure

1b)[22. The recognition element was the “capture” DNA complex with two digoxin targets on either end of a single
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strand DNA sequence. The electrochemical signal of ferrocene based on its position to the electrode served as the
transduction element. The sensing element was a thiol-modified hairpin DNA structure labeled with ferrocene
bound to an electrode. Incubation of the capture DNA allowed the six cytosine bases to interact with the
complementary sequence located in the hairpin DNA structure, forming the “triplex-stem” DNA structure. The
formation of the triplex-stem DNA separated the ferrocene on the hairpin DNA structure away from the electrode,
reducing the electrochemical signal. Digoxin antibody bound to the digoxin in the capture DNA sequence released
the capture DNA, leaving only the hairpin DNA on the electrode and returning the ferrocene closer to the electrode.
This method demonstrated a detection range of 1.0-500 pg/mL and a lower detection limit of 0.4 pg/mL (5.8 fM).
Dection of digoxin antibodies in blood serum was achived with 91.6% to 105% recovery rate. Selectivity of the

sensor was also demonstrated with less than 15% recovery effiency of antibodies other than target digoxin.

A carbon electrode modified with carboxyl nanotubes was used to detect antibodies of Zika virus (ZIKV), Dengue
virus (DENV), Circumsporozoite protein (CSP) 210 and CSP 240. Cabral-Miranda et al. developed a sensor to
distinguish between ZIKV antibodies and DENV antibodies in blood and saliva after the recent outbreak of ZIKV
(Figure 2a)B and the cross-reactivity between the antibodies. The recognition elements were the envelope
protein domain Il (EDIII) and non-structural protein 1 (NS1) proteins from residues 299-407a of ZIKV.
Electrochemical impedance spectroscopy (EIS) was the transduction mechanism measuring the resistance within
the biosensor through a KsFe(CN)g and K4Fe(CN)g redox solution. A three-electrode system of carbon electrodes
with silver connections served as the sensing element of the biosensor. The proteins were immobilized to an
activated surface of the carbon working electrode. In pure sera, this sensor detected antibodies at a lower limit of
53 fg/mL and 17 fg/mL for the EDIIl and NS1 based sensors, respectively. The sensors were able to selectively
recognize antibodies against the two proteins in both human sera and saliva. When testing for cross-reactivity, the
ZIKV antibodies did recognize the biosensor, but the DENV antibodies did not.

1 l| m|
T J|HF

r -
: m) |mf
Lol

‘H;L fig*
iJTir l:Iu ¥ il Ll

ﬂ“ ) -

(a)

Figure 2. (a) Schematic of the fabrication of the Zika virus (ZIKV) antibody-detecting biosensor by activation of
carboxylic acid ends (Il), and incubation with NS1 and EDIII protein (IV1 and 1V2, respectively). (Adapted from Ref.
(89 Copyright © 2018 Elsevier B.V.) (b) Schematic of the fabrication of the circumsporozoite (CSP) antibody
detecting biosensor. Carboxylic acid ends are activated (B), aminated by the addition of ethylenediamine (C),
incubated with CSP protein 210-247 (D), and bound to Anti-CSP 210 or 247 (E). (Adapted from Ref.[3. Copyright
© 2017 Elsevier B.V.)
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Cardoso et al. also investigated an immobilization method for the biosensor in the detection of the CSP antibodies
during infection in malaria diagnosis (Figure 2b)1. The recognition element was a peptide with antigen regions
CSP 210-247, which was immobilized onto the carbon nanotube (CNT) surface after modifications to activate and
aminate the carboxylic surface. The addition of the antigen onto the electrode and CNT increased the charge-
transfer resistance of the overall system. The electrochemical responses were measured through EIS. A
carboxylated carbon nanotube monolayer was used to coat the carbon electrode surface of the biosensor,
increasing the electrical properties of the layer. Both CSP 210 and CSP 247 antibodies were tested individually and
also in combination in mouse sera, showing selective detection of Anti-CSP 210-247. The detection limit of this
biosensor was in the range of 50 fg/mL. This strategy indicated a potential early detection method for diseases by

creating a single sensor covering a group of antibodies of the same or different disease.

These strategies demonstrate the selective detection of selected antibodies. The conformational changes in DNA
create more selective sites enhancing the detection. Furthermore, the use of DNA bypasses the need to use
additional labeling and is highly associated to the target in contaminant-rich specimens such as serum. Finally,
distinct protein sequences create the ability to detect individual antibodies between similar families of viruses. The
applications targeted here, flaviviruses and malaria are a small sample, but indicate the value that such a selective

detection process can provide as point-of-care systems for tracking a disease.
2.3. Simplified Detection Strategy

A point-of-care system is necessary in resource-limited areas. Thus, simplicity for both the biosensor fabrication
and the detection procedures is criticall®2. It is critical to create a reagent-free electrochemical platform which is
easy to operate. A novel sensing platform based on the antibody-catalyzed water oxidation pathway (ACWOP)
sensing platform was created as a simplified detection method (Figure 3a)23l. Because single antibodies naturally
catalyzed the production of hydrogen peroxide (H,O,) in the presence of water and a singlet oxygen (O,*), this
strategy enables antibody quantification through the detection of H,O,. The recognition element consisted of
haptens bound to poly(oligoethylene glycolmethacrylate) (POEGMA) polymer brushes. The transduction
mechanism was based on the redox response of resorufin (7-hydroxy-3H-phenoxazin-3-one). The sensing element
was a glassy carbon working electrode in a three-electrode system. The platform used DNP haptens to detect anti-
DNP, and was capable of detecting H,O, at concentration as low as 0.33 nM. Additional tests indicated that the
device could detect less than 3 pg antibodies in a 10 pL sample (2 pM). This strategy allowed for the direct
detection of antibodies, via H,O,, regardless of the specificity of the antibody, eliminating the need for specially

prepared secondary reagents, and reducing the complexity of the preparation process.

A redox probe is commonly used to enable changes on the biosensor electrode surfaces for quantification of
antibodies with electrochemical analytical techniquesB4EIEEIST Thys, quantum dots (QDs) were utilized for the
detection of antibodies (Figure 3b)E8l. For this design, the recognition element was enzyme-based and this
platftorm was modeled with tissue transglutaminase (tTG) for the detection of anti-tTG IgG antibodies. The
transduction element consisted of an acid attack on the quantum dots. This platform was modeled with dSe/ZnS

QDs and hydrochloric acid for the acid attack. Electrochemical detection of Cd?* released from the QDs was
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directly correlated to the antibody concentration. This procedure was performed on a sensor surface formed by
eight three-electrode electrochemical cells with carbon-based working and counter electrodes. Normally, the
bioassay and the subsequent acid attack were performed outside of the detection platform. However, the acid
attack and the detection were performed directly on the screen-printed electrodes for this platform. This strategy

uses QDs as a simple approach for the detection of antibodies.

Many current biosensor platforms rely on externally labeled biomolecules in order to process a transducing
signall32[40141]42143] - A non-label platform was developed to simplify the detection process for pathogens like
hantaviruses (Figure 3c)44l. The recognition element was a target specific antigen—HNp. The sensor surface was
prepared with functionalized self-assembled monolayers (SAM) on a standard three-electrode system with a gold
working electrode. Afterwards, hantavirus Araucaria nucleoprotein (HNp) was immobilized to the sensor through an
EDC/NHS reaction for specific detection of anti-hantavirus antibodies, forming a Au-MPA-HNp complex. This model
was a simple detection platform created for anti-hantavirus detection and was able detect target antibodies at
nanomolar levels within 3 hr. With a rapid and simplified detection system, this platform offers potential to qualify

hantavirus detection for point-of-care use in the future. In Figure 1, O,* is a singlet oxygen.

These strategies emphasize the simplicity of detection. Current standards are complex and require not only more
time, but also more resources. The antibody-catalyzed water oxidation pathway-based platform demonstrates a
simplified sensing approach. The QD platform demonstrates an improvement on similar sensing platforms that
were previously developed. The hantavirus platform demonstrates the appeal of a non-label method for the

transduction mechanism.
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Figure 3. (a) Schematic of antibody-catalyzed water oxidation pathway-based electrode. (Adapted with the

permission from Ref.[23. Copyright © 2014 American Chemical Society.) (b) Schematic of the biosensor for
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detection of the antibody-bound quantum dots. (Adapted from Ref.[28. Copyright © 2014 Elsevier B.V.) (c)
lllustration of the fabrication process of self-assembled monolayer with immobilized hantavirus nucleoprotein for
detection of the antibody (Adapted from Ref.[24l. Copyright © 2019 Elsevier B.V.).

2.4. Anti-Fouling Detection Strategy

An electrode is commonly used as a sensing element for signal transduction. Therefore, the natural affinity of metal
electrodes with biomolecules can lead to a fouling issue, affecting the performance of the biosensor in sensitivity,
detection limit, and accuracy24[23l27]145] Thys, it is critical to minimize the fouling effects. Using the antifouling
characteristic of cysteamine-modified graphene oxide interface, a recent study demonstrated a highly sensitive
method for auto-antibody detection in undiluted human serum (Figure 4a)48l. The recognition element was a-Syn
antigen covalently attached to the graphene oxide carboxylic groups. The transduction method measured the
impedance change induced by the target antibody with non-faradaic EIS analyses. The sensor surface was
prepared by immersing a cysteamine-modified gold electrode in a graphene oxide solution. The electrode surface
possessed non-fouling characteristics due to its highly hydrophilic nature and the hydroxyl, epoxy and carboxyl
groups in graphene oxide enhancing the detection of the target antibodies. This detection processed a low

detection limit of 1.2 pM and a high selectivity in undiluted human serum.
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Figure 4. (a) Schematic illustration of the sensing platform. Cysteamine-modified gold interface is immersed in
graphene oxide and then activated to form amide bonds with a-Syn antigens (Adapted with permission from Ref.
“6lCopyright 2015 American Chemical Society). (b) Comparative analysis between graphenyl surface and
mercapto-monolayer surface. (Adapted with permission from Ref.4Z. Copyright 2018 American Chemical Society.)

(c) Top: schematic of electrochemical sensor for detection of brucellosis antibody on magnetic glassy carbon
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electrode. Bottom: schematic for formation of magnetic core-shell Fe304 nanoparticles modified with polyethylene
glycol and hyaluronic acid. (Adapted from Ref.48. Copyright © 2018 Elsevier B.V.)

A graphenyl surface was also used to improve the antibody detection (Figure 4b)4Z. A highly sensitive biosensing
platform was developed to detect glutamic acid decarboxylase antibodies (GADA). The recognition element was
GAD antigens linking onto the carboxylated-graphene modified gold surface. The transduction was the current
signal change measured with ferricyanide reagent. Compared with a self-assembled monolayer with MPA, the
carboxylated-graphene modified surface possessed a lower detection limit and a wider dynamic range for antibody
detection. To eliminate the matrix effect, A/G protein modified magnetic beads were employed to isolate GADA
antibodies from human serum due to the binding sites on A/G protein. With the presence of GADA antibodies
bound to the A/G magnetic beads, the GAD antigens on the biosensor attached to the graphenyl surface captured
the antibodies leading to insulation on the electrode resulting in lower redox current of the ferri/ferrocyanide probe.

The detection limit was in the pico-molar range.

A magnetic core-shell Fe;04 nanopatrticles-based electrochemical biosensor was developed addressing the fouling
issue (Figure 4c)28l. The recognition element was brucella outer membrane protein 31 (OMP31). Electrochemical
signals were measured using DPV with Ru(NH3)63*/KCl solution as the transduction mechanism. The sensor
surface was prepared by adding Fe;O4—gold nanoparticles with polyethylene glycol and hyaluronic acid to a glassy
carbon electrode. The limit of detection of the biosensor was 0.36 fg/mL. Testing of the sensor in blank serum,
helper phage, and cow milk indicated less than 3.05%, 1.0%, and 1.27%, respectively, of non-specific protein
adsorption by the modified Fe;0,—~Au—PEG—-HA nanopatrticles. With the high sensitivity detection at concentrations
significantly below typical blood serum antibody levels, this strategy showed potential as an early diagnostic

method.

The strategies shown resolve the fouling effect, preventing non-specific adsorption on the electrode surface. The
first strategy reduced fouling effect on the electrode by modifying the graphenyl surface. The second strategy used
the matrix effect through protein A/G linked MAG beads. Additionally, modifications to the biosensors using
magnetic core shell Fe;0, effectively prevented non-specific interactions with other elements of the medium while
retaining selectivity with the target antibodies. The advances made in preventing non-specific adsorption to the

electrode allow accessible testing in the presence of other biomolecules.

2.5. Rapid Detection Strategy

Clinical diagnosis with a rapid turnaround time enhances the time-efficiency of the healthcare workflow442l An
effective method to detect HIV antibodies in complex biological samples based on steric hindrance was recently
developed (Figure 5a)B%. The recognition element was the epitope of gp41l attached to a peptide nucleic acid
(PNA) sequence. The transduction method involved the current signal of the methylene blue tag induced by the
efficiency of hybridization through the steric hindrance effect depending on the presence or absence of the
antibodies. A 3D nanostructured gold was deposited on an indium tin oxide (ITO) electrode. The peptide, epitope of

gp41l, was attached to the PNA sequence hybridized to a 32-base-long DNA signaling strand forming a sensing
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complex. The epitope was bound to the target antibodies leading to changes in hybridization between the signal
DNA strand and the capture DNA strand on the electrode through the steric hindrance effect. The redox label,
methylene blue, was conjugated to one end of the signaling DNA strand. With the presence of antibodies on the
peptide-PNA-DNA sensing complex, the steric hindrance effect reduced the number of redox labels bound to the
electrode resulting in a reduced current signal. The detection limit was nanomolar and the readout signal was ten

times larger than those of the other electrochemical sensors in less than ten minutes.
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Figure 5. (a) With the presence of target antibodies, the hybridization of the redox-labeled PNA-peptide complex to
the capture DNA bound to the electrode is reduced; the current signal is measured with the presence (black line) or
absence (blue line) of the target antibodies (adapted with permission from Ref.BUCopyright 2019 American
Chemical Society). (b) Schematic of the electrochemical sensor for detection of IgE. Carbon or gold electrode (A)
is covered with a chitosan film through combination of glutaraldehyde and holgG3 (B). Test serum is added to
capture human IgE (C), and goat anti-IgE labeled with alkaline phosphatase is added to enable the reaction with
hydroquinone (D). (Adapted from Ref.[Bl. Copyright © 2017 Elsevier B.V.)

Rapid detection is also important for allergic reaction screening. Passive antibody therapy is an effective treatment
as an antivenom. Prado et al. investigated an electrochemical sensor that detected the reactive IgE antibodies
responsible for the allergic reaction rapidly (Figure 5b)2l. The recognition element was goat anti-human IgE
antibody with alkaline phosphatase. Cyclic voltammetry (CV) quantified the current changes through the redox
reaction of hydroquinone by the alkaline phosphatase as the transduction mechanism. The sensor surface was
prepared by crosslinking horse 1gG3 (holgG3) to a chitosan film on the gold or carbon electrode using
glutaraldehyde. The limit of detection for this sensor was 0.5 pg/mL. This strategy provided a rapid screening to

determine potential patient allergies to passive antibody therapy before administering any other treatment.

Organic thin-film transistor (OTFT) was also developed for rapid antibody detection. (Figure 6a)2. This device
also quantified the binding affinity between the antibody and the antigen. A modified pentacene-based organic thin-
film transistor (OTFT) was used as a real-time and selective immuno-detection platform for antibody detection. The
sensing element was a bottom-contact OTFT with a dielectric layer, source-drain gold electrodes, and a pentacene
layer. A perfluor-1,3-dimethylcyclohexan (PFDMCH) layer was used to passivate the OTFT surface and a maleic
anhydride (MA) layer was used to chemically functionalize the OTFT surface. The ppMA layer was activated with

EDC/NHS (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide/N-hydroxysuccinimide) on which a catcher probe was
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covalently attached as the recognition element. The transduction mechanism was a titration flow system crossing
the surface of the sensor using a flow cell. As the target antibody concentration changed, the current output of the
flow cell shifted accordingly. This platform detected antiBSA using BSA as the catcher probe and detected antibody
at nanomolar levels. This OTFT platform was effective for antibody detection, and also for the quantification of
bonding strength and charge discrimination capabilities. Comparing with electrochemical devices for quantification
of biomolecular binding affinity®3], the direct transduction of binding affinity to electrical signal through OTFT

demonstrated a potential universal platform for biophysical property analysis.
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Figure 6. (a) (i) Organic molecule chemical structures. (i) Schematic of the fabrication process of an Organic Thin
Film Transistor (OTFT) with source-drain gold electrode, dielectric layer, and pentacene layer for passivation and
functionalization of the OTFT surface. (iii) Schematic of the sensor to selectively detect anti-BSA. (Adapted with
permission from Ref.52. Copyright © 2014 American Chemical Society.) (b) Schematic of the expressed HCV core
protein bound to HCV-core IgG antibody, with electrochemical detection of the anti-HCV-core 1gG antibody through
the reaction of p-aminophenyl phosphate (pAPP) with alkaline phosphatase (ALP). (Adapted from Ref.24],
Copyright © 2016 Elsevier B.V.)

These strategies used various methods to reduce the turnaround time for antibody detection. Enhanced steric
hindrance with a 3D nanostructured electrode was applied to rapid HIV antibody detection. The use of biosensor
detection for antibody therapy screening is another potential application for rapid detection sensors, as shown by
creating sensors for detection in human serum of the reactive antibody IgE. Additionally, thr OTFT platform

illustrates the potential and the rapid nature of a real-time biosensing platform.

2.6. Low-Cost Detection Strategy

Inexpensive antibody detection is a focus for electrochemical-based biosensors. A low-cost electrochemical assay
for the detection of anti-hepatitis C virus (HCV) was developed using hydrolysis reaction®4. This strategy used
genetically engineered yeast bio-bricks that display HCV core protein concatenated to gold-binding peptide (GBP)
for a biosensor (Figure 6b). The sensing element was a screen-printed gold electrode with immobilized HCV core
protein/GBP located on the surface of the yeast cell and mouse anti-HCV-core 1gG antibody bound to the HCV
core protein. The recognition element was a rabbit anti-mouse IgG antibody with alkaline phosphatase. The
transduction mechanism was the electrochemical signals generated in the conversion of p-aminophenyl phosphate
(PAPP) to p-aminophenol (pAP), measured through CV utilizing a potentiostat connected through the audio port of
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a smartphone. This strategy used surface-expressed proteins on renewable bio-bricks in electrochemical sensing
in conjunction with the readily accessible and available smartphone to capture readings, potentially creating a more
affordable point of care diagnostics. The reduced cost of antibody detection in the strategy is achieved through the

use of reusable detection platforms and accessible detection devices.

| 3. Optical Detection

Optical-based biosensors are also widely developed for antibody detection338l. High-sensitivity quantification
through optical imaging are achieved within seconds8dMoreover, optical imaging is more suitable for the
application of in-vivo sensing8®9 owing to its direct signal translation process. Herein, we review recent
developments of optical sensing strategies, demonstrating a great potential for antibodies screening or detection

system.

3.1. Rapid Detection Strategy

Using the base-pairing chemistry of DNA, optical-based biosensors allow for accurate and rapid antibody detection.
Recent research demonstrated a sensitive, and highly specific method to detect antibodies (Figure 7a)€%. The
recognition element was the epitope or corresponding antigen to the antibody of interest. The transduction method
was the target antibody-induced generation of a fluorescent signal. A programmable DNA nano-switch was
designed with three individual strands of nucleic acids: the first strand was a stem loop structure consisting of a
pair of fluorophores and quencher with a 15-base-long toehold region; the second strand was a recognition
element conjugated ssDNA complementary to the toehold region of the first strand, forming a reporter module
duplex; and the third strand with the same recognition element was hybridized to the loop region of the first strand.
The sequence design of the first strand and second strand allowed hybridization only in close proximity sterically.
With the presence of the antibody, the reporter duplex and strand 3 were bound to the antibody scaffold, initiating
the strand displacement reaction with the release of the fluorescence signal. The detection limit of this strategy was

at the nanomolar level. The turnaround time of this platform was around 15 min.
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Figure 7. (a) With the presence of the target antibody, the reporter module and input strand are in close proximity
with each other which brings up the efficiency of hybridization. The binding of the recognition elements and the
target antibodies leads to the release of the signal from the fluorescence/quencher pair. The signal gain is recorded
with different concentrations. (Adapted with permission from Ref.[83Copyright 2018 American Chemical Society.)

(b) The binding of the target antibody to the recognition elements on two single-stranded tails opens the stem-loop
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structure, leading to the release of the fluorescence signal (adapted from Ref.8X copyright 2015 WILEY-VCH
Verlag GmbH & Co. KGaA, Weinheim).

Similarly, a rapid and programmable platform for antibody detection using a DNA-based beacon was developed
(Figure 7b)E. The recognition elements were small molecules, polypeptides, and epitopes corresponding to
different target antibodies. The transduction element was the emission of the fluorophore/quencher pair on the
DNA stem-loop structure induced by the target antibody. The two single strands of DNA each contained one
recognition element based on the design of the structure. This platform detected one or two bivalent molecules,
and even as the logic gates for the detection of two multivalent molecules. For example, it detected antiDig
antibodies with digoxigenin (Dig) on each side of the strand. It also detected monovalent TATA binding protein
(TBP) with hairpin DNA corresponding to the TBP sequence. Moreover, by changing the design of the recognition
element to Dig and DNP on two strands, this sensor detected both the presence of anti-Dig and anti-DNP
antibodies. With the presence of the targets, the fluorescence signal was generated by the opening of the stem-
loop structures induced by the hybridization of the target to the recognition element. The detection limit reached

nanomolar concentrations and the detection time was lowered to 2 min.

These methods are built on the construction of DNA hairpin structures and conformational changes induced
signaling mechanism, and they allowed for rapid detection. Due to the selective and rapid antibody-antigen binding
process, target antibodies were optically detected using fluorescence/quencher pairs in less than 10 min.
Shortening of detection times using structure-switching design in antibody detection satisfies the need for rapid

detection of disease in point-of-care systems.

3.2. Sensitive Detection Strategy

High sensitivity of biosensor is needed for antibody detection. Gold-coated nanoparticles were used to enhance its
sensitivity in antibody detection (Figure 8a)2. A modified optical fiber long period grating (LPG) linked onto gold-
coated biosensors was developed recently. The sensing element was an LPG biosensor using three layers of
poly(allylamine hydrochloride)/gold-coated silica nanoparticles. The recognition element was a chemically
functionalized layer on the nanoparticles that directly bound to the antibodies. Furthermore, the functionalized
nanoparticle layer was attached a hapten. In one case, the nanoparticles were decorated with amine groups to
attach the hapten biotin for streptavidin detection. The platform also utilized EDC/NHS enabling the covalent
binding of anti-lgM to activate esters. To quantify the antibody population, the transduction element was
characterized by changes in refractive index of the LPG, creating shifts in the wavelength of light traveling through
the sensor. The changes quantified the antibody detected based on their direct proportional relationship to the

antibody adsorption.
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Figure 8. (a) Top: lllustration of the fabrication process for a long period grating (LPG) biosensor through the
addition of three layers of poly-allylamine hydrochloride (PAH) and silica nanoparticles, functionalized with gold
nanoparticles. Bottom: gold nanoparticle structure that can bind biotin. (Adapted from Ref.[82. Copyright © 2018
Elsevier B.V.) (b) lllustration of antibody detection using Au-nanoparticles using optical and electrochemical

methods. (Adapted with permission from Ref.[83l. Copyright 2017 American Chemical Society.)

A peroxidase-mimetic nanomaterials-based sensor was demonstrated recently (Figure 8b)E3l. The recognition
element was the antigen attached to the carbon electrode. The transduction method was colorimetric and an
electrochemical signal change induced by the oxidation reaction of TMB/H,O, catalyzed by the 1gG/-NPFe,O3NC .
Gold-loaded superparamagnetic ferric oxide nanotubes (NPFe,O;NC ) were used for a molecular sensor based on
its enhanced peroxidase-like activity and highly paramagnetic feature. After the target antibodies bound to the
antigens on the carbon electrode, the a-IgG attached NPFe,O3;NC was captured by the antibodies. The catalyzed
oxidation reaction of TMB solution in the presence of H,O, produced a blue-colored transfer complex which turned
into a yellow-colored product with the addition of a reaction stopping solution. Both absorbance and the current
signal quantified the concentration of target antibodies. The use of NPFe,O3NC provided a sensitive detection
method with a detection limit of 0.08 U/mL.

These strategies illustrate the use of novel nano-scale materials to enhance the sensitivity of biosensors. The LPG
platform is highly modifiable with the gold nanoparticles, while simultaneously offering sensitive detection through
its wavelength-based transduction mechanism. Furthermore, the large surface of gold-loaded nano-porous ferric
oxide nano-cube and the presence of gold nanoparticles in the NPNC platform enhance the TMB/H,0, reaction,
resulting in higher sensitivity of this detection strategy. Increased biosensor sensitivity in antibody detection can
alleviate current challenges presented due to the small amount of target antibodies in blood/serum samples in the

early stages of diseases.

3.3. Low-cost Detection Strategy

The cost of antibody detection by optical biosensors is lowered through employing inexpensive material in the
detection system. Microfluidic paper-based analytical devices (UPADs) employing bioluminescence resonance
energy transfer (BRET) switches were developed for antibody detection (Figure 9a)4. The recognition element
consisted of LUMinescent AntiBody Sensing proteins (LUMABS) on BRET sensors/switches. The transduction

mechanism was a bioluminescent signal with a hue-based readout. The sensing element was a multilayered 3D-
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MPAD. This approach enabled a simplified fabrication process because the combination of inexpensive material
and lowered precision still offered proper functionality. In the absence of target antibodies, the BRET switch was in
a green light-emitting “closed” state. In the presence of target antibodies, the binding triggered conformational
changes in the switch enabling a blue light-emitting “open” state. The signal was then collected and quantified
using a digital camera. This platform detected antiHIV1, anti-HA, and anti-DEN1 at nanomolar levels and was
effective as a simplified antibody detection platform. The combined use of yPADs and BRET switches simplified the

fabrication process and simultaneously enabled the detection of three different antibodies.
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Figure 9. (a) Top: schematic of green light-emitting luminescent antibody-sensing proteins (LUMABS) in the
absence of target antibody and blue light-emitting LUMABS in the presence of antibody. Middle: schematic of a
microfluidic paper-based analytical device. Bottom: schematic of detection of three separate antibodies using a
single device. (Adapted from Ref.[64l. Copyright © 2018, The Authors, published by Wiley-VCH Verlag GmbH & Co.
KGaA.) (b) Top: schematic of the SnS2 quantum dots and Ag nanoflowers ternary structure on the glassy electrode
and subsequent signal off and on mechanism. Bottom: Proposed ECL mechanism of the system. (Adapted with

permission from Ref.[3l. Copyright 2018 American Chemical Society.)

Quantum dot (QD) is a novel material for optical detectionl2l. However, using quantum dots as
electrochemiluminescence (ECL) emitters for biosensing applications is restricted by the use of toxic or rare
materials. This strategy uses tin disulfide, a fullerene-like n-type semiconductor, as a nanomaterial for ECL
biosensors (Figure 9b)3. The recognition element was an amino-modified assistant probe (AP) crosslinked with
chitosan. The transduction mechanism occurred through the reaction between the S,0g2~ solution and the tin
disulfide quantum dots (SnS, QDs). The sensing element was a ternary system of SnS, QDs with silver
nanoflowers (AgNFs) immobilized onto glassy carbon electrodes. The sensor was in an “on” state when the sensor
containing the crosslinked AP produced a strong ECL signal, and moved to an “off” state when DNA strands
modified with Fc were bound to the sensor. Anti-CMV pp65 introduced to a multi-functionalized oligonucleotide-
CMV pp65 peptide conjugate capture probe initiated a series of processes that created a large quantity of mimic
target (MT) sequences. When the MT was captured by the AP, the modified DNA-Fc was released from the surface
of the electrode, reverting the sensor back to the “on” state. This ECL biosensor achieved an antibody detection

limit of 0.33 fM and used a more accessible and safer material for quantum dots biosensors.
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These strategies describe the widened applications along with low-cost sensing platforms. The yPADs platform
provided a low-cost alternative for disease detection through the use of inexpensive materials in the form of a
paper-based system and inexpensive quantification methods in the form of a digital camera. Furthermore, a
guantum dot sensor provided an alternative to standard costly quantum dots by utilizing abundant and lower cost
tin disulfide as potential material for the sensors. This approach can lead to the development of more affordable

and accessible biosensors for point-of-care systems, which may be important in low-resource areas.

| 4. Conclusions

Electrochemical and optical biosensing strategies show great potential for the development of antibody-detection
platform technologies. Both electrochemical and optical detection platforms are attractive for future antibody
detection due to factors such as rapid readout, cost-effectiveness, sensitivity, selectivity, and portability. Despite
biosensing strategies having been demonstrated for antibody detection, there is still an unmet need for the
development of antibody detection. An integration of current biosensor platforms into routine clinical usage still
requires significant advancement in future research. To construct a universal detection strategy, we need to
integrate electrochemical and optical transduction mechanisms with the merits of different biosensing strategies.
We believe that establishing the clinical protocols for sample processing is critical to generalized sample analysis.
Furthermore, the integration of detection systems is limited and will require further development. Therefore,
research on the integration of sensing elements, recognition elements and transduction elements into a
preservable biosensor product requires more scientific and technological efforts to lead to a portable point-of-care
system which is widely applicable globally. Moreover, advances in multiplex, in-vivo biosensing strategies remain
limited. Once the technical challenges, such as advancements in biocompatible materials and in-vivo transduction
of multiple signals are resolved, next-generation biosensing platforms can become a widespread standard for

clinical point-of-care screening and detection systems.

References

1. Pauline C. Ng; Sarah S. Murray; Samuel Levy; J. Craig Venter; An agenda for personalized
medicine. Nature 2009, 461, 724-726, 10.1038/461724a.

2. Peters, K.E.; Walters, C.C.; Moldowan, J. The Biomarker Guide; Cambridge University Press:
Cambridge, UK, 2004; pp. 355—-398.

3. Wanghong He; Minli You; Wanting Wan; Feng Xu; Fei Li; Ang Li; Point-of-Care Periodontitis
Testing: Biomarkers, Current Technologies, and Perspectives. Trends in Biotechnology 2018, 36,
1127-1144, 10.1016/j.tibtech.2018.05.013.

4. Heidi Schwarzenbach; Dave S. B. Hoon; Klaus Pantel; Cell-free nucleic acids as biomarkers in
cancer patients. Nature Reviews Cancer 2011, 11, 426-437, 10.1038/nrc3066.

https://encyclopedia.pub/entry/220 15/22



Electrochemical Detection for Antibody Detection | Encyclopedia.pub

10.

11.

12.

13.

14.

. Yan Li; Qiupeng Zheng; Chunyang Bao; Shuyi Li; Weijie Guo; Jiang Zhao; Di Chen; Jianren Gu;

Xianghuo He; Shenglin Huang; Circular RNA is enriched and stable in exosomes: a promising
biomarker for cancer diagnosis. Cell Research 2015, 25, 981-984, 10.1038/cr.2015.82.

. Shotaro Shimonaka; Takashi Nonaka; Genjiro Suzuki; Shin-Ichi Hisanaga; Masato Hasegawa,

Templated Aggregation of TAR DNA-binding Protein of 43 kDa (TDP-43) by Seeding with TDP-43
Peptide Fibrils*. Journal of Biological Chemistry 2016, 291, 8896-8907, 10.1074/jbc.M115.71355
2.

. Qian Yuan; Xiao-Dong Li; Si-Miao Zhang; Hong-Wei Wang; Yun-Liang Wang; Extracellular

vesicles in neurodegenerative diseases: Insights and new perspectives. Genes & Diseases 2019,
null, , 10.1016/j.gendis.2019.12.001.

. Chris Wallace; Stephen J. Newhouse; Peter Braund; Feng Zhang; Martin Tobin; Mario Falchi;

Kourosh Ahmadi; Richard J. Dobson; Ana Carolina B. Margano; Cother Hajat; Paul Burton;
Panagiotis Deloukas; Morris Brown; John M. Connell; Anna Dominiczak; G. Mark Lathrop; John
Webster; Martin Farrall; Tim Spector; Nilesh J. Samani; Mark J. Caulfield; Patricia B. Munroe;
Genome-wide Association Study ldentifies Genes for Biomarkers of Cardiovascular Disease:
Serum Urate and Dyslipidemia. The American Journal of Human Genetics 2008, 82, 139-149, 10.
1016/j.ajhg.2007.11.001.

. John T. Ballew; Joseph A. Murray; Pekka Collin; Markku Maki; Martin F. Kagnoff; Katri Kaukinen;

Patrick S. Daugherty; Antibody biomarker discovery through in vitro directed evolution of
consensus recognition epitopes.. Proceedings of the National Academy of Sciences 2013, 110,
19330-5, 10.1073/pnas.1314792110.

Scott, A.M.; Wolchok, J.D.; Old, L.J.; Antibody therapy of cancer. Nat. Rev. Cancer 2012, 12, 278.

Stramer, S.L.; Glynn, S.A.; Kleinman, S.H.; Strong, D.M.; Caglioti, S.; Wright, D.J.; Dodd, R.Y.;
Busch, M.P.; Detection of HIV-1 and HCV Infections among Antibody-Negative Blood Donors by
Nucleic Acid—Amplification Testing. N. Engl. J. Med. 2004, 351, 760—-768, 10.1056/NEJM0a04008
5.

Shana O. Kelley; Chad A. Mirkin; David R. Walt; Rustem F. Ismagilov; Mehmet Toner; Edward H.
Sargent; Advancing the speed, sensitivity and accuracy of biomolecular detection using multi-
length-scale engineering. Nature Nanotechnology 2014, 9, 969-980, 10.1038/nnano.2014.261.

Seung Min Yoo; Sang Yup Lee; Press Enter Key For Correspondence Information; Optical
Biosensors for the Detection of Pathogenic Microorganisms. Trends in Biotechnology 2016, 34, 7-
25, 10.1016/j.tibtech.2015.09.012.

Yifan Dai; Chung Chiun Liu; Recent Advances on Electrochemical Biosensing Strategies toward
Universal Point-of-Care Systems. Angewandte Chemie 2019, 131, 12483-12496, 10.1002/ange.2
01901879.

https://encyclopedia.pub/entry/220 16/22



Electrochemical Detection for Antibody Detection | Encyclopedia.pub

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Madhukar Varshney; Yanbin Li; Interdigitated array microelectrodes based impedance biosensors
for detection of bacterial cells. Biosensors and Bioelectronics 2009, 24, 2951-2960, 10.1016/j.bio
s.2008.10.001.

Ariel L. Furst; Sarah H. Klass; Matthew B. Francis; DNA Hybridization to Control Cellular
Interactions. Trends in Biochemical Sciences 2019, 44, 342-350, 10.1016/].tibs.2018.10.002.

Flavio Dolores Martinez-Mancera; Patricia Garcia-Lopez; Jose Luis Hernandez-Lopez; Pre-
clinical validation study of a miniaturized electrochemical immunoassay based on square wave
voltammetry for early detection of carcinoembryonic antigen in human serum. Clinica Chimica
Acta 2015, 444, 199-205, 10.1016/j.cca.2015.02.017.

W. Bellagha-Chenchah; C. Sella; Feliciana Real Fernandez; E. Peroni; F. Lolli; Christian Amatore;
L. Thouin; Anna Maria Papini; Interactions between Human Antibodies and Synthetic
Conformational Peptide Epitopes: Innovative Approach for Electrochemical Detection of
Biomarkers of Multiple Sclerosis at Platinum Electrodes. Electrochimica Acta 2015, 176, 1239-
1247, 10.1016/j.electacta.2015.07.158.

Yong Xie; Zhan Wang; Yongjie Zhan; Peng Zhang; Ruixue Wu; Teng Jiang; Shiwei Wu; Hong
Wang; Ying Zhao; Tang Nan; Xiaohua Ma; Controllable growth of monolayer MoS2by chemical
vapor deposition via close MoO2precursor for electrical and optical applications. Nanotechnology
2017, 28, 084001, 10.1088/1361-6528/aa5439.

Zhan Wang; Yong Xie; Haolin Wang; Ruixue Wu; Tang Nan; Yongjie Zhan; Jing Sun; Teng Jiang;
Ying Zhao; Yimin Lei; Mei Yang; Weidong Wang; Qing Zhu; Xiaohua Ma; Yue Hao; NaCl-assisted
one-step growth of MoS2-WS2in-plane heterostructures. Nanotechnology 2017, 28, 325602, 10.1
088/1361-6528/aa6f01.

Meixiu Li; Tao Chen; John Justin Gooding; Jingquan Liu; Review of Carbon and Graphene
Quantum Dots for Sensing.. ACS Sensors 2019, 4, 1732-1748, 10.1021/acssensors.9b00514.

Yifan Dai; Jianzhi Huang; Huichun Zhang; Chung Chiun Liu; Highly sensitive electrochemical
analysis of tunnel structured MnO2 nanoparticle-based sensors on the oxidation of nitrite.
Sensors and Actuators B: Chemical 2019, 281, 746-750, 10.1016/j.snb.2018.11.014.

Yongkun Sui; Yifan Dai; Chung Chiun Liu; R. Mohan Sankaran; Christian A. Zorman; A New Class
of Low-Temperature Plasma-Activated, Inorganic Salt-Based Particle-Free Inks for Inkjet Printing
Metals. Advanced Materials Technologies 2019, 4, , 10.1002/admt.201900119.

Paloma Yafnez-Sedefio; Susana Campuzano; Jose M Pingarron; Pushing the limits of
electrochemistry toward challenging applications in clinical diagnosis, prognosis, and therapeutic
action. Chemical Communications 2019, 55, 2563-2592, 10.1039/c8cc08815b.

Susana Campuzano; Paloma Yafiez-Sedefio; José Manuel Pingarron; Reagentless and reusable
electrochemical affinity biosensors for near real-time and/or continuous operation. Advances and

https://encyclopedia.pub/entry/220 17/22



Electrochemical Detection for Antibody Detection | Encyclopedia.pub

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

prospects. Current Opinion in Electrochemistry 2019, 16, 35-41, 10.1016/j.coelec.2019.03.006.

Arica A. Lubin; Kevin W. Plaxco; Folding-Based Electrochemical Biosensors: The Case for
Responsive Nucleic Acid Architectures. Accounts of Chemical Research 2010, 43, 496-505, 10.10
21/ar900165x.

Victor Ruiz-Valdepefias Montiel; Juliane R. Sempionatto; Berta Esteban-Fernandez De Avila;
Amelia Whitworth; Susana Campuzano; José M. Pingarron; Joseph Wang; Delayed Sensor
Activation Based on Transient Coatings: Biofouling Protection in Complex Biofluids. Journal of the
American Chemical Society 2018, 140, 14050-14053, 10.1021/jacs.8b08894.

Alexis Vallée-Bélisle; Francesco Ricci; Takanori Uzawa; Fan Xia; Kevin W. Plaxco;
Bioelectrochemical Switches for the Quantitative Detection of Antibodies Directly in Whole Blood.
Journal of the American Chemical Society 2012, 134, 15197-15200, 10.1021/ja305720w.

Wei Wei; Linqun Zhang; Qiangwei Ni; Yuepu Pu; Lihong Yin; Songqin Liu; Fabricating a reversible
and regenerable electrochemical biosensor for quantitative detection of antibody by using “triplex-
stem” DNA molecular switch. Analytica Chimica Acta 2014, 845, 38—-44, 10.1016/j.aca.2014.07.01
5.

Gustavo Cabral-Miranda; Ana R. Cardoso; Luis Cs. Ferreira; M.Goreti F. Sales; Martin F.
Bachmann; Biosensor-based selective detection of Zika virus specific antibodies in infected
individuals.. Biosensors and Bioelectronics 2018, 113, 101-107, 10.1016/j.bios.2018.04.058.

Ana Rita Cardoso; Gustavo Cabral-Miranda; Arturo Reyes-Sandoval; Martin F. Bachmann; M.
Goreti F. Sales; Detecting circulating antibodies by controlled surface modification with specific
target proteins: Application to malaria. Biosensors and Bioelectronics 2017, 91, 833-841, 10.1016/
J.bi0s.2017.01.031.

Yifan Dai; Chunlai Wang; Liang-Yuan Chiu; Kevin Abbasi; Blanton S. Tolbert; Genevieve Sauve;
Yun Yen; Chung-Chiun Liu; Application of bioconjugation chemistry on biosensor fabrication for
detection of TAR-DNA binding protein 43. Biosensors and Bioelectronics 2018, 117, 60-67, 10.10
16/j.bios.2018.05.060.

M. Elizabeth Welch; Nicole L. Ritzert; Hongjun Chen; Norah L. Smith; Michele E. Tague; Youyong
Xu; Barbara A. Baird; Héctor D. Abrufia; Christopher K. Ober; Generalized Platform for Antibody
Detection using the Antibody Catalyzed Water Oxidation Pathway. Journal of the American
Chemical Society 2014, 136, 1879-1883, 10.1021/ja409598c.

Joseph Wang; Electrochemical biosensors: Towards point-of-care cancer diagnostics. Biosensors
and Bioelectronics 2006, 21, 1887-1892, 10.1016/j.bi0s.2005.10.027.

Victor Ruiz-Valdepefas Montiel; Eloy Povedano; Eva Vargas; Rebeca M. Torrente-Rodriguez;
Maria Pedrero; A. Julio Reviejo; Susana Campuzano; José M. Pingarrén; Comparison of Different
Strategies for the Development of Highly Sensitive Electrochemical Nucleic Acid Biosensors

https://encyclopedia.pub/entry/220 18/22



Electrochemical Detection for Antibody Detection | Encyclopedia.pub

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Using Neither Nanomaterials nor Nucleic Acid Amplification. ACS Sensors 2018, 3, 211-221, 10.1
021/acssensors.7b00869.

Yifan Dai; Liang-Yuan Chiu; Yinuo Chen; Shiyi Qin; Xiaowei Wu; Chung-Chiun Liu; Neutral
Charged Immunosensor Platform for Protein-based Biomarker Analysis with Enhanced Sensitivity.
ACS Sensors 2018, 4, 161-169, 10.1021/acssensors.8b01126.

Dai, Y.; Molazemhosseini, A.; Liu, C. A single-use, in vitro biosensor for the detection of T-tau
protein, a biomarker of neuro-degenerative disorders, in PBS and human serum using differential
pulse voltammetry (DPV). Biosensors 2017, 7, 10.

Daniel Martin-Yerga; Maria Begofia Gonzalez-Garcia; Agustin Costa-Garcia; Electrochemical
immunosensor for anti-tissue transglutaminase antibodies based on the in situ detection of
guantum dots. Talanta 2014, 130, 598-602, 10.1016/j.talanta.2014.07.010.

Philippe Dauphin-Ducharme; Kevin W. Plaxco; Maximizing the Signal Gain of Electrochemical-
DNA Sensors. Analytical Chemistry 2016, 88, 11654-11662, 10.1021/acs.analchem.6b03227.

Hui Li; Philippe Dauphin-Ducharme; Gabriel Ortega; Kevin W. Plaxco; Calibration-Free
Electrochemical Biosensors Supporting Accurate Molecular Measurements Directly in Undiluted
Whole Blood. Journal of the American Chemical Society 2017, 139, 11207-11213, 10.1021/jacs.7
b05412.

Netzahualcoyotl Arroyo-Curras; Karen Scida; Kyle L. Ploense; Tod E. Kippin; Kevin W. Plaxco;
High Surface Area Electrodes Generated via Electrochemical Roughening Improve the Signaling
of Electrochemical Aptamer-Based Biosensors. Analytical Chemistry 2017, 89, 12185-12191, 10.1
021/acs.analchem.7b02830.

Netzahualcoyotl Arroyo-Curras; Philippe Dauphin-Ducharme; Gabriel Ortega; Kyle L. Ploense;
Tod E. Kippin; Kevin W. Plaxco; Subsecond-Resolved Molecular Measurements in the Living
Body Using Chronoamperometrically Interrogated Aptamer-Based Sensors. ACS Sensors 2017,
3, 360-366, 10.1021/acssensors.7b00787.

Yifan Dai; Kevin Abbasi; Smarajit Bandyopadhyay; Chung Chiun Liu; Dynamic Control of Peptide
Strand Displacement Reaction Using Functional Biomolecular Domain for Biosensing.. ACS
Sensors 2019, 4, 1980-1985, 10.1021/acssensors.9b00831.

Jeferson L. Gogola; Gustavo Martins; Fabio R. Caetano; Taissa Ricciardi-Jorge; Claudia N.
Duarte Dos Santos; Luiz H. Marcolino-Junior; Marcio F. Bergamini; Label-free electrochemical
immunosensor for quick detection of anti-hantavirus antibody. Journal of Electroanalytical
Chemistry 2019, 842, 140-145, 10.1016/}.jelechem.2019.04.066.

Tatsuro Goda; Miyuki Tabata; Mai Sanjoh; Mai Uchimura; Yasuhiko lwasaki; Yuji Miyahara;
Thiolated 2-methacryloyloxyethyl phosphorylcholine for an antifouling biosensor platform.
Chemical Communications 2013, 49, 8683-8685, 10.1039/c3cc44357d.

https://encyclopedia.pub/entry/220 19/22



Electrochemical Detection for Antibody Detection | Encyclopedia.pub

46.

47.

48.

49.

50.

51.

52.

53.

54.

Qiao Xu; Ho Cheng; Joshua Lehr; Amol V. Patil; Jason J. Davis; Graphene Oxide Interfaces in
Serum Based Autoantibody Quantification. Analytical Chemistry 2014, 87, 346-350, 10.1021/ac50
3890e.

Gayan Premaratne; Jinesh Niroula; Manoj Kumar Patel; Wei Zhong; Steven L. Suib; A. Kaan
Kalkan; Sadagopan Krishnan; Electrochemical and Surface-Plasmon Correlation of a Serum-
Autoantibody Immunoassay with Binding Insights: Graphenyl Surface versus Mercapto-Monolayer
Surface. Analytical Chemistry 2018, 90, 12456-12463, 10.1021/acs.analchem.8b01565.

Shuli Lv; Jinliang Sheng; Shiyi Zhao; Mingchao Liu; Lihua Chen; The detection of brucellosis
antibody in whole serum based on the low-fouling electrochemical immunosensor fabricated with
magnetic Fe304@Au@PEG@HA nanopatrticles. Biosensors and Bioelectronics 2018, 117, 138-
144, 10.1016/j.bios.2018.06.010.

Eloy Povedano; Alejandro Valverde; Victor Ruiz-Valdepefias Montiel, Maria Pedrero; Paloma
Yanez-Sedefio; Rodrigo Barderas; Pablo San Segundo-Acosta; Alberto Peldez-Garcia; Marta
Mendiola; David Hardisson; et al.Susana CampuzanoJosé Manuel Pingarrén Rapid
Electrochemical Assessment of Tumor Suppressor Gene Methylations in Raw Human Serum and
Tumor Cells and Tissues Using Immunomagnetic Beads and Selective DNA Hybridization.
Angewandte Chemie 2018, 130, 8326-8330, 10.1002/ange.201804339.

Sahar Sadat Mahshid; Sara Mahshid; Alexis Vallée-Bélisle; Shana O. Kelley; Peptide-Mediated
Electrochemical Steric Hindrance Assay for One-Step Detection of HIV Antibodies. Analytical
Chemistry 2019, 91, 4943-4947, 10.1021/acs.analchem.9b00648.

Isis C. Prado; André L.A. Souza; David W. Provance-Jr; Ricardo J. Cassella; Salvatore G. De-
Simone; Ultrasensitive and rapid immuno-detection of human IgE anti-therapeutic horse sera
using an electrochemical immunosensor. Analytical Biochemistry 2017, 538, 13-19, 10.1016/j.ab.
2017.09.008.

Hadayat Ullah Khan; Junhyuk Jang; Jang-Joo Kim; Wolfgang Knoll; In Situ Antibody Detection
and Charge Discrimination Using Aqueous Stable Pentacene Transistor Biosensors. Journal of
the American Chemical Society 2011, 133, 2170-2176, 10.1021/ja107088m.

Yifan Dai; Liang-Yuan Chiu; Yongkun Sui; Quanbin Dai; Srinivasa Penumutchu; Niyati Jain;
Liming Dai; Christian A. Zorman; Blanton S. Tolbert; R. Mohan Sankaran; et al.Chung Chiun Liu
Nanoparticle based simple electrochemical biosensor platform for profiling of protein-nucleic acid
interactions. Talanta 2019, 195, 46-54, 10.1016/j.talanta.2018.11.021.

Eliah Aronoff-Spencer; A.G. Venkatesh; Alex Sun; Howard Brickner; David Looney; Drew A. Hall;
Detection of Hepatitis C core antibody by dual-affinity yeast chimera and smartphone-based
electrochemical sensing. Biosensors and Bioelectronics 2016, 86, 690-696, 10.1016/.bi0s.2016.0
7.023.

https://encyclopedia.pub/entry/220 20/22



Electrochemical Detection for Antibody Detection | Encyclopedia.pub

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Ruchita Shandilya; Arpit Bhargava; Neha Bunkar; Rajnarayan Tiwari; Irina Yu Goryacheva,
Pradyumna Kumar Mishra; Nanobiosensors: Point-of-care approaches for cancer diagnostics.
Biosensors and Bioelectronics 2019, 130, 147-165, 10.1016/j.bios.2019.01.034.

Guosong Hong; Shuo Diao; Alexander L. Antaris; Hongjie Dai; Carbon Nanomaterials for
Biological Imaging and Nanomedicinal Therapy. Chemical Reviews 2015, 115, 10816-10906, 10.1
021/acs.chemrev.5b00008.

Guosong Hong; Joshua T. Robinson; Yejun Zhang; Shuo Diao; Alexander L. Antaris; Qiangbin
Wang; Hongjie Dai; In Vivo Fluorescence Imaging with Ag2S Quantum Dots in the Second Near-
Infrared Region. Angewandte Chemie International Edition 2012, 51, 9818-9821, 10.1002/anie.20
1206059.

Joshua T. Robinson; Guosong Hong; Yongye Liang; Bo Zhang; Omar K. Yaghi; Hongjie Daij; In
Vivo Fluorescence Imaging in the Second Near-Infrared Window with Long Circulating Carbon
Nanotubes Capable of Ultrahigh Tumor Uptake. Journal of the American Chemical Society 2012,
134, 10664-10669, 10.1021/ja303737a.

Anton Wutz; Bourdeau Rw; Lee-Gosselin A; Lakshmanan A; Farhadi A; Kumar Sr; Nety Sp;
Shapiro Mg; Faculty of 1000 evaluation for Acoustic reporter genes for noninvasive imaging of
microorganisms in mammalian hosts.. F1000 - Post-publication peer review of the biomedical
literature 2018, 553, , 10.3410/f.732394888.793542520.

Alessandro Porchetta; Rudy Ippodrino; Bruna Marini; Arnaldo Caruso; Francesca Caccuri;
Francesco Ricci; Programmable Nucleic Acid Nanoswitches for the Rapid, Single-Step Detection
of Antibodies in Bodily Fluids. Journal of the American Chemical Society 2018, 140, 947-953, 10.1
021/jacs.7b09347.

Simona Ranallo; Marianna Rossetti; Kevin W. Plaxco; Francesco Ricci; Alexis Vallée-Bélisle; A
Modular, DNA-Based Beacon for Single-Step Fluorescence Detection of Antibodies and Other
Proteins. Angewandte Chemie 2015, 127, 13412-13416, 10.1002/ange.201505179.

Liangliang Liu; Leonel Marques; Ricardo Correia; Stephen P. Morgan; Seung-Woo Lee; Paddy
Tighe; Lucy Fairclough; Serhiy Korposh; Highly sensitive label-free antibody detection using a
long period fibre grating sensor. Sensors and Actuators B: Chemical 2018, 271, 24-32, 10.1016/j.
snb.2018.05.109.

Mostafa Kamal Masud; Sharda Yadav; Nazmul Islam; Nam-Trung Nguyen; Carlos Salomon;
Richard Kline; Hatem R. Alamri; Zeid A. Alothman; Yusuke Yamauchi; Shahriar A. Hossain; et
al.Muhammad J. A. Shiddiky Gold-Loaded Nanoporous Ferric Oxide Nanocubes with Peroxidase-
Mimicking Activity for Electrocatalytic and Colorimetric Detection of Autoantibody. Analytical
Chemistry 2017, 89, 11005-11013, 10.1021/acs.analchem.7b02880.

Keisuke Tenda; Benice Van Gerven; Remco Arts; Yuki Hiruta; Maarten Merkx; Daniel Citterio;
Paper-Based Antibody Detection Devices Using Bioluminescent BRET-Switching Sensor

https://encyclopedia.pub/entry/220 21/22



Electrochemical Detection for Antibody Detection | Encyclopedia.pub

Proteins. Angewandte Chemie International Edition 2018, 57, 15369-15373, 10.1002/anie.201808
070.

65. Yan Mei Lei; Jia Zhou; Ya-Qin Chai; Ying Zhuo; Ruo Yuan; SnS2 Quantum Dots as New Emitters
with Strong Electrochemiluminescence for Ultrasensitive Antibody Detection. Analytical Chemistry

2018, 90, 12270-12277, 10.1021/acs.analchem.8b03623.

Retrieved from https://encyclopedia.pub/entry/history/show/6678

https://encyclopedia.pub/entry/220 22/22



