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ABSTRACT

In this study, a fully functional electrochemical workstation for the sensitive
immunosensing of clinical disease markers has been established. The functionality and
performance of the flow-based capacitive electrochemical assay was evaluated via the
sensitive detection of YKL-40, a protein that recently has been claimed to be a cancer and
inflammation disease marker. Electrochemical YKL-40 immunosensors have been prepared
by immobilizing the antibody for YKL-40 onto the surface of disk-shaped gold electrodes.
Calibration plots for the prepared immunosensors have been measured markers by means
of capacitive current recordings and the detection limits evaluated. Both the detection limit
and linear range of the approach for the YKL-40 biomarker protein were comparable to
values reported previously for the quantification of other protein disease with the same
technique. The detection limit of the established electrochemical detection is about 10
times more sensitive than the one listed for the commercialized YKL-40 ELISA kit, which may
help to get an earlier detection of the cancer disease state of patient, if the technology is
further optimized for an implementation in instrumentation that is suitable for

commercialization and easy use in clinical laboratory settings.
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1.1.

uni 1

UNUN

audfuasinnvesaminisise (Rationale/Motivation)

Human disease diagnosis [1] through the identification and quantification of specific
biomarker molecules in, for instance, blood, serum or urine samples is an
important clinical health issue as it provides the obligatory information for the
doctor’s judements on the medical treatment needed of patient’s problems.
Among the modern strategies to diagnose diseases such as hepatitis, cancer,
cardiovascular problems, viral infections or body inflammations of various sorts are
immunochemical assays that use antibodies (Ab’s) and antigens (Ag’s) associated
with the pathogenic status for an effective detection of the manifestation of the
disease in a patient. Utilized for the measurement is the very specific Ab-Ag
conjugate formation, which becomes well measurable when the antibody is
immobilized on the surface of a physicochemical transducer device (e.g. an
electrode, photon-detector, quartz-crystal microbalance or thermistor) and the
binding event is transformed by the sensor into a proportional electrical signal.
Currently the enzyme-linked immunosorbent assay (ELISA) [2, 3] with a
chemiluminescence-based quantification is the main analytical approach that takes
advantage of antibody/antigen-based disease marker detection in clinical samples.
A shortcoming of existing ELISA assays with optical signal generation and readout is,
however, their relatively poor sensitivity and the associated inability to offer early
disease identification. An as early as possible disease recognition is on the other
hand beneficial for facilitating a timely initiation of medication close to the onset
of syndromes. In the case of delayed treatment viruses, for instance, may spread
uncontrolled or cancer cells grow untreated longer than actually necessary and
good for the patient. Methodologies with a better sensitivity and lower detection
limits than offered by ELISA are therefore sought after and antibody/antigen-based
electrochemical biosensing became thus an interesting theme of current research
activity in the area of analytical and clinical sciences.

Because of their superb sensitivity of electroanalytical measuring schemes,
electrochemical immunosensors [4, 5] got into the focus as a promising option to
the conventional optical ELISA assays. It is commonly accepted that
electrochemical immunosensing has in general a good potential to be used as an

alternative point-of-care diagnostic tool in hospital laboratory units. The
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methodology not only offers without prior fluorescent labeling a high sensitivity
and reliability but also is associated with an instrumentation that is simple, non-
bulky and comparably cheap and easy to set up and use. In 1997 the acquisition of
changes in the interfacial electrode/electrolyte capacitance that occur in response
to an interaction between immobilized Ab and dissolved Ag was reported as a
sensitive electrochemical transduction scheme for immunosensors and low-level
disease marker detection [6]. In the pioneering work the method was applied for
the detection of human chorionic gonadotropin hormone but later the procedure
got further optimized and tailored for the analysis of a variety of other clinically
relevant antigens. Examples of successfully approached analytes include the
endotoxin [7], carcinoembryonic antigen [8], HIV-1 p24 antigen [9], and the
staphylococcal enterotoxin B [10]. The published success cases demonstrated
well that capacitive immunosensing is simple and cheap in terms of
instrumentation, relatively easy to establish for new applicants and, most
importantly, capable of the detection of extreme low levels of antigens in sample
fluids. The cholera toxin, for instance, has been measured with capacitive
immunosensing at a sub-attomolar concentration [11], which is more very much
below the level that is quantifiable via ELISA-based screening. At the time of the
creation of this project there were still a few important disease markers that had
not yet been tested for an ultra low-level detection with the attractive capacitive
immunosensing, even though the performance of the scheme is ideal suited for
attempts to improve their analysis, and hepatitis virus antigens [12] and YKL-40
[13, 14], a 40-kDa secreted glycoprotein and potential indicator molecule for
cardiovascular = disease [13], cancer [14] and osteoarthritis [15] are just
representative cases. The development of a technically simple device for a
capacitance-based reliable and sensitive electrochemical hepatitis and YKL-40
immunosensing thus made a certain sense and became therefore a target of joint
biochemical, immunological and analytical efforts for establishment in the

applicants SUT analytical laboratory setting.



1.2. IngUszasAvadlasaniside (Objectives)
1. Establishment of a device for the sensitive electrochemical immunodetection of
human disease markers.
2. Establishment of the tracing of the immunosensors electrical capacitance via a
potential step technique as basis for antigen quantification.
3. Performance test and system evaluation; proof of the functionality of the

methodology for selected disease markers such as the hepatitis antigen and others.

1.3. ¥BUIAYBINITIVY (Framework)

The project is set in an area at the borderline between medical and analytical
sciences. With an efficient disease detection and optimal patient treatment worldwide
claimed to be a central target of the efforts of governmenta health schemes,
advancements of the methods available for clinical laboratory analysis became an
important issue and the quest for sensing strategies with optimal sensitivity, selectivity,
detection limits and linear range is accordingly the subject of an intense global research
activity. Electrochemical immunosensors, these are electrodes with surface-immobilized
antibody entities that provide highly sensitive detection capability for the corresponding
antigens, are a competitive alternative to optical (spectroscopic) assays for disease marker
screening. Various types of electrochemical immunosensors have been proposed including
the ones that use amperometry, potentiometry, electrochemical impedance spectroscopy
or potential step-supported electrode capacitance assessments for disease marker
analysis. However, though the methods have been demonstrated as successful selected
antibody/antigen systems they have not yet been optimized for the recognition and
quantification for the complete reservoir of relevant disease markers. There is thus still a
lot of adaptation work left to be done and this project defined the establishment of an
electrochemical immunosensing device and its adaptation to disease marker screening as

its task.

1.4. Uszlowuilasuainniside (Expected output/results)
Uszlpriiinaitazlasuananuideilll 4 Ussnisnanme
1. One publication in a peer-reviewed international journal with a good impact

factor



2. Generation of local human resources (graduate students, Research
assistants) with skills in electrochemical human disease marker detection
3. Setting up the foundation for the establishment of an alternative analytical

scheme for clinical laboratories around the countries

mhorufiiinanuideluldusslovd
1. Public and private hospitals and their medical laboratories
2. The drug and laboratory equipment industry

3. National and international academic research institutions

uni 2
5ALlUN15398 (Methodology)
The measurement of disease markers (antigens) in this study uses the analysis of the
current response of antibody-modified gold working electrodes towards the application of

50 mV high and 6 ms long voltage pulses (see Figure 1).
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Figure 1: The principle of capacitive immunosensing with antibody-modified gold

disc electrodes.
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Current recordings were carried out in a specially established flow stream of running
buffer with a Gilson peristaltic pump in use for generating the flow-stream and an Edaq
potentiostat (the “EA163”) in three-electrode configuration in charge of the potential

application and current measurements. Used were:

1. A gold working electrode

Prior to measurements, the surface of the 3 mm-disc gold working electrode was
covalently modified with antibody molecules that can bind later in the measurements to
the corresponding antigen, which is a protein-based disease marker. Self-assembling
monolayers made of thiols with remaining chemically reactive groups were used to attach

the antibodies to the gold interface.

2. A silver/silver chloride reference electrode

3. A steel counter electrode

Used as counter electrode was the thin steel tubing that guided the running buffer out of

the electrochemical flow cell.

a4 Running buffer

Used was, if not otherwise mentioned, a 10 mM phosphate running buffer (pH 7) that was
pumped with the aid of the peristaltic pump at a flow rate of, for instance, 100 pl/min
through the electrochemical cell; injected samples volumes were 200 pl and the acidic
regeneration buffer used to break antibody-antigen bonds and re-establish the state of a

fresh sensor surface was a 25 mM HCL (pH 2.5).

5. The antibody/antigen system

The commercial hepatitis antibody/antigen couple turned out to be too expensive to be
suitable as proposed for the required measurements for method establishment and
validation. The target and main delivery of the project, a sensitive analytical scheme for
the immunosensing of human disease markers, was thus adapted with the home-made
YKL-40 antibody/antigen system, available at sufficiently large quantities from other
projects in the Research Unit, used as a affordable hepatitis antibody/antigen replacement

for sensing tests and performance trials.
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Nan1NAaBILazdaldasal (Results and Discussion)

Main target of the work was the development of an electrochemical immunosensor
system that is capable of the sensitive detection of biological marker molecules for critical
human diseases. Hepatitis B/C immunosensing was thought of as model application,
however, the use of the device for the recognition of other diseases was considered, too.
The initial steps focused on establishment of the suitable electrochemical workstation
with which the capacitive (and, if desired, amperometric) measuring schemes could be
executed. Purchased were a potentiostat with the electrochemical software for all
conventional electroanalytical methods, an electrochemical flow-cell with a 3 mm gold
disk working electrode, a peristaltic pump and a three-way injection valve for sample
delivery to the flow line feeding the flow cell. The assembly of the individual components
followed instructions available in the literature and a functional setup has been
completed in course of the project work. Figure 2 is an illustration of the system was

constructed available for the tasks of disease marker immunosensing in the project work.

WE: gold disc electrode with fixed antibody

RE: Ag/AgCl wire N . .
CE: stainless steel tube of the flow syssem [— Schematic of the workstation for
ETT] electrochemicalimmunosensing as

soeniosarJ—jsoronmarice e comam || escribed by Limbut et al,
1 l
.

peristaltic
pump

RE
> T R e
WE Flow-through

Injection cell
buffer device

reservoir

W. Limbut, P.

B. i P P.Ti
Biosensors and Bioelectronics 22 (2006) 233-240

N

Photograph of the setup
available for capacitive and
amperometric disease marker
screening at SUT.

Figure 2: The workstation that was constructed within the immunosensor project in the

Biochemistry —Electrochemistry Research Unit at Chalermprakiat (F9) building.




First voltammetric test measurements with the new device revealed severe problems
related to unacceptably high electrical apparatus noise that apparently was introduced
into the system through a poor building grounding. To be able to resolve nano- or even
picoampere electrode currents and nano-Farad electrode capacitance changes,
disconnection of the whole setup from the building was necessary and gained by an own
direct earth grounding. Figure 3 is displaying a representative set of cyclic voltammograms
(electrode current vs. electrode potential curves) that were obtained in a 0.1 M KCl-based
electrolyte with ruthenium hexamine chloride as reducible redox species at
concentrations between 1 mM and 15.125 uM and an about 7-um-diameter carbon fiber
disc microelectrode. The measured limiting currents (equal to the “height” of the S-
shaped traces!) were about 1.6 nA and 0.8 nA for 1 and 0.5 mM concentrations of
dissolved Ru3+, respectively. When, on the other hand, the level of the redox active ion
approached rather low 30 and 15 pM, the observed limiting currents were found to be

only a few tenth of pA (see inset Figure 3).
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Figure 3: Cyclic voltammograms of ruthenium (III)_in 0.1 M KCI measured with an
about 7-um-diameter carbon fiber disc microelectrode. The concentrations of the redox-

active ion are indicated as numbers below or above individual I/E traces.




The ability of the electrochemical workstation to resolve nicely pA-scaled voltammograms
was also well confirmed by recordings of well-looking differential pulse voltammograms in
0.25 mM solutions of Ru3+ (see Figure 4). The appearance of the cyclic and the differential
pulse voltammogram with good pA current resolution clearly proved the established well
satisfactory noise properties of the designated immunosensor setup and the possible high

quality of the electrochemical current recordings.
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Figure 4: pA-level differential pulse voltammogram of 0.25 mM
ruthenium (III)_in 0.1 M KC1 measured with an about 7-um-diameter
carbon fiber disc microelectrode.

To test the performance of the flow system with the peristaltic pump, injection valve and
flow-through electrochemical cell, buffer solution was pumped through the tubings while
subjecting the gold disc electrode to 1 s long pulses from +400 to 0 mV vs. Ag/AgCL. 400
mV is a potential where ferricyanide (IFe(CN)6]”) is stable, while 0 mV is a potential
cathodic enough to reduce ferricyanide to ferrocyanide ([Fe(CN)é]ll’). As long as pure buffer
solution is passing through the flow cell, the response to the short potential steps is a
sharp spike representing the charging current for the electrical double layer which then

decays exponentially towards zero. Injection of ferricyanide will change the situation.
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Figure 5: Test of the commercial three-electrode flow cell as shown to the bottom. An
injection of 200 pL of 1 mM reducible ferricyanide ions into the tubing triggered the
transport of the redox species through the tubing to the gold disk electrode of the flow
cell by the action of the peristaltic pump at a flow rate 370 pL/min. Arrival and full
passage of the Fe (III) species became visible via the appearance and disappearance of
a cathodic current (a downward deflection in the current vs. time trace. Shown to the
top left and, at higher time resolution, top right are the applied potential steps bringing
the gold electrode from resting (+0.4 V vs. ref.) to reducing (0 V vs. ref.) state. The

matching current traces are shown in the bottom two graphs.
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Injection of ferricyanide will change the situation. Again there is the spike for the charging
current but the current does not return to zero but to a certain level that depends on the
concentration of the reducible ferricyanide ions in the vicinity of the electrode surface.
Figure 5 shows the outcome of such an experiment. Injection of 200 pL ferricyanide took
place at around 25 s after the recording was started. As expected the injection of the iron
species increased markedly the current through the flow cell, which then reached a peak
and later returned to baseline level. Apparently the flow system and sample injection

were well functional and the setup ready for an immunosensing trial.

Gold disc electrodes for the flow cell were modified with antibody as explained in
literature in order to tailor them for capacitive electrochemical immunosensing
experiments. An electrode cleaning via repetitive potential scans in sulfuric acid-based
electrolyte was followed by an exposure to (1) thiourea, (2) glutaraldehyde as crosslinking
agent for chemical antibody bonding, (3) antibody solution and (4) dodecanethiol as small
thiol covering any gold surface that still was uncovered. Figure 6 shows a set of cyclic
voltammograms that were measured at the end of the different steps for gold electrode
modification. As expected and in good agreement with literature, the anodic and cathodic
peak currents in the voltammograms were highest for the bare gold electrode and

decreased in amplitude with the applied surface coating getting in place.

In fact, after the dodecanethiol placement the sensor was ready for antigen screening,
which then has been attempted. As mentioned earlier, commercial antigen and antibody
preparations are usually highly priced and the need for enough protein for a large set of
test trials for the  establishment and optimization of a novel electrochemical
immunosensing platform was a heavy economic burden on the limited project budget.
Proposed was originally to work with Hepatitis B and C antibodies and antigens. However,
for the reason of budget limitation the initial plan was changed and all experiments for
system establishment and optimization performed with the self-made protein YKL-40, a
human chitinase like protein and only recently identified cancer and tissue inflammation
disease marker, and the corresponding antibody anti-YKL-40. Both biomolecules, the YKL-
40 antigen and antibody, were available in significant quantities through other
complementary projects and test trials with a capacitive immunosensing could be carried
out with YKL-antibody modified gold electrodes and the YKL protein as analyte without a

limitation in terms of access to relevant protein quantities.
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—— Clean Au Electrode
—— Self-assambled thiourea monolayer (SATUM)
60 - — Glutaraldehyde-SATUM
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Figure 6: Set of five cyclic voltammograms (CVs) as acquired at different stages of
the capacitive immunosensor preparation. (Black) CV for 5 mM ferricyande/0.1 M
KCI at 100 mV/s. Visible are the cathodic (down) and anodic (up) current peaks for the
reduction of ferricyanide to ferrocyanide and the oxidation of the ferrocyanide back to
ferricyanide. (Red) The placement of a self-assembling thiourea monolayer is blocking
the surface of the gold disk and smaller peak currents are the result. (Blue) A
glutaraldehyde activation of the thiourea for antibody chemical bonding does not
change the CV much. (Green) antibody immobilization of the (here self-made cheap
anti-YKL-40) further blocks electrode activity and suppresses the peak currents.
(Purple) Final electrode treatment with dodecanethiol is supposed to block remaining

active surface.

Figure 7 and 8 allow a comparison of the first electrode capacitance trace that was
measured in a beaker-type prototype measurement with the system built in this project
(Figure 8) and the YKL antibody/antigen couple and a representative trace from a literature
study (Figure 7). In either case, our own or the published trials from others, did the
injection of the antigen cause the gold electrode capacitance to decrease by a few nF.
The agreement of data of the opening YKL-40 immunosensing test with published

analogue studies confirmed the functionality of the electrode antibody modification and
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the correctness of  the overall immunosensor preparation. Measurements
then followed that were supposed to prove the reproducibility of the flow-based
capacitive detection of anti-YKL-40/YKL-40 interaction and validate the analytical
procedure. Important features to assess were the linear range, sensitivity and detection
limit for the approach, initially with the antibody/antigen couples relevant for the YKL-40
disease marker and later for the Hepatitis analogue. However, in course of the attempts
problems came up with the capacitive detection scheme in the commercial flow cell as
shown in Figure 5. Despite of a lot of variations of the experimental parameters (flow rate,
composition and strength of the flow buffer, concentration and type of regeneration buffer
etc.), the capacitance change caused by antibody injection was not stably appearing and
reproducible in magnitude. Also an injection of an acidic buffer solution in the the flow
stream could not - as usual and required - regenerate the sensor surface for repeated
measurements by breaking the antigen-antibody bond and reestablishing the unoccupied
state for the surface-immobilized antibody entities. Apparently, the geometry and design
of the electrolyte compartment of the flow cell — it was a kind of thin-layer arrangement -
was not compatible with the technical requirements of a capacitive detection of

antibody/antigen interactions in a flow-based approach.
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Figure 7: Time course diagram showing the decreases in capacitance after
injection of antigen (here: standard HIV-1 p24 antigen). Average capacitances,

C and C are used for the calculation of a capacitance change (AC).

baseline p24 injection

After sample injection, the sensor was regenerated via an exposure to 25 mM

glycine-HCI, pH 2.4. (from Teeparuksapun et al., Anal. Chem. 82 (2010) 8406).
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Figure 8: Capacitive immunosensing with YKL-40 antibody on a gold electrode
and the YKL-40 applied via sample injection. Injection of YKL-40 antigen is
followed by a drop in electrode capacitance due to affinity interaction. The
difference in the capacitance before (~185 nF) and after (~175 nF) antigen

injection is ~10 nF and compares well with responses in literature (see Figure 7).

Supported by input from collaborators from the Faculty of Science, Prince of Songkla
University Hatyai, Songkhla, Thailand, namely Associate Professor Dr. Panote Thavarungkul,
Associate Professor Dr. Proespichaya Kanatharana and Dr. Warakorn Limbut, the purchased
commercial flow cell with its gold electrode was modified to make the desired capacitive
disease marker detection possible and the novel construction adapted for successful

operation.

Reused from the components of the commercial flow cell in the novel design were
actually the polishable gold electrodes, which functioned as flow-cell bottom and the
Ag/AgCl/1 M KCl reference electrode. Custom-made from a transparent hard polymer was,
on the other hand, a new flow-cell top that had two drilled tubes of thinner diameter
from opposite sides for the entrance and departure of the buffer carrier solution and

another tube of adjusted diameter from the top to hold the reference electrode.
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Underneath the tip of the glass tube of the reference electrode was the small
reservoir kept free which was confining the volume of the measuring buffer in front of the
gold disc working electrode to a few hundred of pl’s. Shown in Figure 9, 10 and 11 are
photographs of the individual components of the newly constructed custom-made flow
cell for capacitive electrochemical immunosensing of human disease markers, an
illustration of how to assemble the device for operation and a photo of the fully
assembled cell plus a top-view photograph of the gold disc electrodes after polishing to

requisite cleanness, respectively.

Figure 9: Components of the newly constructed custom-made flow cell for

capacitive electrochemical immunosensing of human disease markers.
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Figure 10: Assembly of the newly constructed custom-made flow cell for

capacitive electrochemical immunosensing of human disease markers.

Figure 11: The fully assembled newly constructed custom-made flow cell for
capacitive electrochemical immunosensing of human disease markers. The inset
to the top-right displays a top-view to the 3 mm-diameter gold electrode that is
prior to the biomarker measurements surface-modified with immobilized
antibody for the target marker protein. A 10 Baht coin is shown to allow an

estimation of the actual size of the whole system.
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The new flow cell was subjected to calibration measurements for the quantification of
YKL-40 antigen and an adaptation of procedure parameters. Figure 12 is a schematic
representation of the whole system for capacitive immunosensing of disease markers
which is helpful to describe the analytical procedure employed for the detection of

antigen levels in calibration or sample solutions.
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Figure 12: A schematic representation of the established flow-based setup for

the electrochemical detection of disease markers in clinical samples.

In an optimized trial, the measuring buffer, actually 10 mM phosphate buffer solution at
pH 7, was pumped at a flow rate of 100 pl/s through the system’s channels. Continuously
throughout the flow load of the electrochemical cell small voltage pulses (height: 50 mV,
length: 6 ms) were applied to the gold working electrode and the current response to this
agitation was monitored at a frequency of 1/min as function of time. The raw data were
collections of | vs. t traces as displayed in Figure 13. An analysis of the linear log plot of
the first about half a millisecond of the original I/t curves (see inset Figure 13) allows
calculating the electrode capacitance, C, from the slope and y-axes intersection of the
graph. C levels are different for the electrode with unoccupied antibody entities and the
electrode with the antibody conjugated to its corresponding antigen and the magnitude of
AC scales with antigen concentration in injected calibration or sample solutions. As

expected, the injection of the same volume of the same solution of the YKL antigen lead
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to identical electrode capacitance changes AC (see Figure 14). And for different YKL-40

injections AC scaled in good agreement with the literature, linearly with the log of
concentration within the range 1 x 10" to1x 10" g /L (or 2.5 pM to 25 nM) (see Figure
15). Also in good accordance with reported values for other protein-based disease markers,
the detection limit for the presence of YKL-40 protein in a sample solution was found to

be about 10-07 ¢/L (or 2.5 pM).
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Figure 13: Typical current response of a gold disc working electrode to the
application of a 50-mV-high and 6-ms-long potential pulse in 10 mM phosphate
buffer at pH 6. The exponentially decaying curve is representative of the
capacitive current that is flowing through the electrochemical cell in order to
charge the electrodes Helmholtz double layer in accordance to the applied
voltage. The inset is a log plot of the current, however, only for the first about

half of a millisecond. From the slope and y-axes intersection of the linear plot

the electrode capacitance can be computed.
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Figure 14: Plot of the measured working electrode capacitance in 10 mM
phosphate buffer (pH 7) as a function of time. An injection of 200 pul of a
solution containing XX g/l YKL-40 protein was followed by an electrode
regeneration (= breaking of YKL-40 to anti YKL-40 conjugation and re-
establishment of the anti-YKL-40-modified sensor surface in full unoccupied
state) and an injection of 200 ul of a solution containing XX g/l YKL-40
protein. Regeneration brings the electrode capacitance back to the same baseline
level while exposure to equal injections of YKL-40 solutions caused
reproducibly identical capacitance changes (AC(1) = AC(1)). For different
YKL-40 injections AC scaled linearly with the log of concentration (see Figure

15).
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Figure 15: Calibration plot of the YKL-40 protein as obtained with flow
injection-based capacitive immunosensing with a anti-YKL-40-modified gold
disc electrode under the following conditions: flow rate 100pl/min; injected
volume: 200 pl; regeneration buffer: 25 mM HCL (pH 2.5); carrying buffer: 10

mM phosphate buffer (pH 7); capacitance detection pulse: 50 mV/6 ms.

Figure 16 on the next page is a schematic summary of the procedures to be
applied for the preparation of the gold electrode-based immunosensor for the YKL-40
marker protein including an overview of individual steps and a timeline of the procedure
from start (gold electrode polishing) till finish (immunosensor stabilization in a stream of
10 mM phosphate buffer, pH 7). The completion of the YKL-40 immunosensor including
priming/stabilization occupies about 3 days. If stabilization of the immunosensor is carried
out overnight, on the morning of Day 4 work can be started on the assessment of the
calibration curve. A first injection of a YKL-40 sample with known concentration sample is
carried out and the capacitive assay used to measure a first capacitance change value for
the raise to the particular YKL level. Regeneration with an acidic buffer breaks the
antibody/antigen bonds and “cleans” a used immunosensor from bound analyte. The
capacitance measurement and regeneration for a single YKL-40 concentration takes about

120 minutes. Usually, seven to ten data points are used to make up the calibration curve
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and each level is assessed three times to get an averaged values with an n equal to
3. This means that the acquisition of a complete calibration curve needs about 3-5 days (8

am - 11 pm).

Day 1 Start of immunosensor preparation

+ Goldelectrode polshung with alumina slurries
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Figure 16: Summary of the steps within the YKL-40 immunosensor preparation procedure with
an estimated timeline for individual measurements (top). Time-line for the acquisition of an

YKL-40 calibration curve (bottom).
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unil 4
unasy (Conclusion/Summary)

A fully functional electrochemical setup for the sensitive immunosensing of clinical
disease markers has been established through the work within the project. The
functionality and performance level of the flow-based capacitive electrochemical assay
was evaluated via the detection of YKL-40, a protein that recently has been claimed to be
a cancer and inflammation disease marker with potential to be used for clinical analysis.
Calibration plots and the detection limits have been determined for the YKL-40 case. The
detection limit and linear range of the approach for the YKL-40 biomarker protein was
comparable to what was reported previously for the quantification of other protein
disease markers by means of capacitive current recordings. Important to mention is that
the detection limit is about an order of magnitude lower than the one listed for the
commercialized YKL-40 ELISA kit, which probably could favor of an earlier detection of the
cancer disease state of patient with the electrochemical assay. The potential to be a
competitive analytical option for e.g. clinical laboratories, however, has to be proven in
further detailed studies through thorough statistical trials with model and real clinical
samples and the assessment of, for instance, recovery rates and accuracies of the

particular determinations.
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