
Received: 9 January 2026

Revised: 4 February 2026

Accepted: 7 February 2026

Published: 10 February 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Chemiluminescent Biosensor Utilizing Magnetic Particles for the
Detection of Ovarian Cancer Biomarker Lysophosphatidic Acid
Navina Lotay and Michael Thompson *

Department of Chemistry, University of Toronto, 80 St. George Street, Toronto, ON M5S 3H6, Canada;
navina.lotay@mail.utoronto.ca
* Correspondence: m.thompson@utoronto.ca

Abstract

Lysophosphatidic acid (LPA) is a cell-signaling lipid that has been proposed as an early-
stage biomarker for ovarian cancer (OC). Diagnosing OC in Stage I is critical to improving
patient outcomes, increasing the survival rate from 30% (when diagnosed in late stages
of the disease) to over 90%. This significant improvement is due to the success of early
interventions; however, current diagnostic methods are not as effective at early-stage
detection, with only 15% of cases diagnosed in Stage I and over 70% diagnosed in Stage III
or IV. There is a strong need for LPA detection that is sensitive, specific, rapid, low-cost, and
automated to truly validate its effectiveness as a diagnostic characteristic for OC. We report
the preliminary development and characterization of one such biosensor, which makes
use of the advantages of magnetic particles and chemiluminescence for quick, sensitive
detection of LPA. The sensor has proven to be viable, with a positive response to LPA
concentration, a measurement time of 5 s after incubation, and an LOD of 3.5 nM.

Keywords: ovarian cancer; chemiluminescence; lysophosphatidic acid; magnetic particle;
early detection; biomarker

1. Introduction
Globally, ovarian cancer (OC) is the eighth most common and eighth deadliest cancer

affecting biological women; every year, over 300,000 new cases are diagnosed and over
200,000 deaths are recorded [1–4]. The 5-year survival rate for patients diagnosed in the later
stages of the cancer is only 30%; however, this number soars to over 90% when diagnosis
occurs in Stage I due to the high success of early interventions [1,3,4]. Unfortunately,
early detection of OC is extremely difficult due to a lack of unique symptoms and the
ineffectiveness of current diagnostic methods at this stage. Over 70% of cases are diagnosed
in Stage III or IV, and only 15% in Stage I [5,6]. Research has turned towards various
biomarkers in the hopes of finding one that will allow for simplified early-stage diagnosis.
One of these biomarkers is lysophosphatidic acid (LPA).

LPA is a cell-signaling lipid that has been shown to be elevated in patients with OC. A
number of studies suggest that higher levels of LPA correlate with later stages of the disease,
indicating that this could be used for staging and monitoring of disease progression, in
addition to initial diagnosis [7–10]. Before LPA can be employed in clinical studies, however,
there is a requirement for a method of detection that is rapid, low-cost, sensitive, specific,
and amenable to automation for high-throughput screening. Initial studies of LPA in
relation to OC used methods that are time-intensive and expensive, such as lipid extraction
and high-performance liquid chromatography (HPLC), which are difficult to apply to
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large populations for the thorough validation of LPA as a biomarker for early-stage OC.
Additionally, they do not account for the artificial degradation and production of LPA
in blood samples after collection and during processing [11,12]. In recent years, ELISA
kits for LPA with large linear dynamic ranges and LOD in the ng/mL range have become
commercially available but remain expensive and time-consuming, with assay times of
approximately 2.5 h. They employ an antibody created and patented by LPath Inc., which
contributes to their high cost of $1100 CAD [13–15]. This high price does not account for
instrument cost or technician labor.

Since the initial suggestion that LPA could be a potential biomarker for the early
detection of OC, several sensors have been published in the literature, the majority of
which employ colorimetric or fluorescent detection methods. One of the earliest of these
was a colorimetric sensor developed by Kishimoto et al. that used enzymatic cycling [16].
This was one of the only sensors that used a biological recognition element; the remainder
had instead turned to synthetic probes. For example, Zheng et al. report the use of a
water-soluble calix [5] arene that can be used in a displacement assay, while Wang et al.
have developed a spiroguanidine rhodamine probe that shows increased emission when in-
teracting with LPA [17,18]. Other sensors of interest include the electrochemiluminescence
sensor for LPA reported by Chen et al. that generates signals using CuZnInS quantum
dots, two Raman-based methods reported by Tarannum et al., and a surface plasmon
resonance-based sensor developed by Li et al. [19–22].

Within our own research group, we have been able to develop multiple LPA sensors
that utilize the natural relationship between gelsolin 1–3, actin, and LPA for specific
detection of LPA. Gelsolin 1–3 encompasses the first three domains of gelsolin, an 82 kDa
actin-binding protein that regulates cell motility and morphology by assembling and
disassembling actin. Actin is a 42 kDa cell structural protein that forms microfilaments in
the cytoskeleton [23]. LPA regulates actin–gelsolin binding, causing the release of actin
when it binds to the actin–gelsolin complex. We have previously taken advantage of this
relationship to create LPA sensors based on fluorescence, electrochemistry, and acoustic
wave technology [24–27].

While many published sensors, including our own, have shown a significant response
to LPA with appropriate dynamic ranges and LOD, there is still no sensor that completely
meets the requirements for mass screening in clinical settings that is necessary to properly
validate LPA as a biomarker for OC. Specifically, there is a need for a faster assay with
low-cost technology that is easier to adapt in clinical laboratories but retains sensitivity and
specificity. To achieve this aim, we have chosen to employ the use of magnetic particles
and chemiluminescence (CL).

In this work, we propose a biosensor for LPA that utilizes magnetic particles and CL for
rapid, sensitive sample processing and detection of LPA. Magnetic particles can be coated
with chemistry that binds specific analytes, allowing them to be separated from complex
matrices quickly and efficiently in the presence of an external magnet [28–31]. Their small
surface area allows for efficient interaction with samples, in addition to quick separation;
in combination, this reduces assay time and eliminates the need for extensive sample
preparation. Additionally, magnetic separation can be done in automated workflows.

CL is an extremely sensitive optical method that can be employed in a wide variety of
imaging and sensing applications [32,33]. Depending on conditions, it can be 103 times more
sensitive than fluorescence, with documented detection limits as low as a few zeptomoles
(10−21 mol) and dynamic ranges spanning over 7 decades [34–36]. CL is also an established
method in medical laboratories, used in chemiluminescent immunoassays (CLIAs) for a
variety of routine tests for substances such as vitamin D, thyroid hormones, cortisol, HIV,
and allergy panels (IgE) [32,36,37]. These methods are conducted on automated platforms
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that allow CLIA to have a significantly shorter execution time than other immunoassays,
with some analyzers being able to reach an output of 200 tests per hour [32,36].

We have developed a preliminary biosensor utilizing the advantages of magnetic
particles and CL for the sensitive, rapid detection of LPA, the general schematic of which
is shown in Figure 1. This biosensor is amenable to automation techniques, does not
require extensive sample preparation, and, when further validated, will be applicable in
high-throughput screening for the thorough assessment of LPA as a biomarker for the early
detection of OC.

 

Figure 1. A schematic representation of the biosensor proposed here, which uses magnetic particles as
a solid support for the gelsolin 1–3–actin chemistry, and a chemiluminescent reporter dye covalently
tagged on the actin protein. These modified magnetic particles are incubated in a sample. Any
LPA present will competitively bind with the gelsolin 1–3, causing the release of dyed actin. The
magnetic particles can be separated out of the solution quickly with use of an external magnet, and
the remaining solution can be analyzed in a luminescence instrument. Any light produced is from
the reaction of the chemiluminescent dye with trigger solutions injected into the sample by the
instrument. Since the dye is attached to actin, and actin should only be present from competitive
interactions with LPA, the signal is directly correlated to the presence of LPA in solution.

2. Materials and Methods
2.1. Materials

Plasmids containing histidine-tagged gelsolin 1–3 were provided by Professor Robert
C. Robinson of the University of Singapore. Lysogeny broth (LB), bl21 cells, DNAse
I (ThermoScientific, Waltham, MA, USA), and InvitrogenTM BenchMarkTM Prestained
Protein Ladder (Invitrogen, Walthm, MA, USA) were purchased from MedStore at the
University of Toronto (Toronto, ON, Canada). Acridinium NHS ester was purchased from
Cayman Chemical Company (Ann Arbor, MI, USA). The external permanent magnet used
for separation was either the SPHEROTM HandiMag Separator from Spherotech (Lake
Forest, IL, USA) or the MagListoTM-2-12h Magnetic Separation Rack (2 mL × 12 holes)
from Bioneer Inc. (Oakland, CA, USA). AccuNanoBeadTM Ni-NTA Magnetic Beads, size
400 nm, were purchased from Bioneer Inc. (Oakland, CA, USA). All other chemicals and
materials were purchased from Millipore Sigma (Oakville, ON, Canada).

2.2. Modification of Actin

Actin from rabbit muscle was labeled with acridinium NHS ester using an Amicon®

Ultra centrifugal filter (Merck, Millipore, MA, USA) with 10 k MWCO. An aliquot of
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100 µL of actin (1 mg/mL in Milli-Q water (Merck, Millipore, MA, USA)) was added to the
cartridge along with 7.5 µL of acridinium NHS ester (2 mg/mL in DMF). Approximately
1.2 mL of filtered PBS pH 7.4 was added to the reservoir, and the components were
incubated for 1.5 h on a rotator in the dark. The device was then spun at 4000× g for 15 min
to remove excess dye. The PBS solution in the reservoir was exchanged for fresh buffer,
and the device was again spun at 4000× g for 15 min. The reservoir was emptied, and then
the device was spun at 4000× g for 15 min to concentrate the sample. The labeled actin was
recovered with a reverse spin at 4000× g for 5 min.

2.3. Modification of Nanobeads

Gelsolin 1–3 was expressed, purified, and characterized as described previously [25,38].
The labeled actin was incubated in a 1:1 molar ratio with gelsolin 1–3 for 1 h at 4 ◦C to
allow the proteins to form a complex; this is referred to as the gelsolin 1–3:actin:acridinium
solution. Approximately 3 mL of the purchased AccuNanoBeadTM Ni-NTA Magnetic
Beads (0.5 g/25 mL) was washed four times with his-binding buffer (300 mM NaCl, 20 mM
Tris pH 7.2, 20 mM imidazole, and 1 mM CaCl2). The gelsolin 1–3:actin:acridinium solution
was added to the nanobeads and allowed to incubate for 30 min on a rotator at room
temperature. The nanobeads were again washed four times with his-binding buffer, and
then the solution was made up to a volume of 3 mL. Nanobeads coated with the gelsolin
1–3:actin:acridinium complex are referred to as modified nanobeads.

2.4. Characterization of Nanobeads

The purchased nanobeads were characterized by multiple techniques. Fourier-
transform infrared–attenuated total internal reflection (FTIR-ATR) measurements were
taken on a Perkin Elmer Spectrum Two (Perkin Elmer Inc., Greenville, TN, USA) with
five scans per sample, from 500 to 4000 cm−1. The bare and modified nanobeads were
dispersed in water prior to measurement.

Transmission electron microscopy (TEM) images were taken on a Hitachi HT7700
TEM (Hitachi High-Tech Canada Inc., Toronto, ON, Canada) at an acceleration voltage of
100 kV. Nanobeads were diluted in ethanol, deposited onto TEM grids (Ultrathin Carbon
Film on a Lacey Carbon Support Film, 400 mesh, Copper; Ted Pella Inc., Redding, CA,
USA), and allowed to dry prior to measurement. Size calculations were performed using
ImageJ software, version 1.54p. Modified particles were not imaged, as the protein layer
was too small to be visualized reliably.

Dynamic light scattering (DLS) and zeta potential measurements were obtained using
a Nanobrook 90Plus PALS (Brookhaven Instruments, Nashua, NH, USA). Both bare and
modified nanobeads were diluted in PBS pH 7.7. DLS measurements were done on this
diluted solution in replicates of three. For zeta potential measurements, one drop of diluted
solution was further diluted to 300 mL with 10 mM KCl. Samples were measured in
replicates of five.

2.5. Chemiluminescence Assay

CL was measured using the Lumat LB 9507 (Berthold Technologies, Bad Wilbad,
Germany), a tube luminometer equipped with dual injectors. Then, 50 µL of modified
nanobeads was added to 500 µL of LPA in PBS and allowed to incubate for approximately
20 min. After magnetic separation, four aliquots of 100 µL were assessed for CL signal, with
a measurement time of 5 s. CL of acridinium ester was initiated with successive injection of
100 µL each of two solutions: (A) 0.6% H2O2, 0.1 M HNO3; and (B) 0.5 M NaOH, 4 mM
cetrimonium chloride (CTAC).
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3. Results and Discussion
3.1. Nanobead Characterization

The manufacturer describes the nanobeads to be an average size of 400 nm and have
a shape described as “globular”. This irregular shape of the particles gives them a rough
surface that is intended to reduce non-specific adsorption. The particles are said to possess
a large iron oxide core and a thin silica shell coated with Ni-NTA. Characterization methods
were employed to assess the accuracy of manufacturer claims.

3.1.1. FTIR-ATR

Based on the manufacturer’s description of particle composition, expected bands on
FTIR-ATR spectra include those which are characteristic of O-H, Fe-O, and Si-O bonds.
Some bands characteristic of C-N, C-O, C-H, and N-H bonds may also be observed from the
Ni-NTA layer, as well as the gelsolin 1–3:actin:acridinium complex in the modified particles.

Nanobeads were originally dried prior to measurement, but unfortunately the ob-
served signal did not display significant intensities. We hypothesize that this is due to
the structure of the nanobeads, which, as stated above, are expected to have a large iron
oxide core and a thin silica shell coated with Ni-NTA. This structure would have a larger
signal from the iron oxide compared to signal from the surface molecules; however, iron
oxide generally tends to show at lower intensities (higher % transmission) in FTIR-ATR
spectra depending on the surface coating, as observed in the literature [39–43]. Due to
this minimal signal observable in the dried particles (see Supplementary Information), the
nanobeads were instead measured in water (Figure 2); while this unfortunately resulted in
water dominating the signal, significant bands and shifts were still observed that support
the known structure and composition of the particles.
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Figure 2. FTIR-ATR spectra for Bioneer AccuNanoBeadsTM as purchased (Nanobeads) and after
modification with the gelsolin 1–3:actin:acridinium complex (modified nanobeads), both in water.

Bare nanobeads possess an intense peak at 3340 cm−1 that is attributed to O-H/Si-(OH)
stretching and shifts to 3396 cm−1 in the modified nanobeads. The band at 1641 cm−1 is
assigned to O-H bending, shifting to 1644 cm−1 in the modified nanobeads. The two bands
at 1087 and 1046 cm−1 in the bare nanobeads are attributed to Si-O-Si asymmetric stretching,
while the band at 876 cm−1 is attributed to Si-O-Si and Si-O symmetric stretching. The
relatively low intensity of these bands aligns with the proposed structure of a thin silica
shell (relative to the larger iron oxide core). These bands attributed to Si-O-Si asymmetric
and symmetric stretching disappear completely in the modified nanobeads; however, this
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is not unexpected due to their relatively low intensity. It is possible that the gelsolin
1–3:actin:acridinium complex on the surface of the particles masked the signal from the
small silica shell.

The Fe-O bonds’ characteristic band, which is usually present at ~550 cm−1, is likely
buried within the broad peak at 675 cm−1 for both the bare and modified nanobeads.
This broad peak is likely caused by the water, which exhibits broad, highly intense peaks
between 400 and 1000 cm−1 in the standard spectrum from NIST [44]. This is supported by
the presence of the expected Fe-O band at ~570 cm−1 in the FTIR-ATR spectra of the dried
nanobeads (see Supplementary Information).

The bands attributed to O-H stretching and bending show an increased intensity in the
modified particles compared to the bare particles. This is possibly caused by the interaction
of the water molecules with the protein–dye complex. This is in contrast to the dried spectra,
where the intensity of the Fe-O peak decreases in the modified nanobeads. It is suspected
that the decrease in dried particles is due to the presence of the gelsolin 1–3:actin:dye com-
plex on the surface reducing the relative presence of Fe-O in the entire sample, manifesting
as a decrease in signal intensity even though individual bands characteristic of the protein
complex are not visible. Overall, the presence of bands characteristic of expected functional
groups aligns with the manufacturer’s information on particle composition. Additionally,
the changes in band intensity and position seem to support successful modification of the
nanobeads with the gelsolin 1–3:actin:acridinium complex. All bands are summarized in
Table 1.

Table 1. Summary of bands observed in FTIR-ATR spectra of bare and modified nanobeads.
Wavenumbers are in cm−1, and arrows indicate whether intensity has increased or decreased in the
modified nanobeads relative to the bare nanobeads.

FTIR-ATR Band Bare Nanobead Modified Nanobead

Fe-O 675 * ↑ 675 *

O-H stretching 3340 * ↑ 3396 *

O-H bending 1641 ↑ 1644

Si-O-Si asymmetric stretch 1045, 1086 Not visible

Si-O-Si symmetric stretch 877 Not visible

Si-O symmetric stretch 877 Not visible
* Bands likely overlap with Si-(OH) stretching and are enhanced by the presence of water.

3.1.2. TEM

The nanobeads were imaged with TEM (Figure 3) to confirm their physical structure
and size. The obtained images demonstrate the globular shape of the particles and are
morphologically consistent with those provided by the manufacturer, though they use
scanning electron microscopy (SEM). The dark black color of the particles is consistent with
the high density of iron oxide in the nanobead core.

The average size of particles was calculated to be 247.17 ± 81.92 nm, very different
from the manufacturer’s specification of an average size of 400 nm. It is possible that
this discrepancy is due to aggregation of particles during drying, making larger particles
difficult to image and discern from each other. It is also possible that this is caused by
the sampling bias inherent in TEM, as it is impossible to obtain images of the entire TEM
disc. This is especially prevalent in samples with wide size ranges, which may be the case
here. It is also a possibility that the manufacturer size was incorrect for this particular
batch; however, the SEM images provided by the manufacturer also seem to contain many
particles with a size closer to 200 nm than 400 nm, so this is unlikely.
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Figure 3. TEM images of (A) clusters of nanobeads and (B) one nanobead. Images were both taken on
a Hitachi HT7700 TEM at 5000× and 80,000× magnification, respectively. Samples were dissolved in
ethanol and then dried onto copper TEM grids prior to imaging. In total, 161 nanobeads from 12 TEM
images were used to calculate the size distribution (C) and the average size of 247.17 ± 81.92 nm.
This size is reflective of the smaller particles only, as the larger particles formed were likely aggregated
and difficult to image individually.

3.1.3. DLS and Zeta Potential

DLS and zeta potential results are summarized in Table 2. DLS sizes are larger than
TEM sizes. This is expected, as DLS measures the hydrodynamic size of a particle, whereas
TEM measures the actual physical size of a particle. The hydrodynamic radius, as measured
by DLS, varies significantly depending on various factors, including surface coating, shape,
size, concentration, and polydispersity of the particles [45]. For iron oxide nanoparticles,
this discrepancy usually results in a DLS-measured diameter that is 2–5 times larger than
that measured by TEM [45–48].

DLS results for the bare nanobead showed the presence of two size populations, one
at ~193 nm and one at ~820 nm. This gives an average size of ~517 nm, which is much
closer to the manufacturer-provided size of 400 nm. It is possible that the DLS results were
able to better capture the larger sizes of particles that were not observed in TEM images,
or the manufacturer size also refers to the DLS size as opposed to the TEM size; however,
there is no indication of this in any of the product information. The nanobeads have a
PDI of 0.305, which is on the higher side, but this is likely due to the presence of the two
size populations.

https://doi.org/10.3390/bios16020116

https://doi.org/10.3390/bios16020116


Biosensors 2026, 16, 116 8 of 12

Table 2. Summary of DLS and zeta potential results for bare and modified nanobeads. All values
are calculated averages reported with 95% confidence. DLS measurements have n = 3 for the bare
nanobeads but n = 2 for the modified nanobeads due to exclusion of a result. The modified nanobeads
showed an additional size population below the limits of the instrument (<1 nm) which was not
reported here; the presence of this population likely skewed the PDI of the modified nanobeads
significantly, so it is not reported here but is included in the Supplementary Information. Zeta
potential measurements for both samples have n = 5. All solutions have pH 7.7.

Bare Nanobead Modified Nanobead

DLS Size (nm)
193.36 ± 0.73 ---

821.01 ± 0.05 820.98 ± 0.003

PDI 0.305 ± 0.002 ---

Zeta Potential (mV) +58.79 ± 0.23 +61.75 ± 0.08

In the modified nanobeads, the presence of proteins on the particle surface should
theoretically increase the hydrodynamic diameter. According to the NanoComposix [49]
calculator that estimates the hydrodynamic radius of a protein based on its molecular
weight, gelsolin 1–3 and actin should both add ~4.5 nm to the DLs results. This estimated
size could be slightly larger or smaller in reality depending on the conformation of each
protein and how their structures change when bound to each other in the complex. Unfortu-
nately, this increase in radius was not observed, with the particles showing one population
that retained a similar size to the larger population of the bare nanobeads (~820 nm). It is
likely that in this case, the proteins had degraded prior to measurement. Interestingly, the
results for the modified nanobeads showed the presence of a size below the limits of the
instrument (<1 nm), likely some kind of artifact. The PDI was not included for the modified
nanobeads, as it would be significantly affected by the presence of this artifact.

Zeta potentials of both the bare and modified nanobeads were high in magnitude,
indicating high solution stability of the particles in PBS at pH 7.7. The zeta potential did
not change significantly between the two samples, supporting the theory that protein
degradation occurred prior to sample measurement.

3.2. CL Assay

The assay showed a positive linear response to varying concentrations of LPA with
R2 = 0.8498 (Figure 4). Linear regression analysis was performed in Excel, which utilizes
the least squares method to fit a trend line through the data. Using this output, the LOD
and LOQ were calculated to be 3.5 nM and 10.6 nM, respectively, using the equations below,
where σ is the standard error of the intercept and s is the slope.

LOD = 3.3 ∗ σ

s
(1)

LOQ = 10 ∗ σ

S
(2)

The LOD of 3.5 nM is much lower than the clinically relevant concentrations deter-
mined in early studies of LPA (0–10 µM in healthy patients and 2–48 µM in patients with
OC) [7,10]; however, these early studies did not consider artificial production and degrada-
tion of LPA in blood samples. One study that did include these considerations reported
healthy LPA levels of 40–60 nM, which would be much more suitable for our low LOD of
3.5 nM [12]. Though their sample size was small (n = 6), this only further emphasizes the
need for a sensitive biosensor that can be used in mass screening to truly validate disease
concentrations and cutoff values for LPA. With additional considerations for artificial LPA
production and degradation, this could be well within range to determine the presence of
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OC. Even if relevant LPA concentrations remain in the µM range, sample dilution could be
employed to keep the assay clinically applicable.

y = 0.1494x + 0.4384
R² = 0.8498

−0.5
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Figure 4. Response of modified nanobeads to varying concentrations of LPA in PBS buffer. Approxi-
mately 50 µL of modified nanobeads was added to 500 µL of LPA in PBS and allowed to incubate
for 20 min. After magnetic separation, four aliquots of 100 µL were assessed for CL signal with a
measurement time of 5 s after successive injection of each of the two trigger solutions. PBS buffer
was used as the blank. The equation of the trend line is y = 0.1494x + 0.4384, with R2 = 0.8498. LOD
was calculated to be 3.5 nM with regression analysis, and LOQ was calculated to be 10.6 nM. The
vertical error bars represent the standard deviation in CL signal of the four replicates tested for each
concentration of LPA. The horizontal error bars representing the error in LPA concentration due to
standard dilutions are present but too small to be visible at this scale.

The LOQ of 10.6 nM is high relative to the linear range tested; however, as there
is currently no evidence of having reached saturation and the assay has yet to be fully
optimized in plasma or serum, there is a likelihood that this will decrease.

The high R2 value and linear relationship demonstrated here indicate a promising
result, but the assay still requires further optimization to be applicable in clinical settings.
Variability of results is higher than ideal; this can be reduced with further validation of the
labeling process and higher replicates for each sample. The true linear range of the assay
also needs to be assessed. Eventually, validation in serum would be performed, including
analytical parameters, specificity testing, and comparison to validated methods.

4. Conclusions
This work represents a proof-of-concept for a sensitive biosensor that can detect

LPA for diagnosis of OC. LPA is a promising biomarker for OC but still requires further
validation in large populations. This validation has not occurred to date, despite the first
instance of LPA in relation to OC being reported over 30 years ago, due to the lack of a
sensitive, cost-effective method for studies on large populations. While not a perfectly
optimized method, this sensor using magnetic nanobeads and chemiluminescence (both of
which are easily compatible with pre-existing automated clinical ELISA-like technology)
has proven to be viable, fast, and sensitive, with a positive response to LPA concentration, a
measurement time of 5 s after incubation, and an LOD of 3.5 nM. With further optimization
and validation in plasma, this sensor has the potential for use in mass screening efforts to
both initially validate LPA as a biomarker for OC and be employed as a screening method
for early- and late-stage detection of OC.

https://doi.org/10.3390/bios16020116

https://doi.org/10.3390/bios16020116


Biosensors 2026, 16, 116 10 of 12

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/bios16020116/s1, Figure S1: FTIR-ATR spectrum of dried Bioneer
AccuNanoBeadsTM; Figures S2–S4: DLS data from Trials 1–3 of nanobeads dispersed in PBS;
Figures S5–S7: DLS data from Trials 1–3 of modified nanobeads dispersed in PBS; Figure S8: The
statistical output from Linear Regression on Excel used to calculate the LOD and LOQ; Table S1:
Individual PDI values for each trial along with calculated averages and standard deviation.
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