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Engineered bacterial magnetic nanoparticles (BMPs) fused with protein A (BMP-PA) can bind antibodies,
creating immunomagnetic beads that offer an attractive tool for targets screening. In the study, BMP-PA-IgG was
formed by attaching broad-spectrum monoclonal antibodies against glucocorticoids (GCs) to BMP-PA. Immu-
nomagnetic assay was developed for analysis of GCs, using the BMP-PA-IgG and hydrocortisone-horseradish
peroxidase. The developed assay exhibited broad specificity for GCs, including hydrocortisone (HCS), betame-

thasone (BMS), dexamethasone (DMS), prednisolone (PNS), beclomethasone (BCMS), cortisone (CS), 6-
a-methylprednisone (6-a-MPNS), and fludrocortisone acetate (HFCS), with half inhibitory concentrations (ICsg)
ranging from 0.88 to 6.57 ng/mL. The proposed assay showed average recoveries of HCS and DMS ranging from
75.6% to 105.2% in chicken and pork samples, which were correlated well with those obtained by LC-MS/MS.
This study indicated that the integration of engineered immunomagnetic beads into immunoassay systems offer
possibilities for the sensitive and selective detection of GCs.

1. Introduction

Immunomagnetic beads have been emerged as powerful tools in
biotechnology, which have been widely used for development of various
biosensor in the fields of biomedical diagnostic, environmental moni-
toring, and food safety (He et al., 2018,2020,2024; Edwards et al., 2019;
Lewis et al., 2023). Imnmunomagnetic beads are typically composed of a
magnetic core, spacer layer, and functionalized surface coating. The
magnetic core is commonly made of iron oxide nanoparticles with
excellent magnetism and biocompatibility, and spacer layer acts as a
protective barrier, preventing direct interaction between magnetic core
and functionalized surface. Antibodies are usually coated on the func-
tionalized surface, which confer specificity for targets. Thus, the key
function of immunomagnetic beads is the selective binding and sepa-
ration of target molecules using external magnetic fields (Wang & Lin,
2018). When in contact with targets, antibodies on surface bind spe-
cifically to them, allowing for their extraction from complex samples (He
et al., 2018,2020). In addition, the targeted isolation enables the
enrichment of rare targets in samples, thereby enhancing sensitivity and
accuracy in diagnostics (Chen et al., 2016).
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By harnessing their unique composition, function, and magnetic
properties, immunomagnetic beads offer unprecedented benefits for
separation and analysis of targets (Hong et al., 2023; Tao et al., 2023).
Therefore, the future of immunomagnetic bead technology holds
tremendous promise for further advancement in multiple domains.
However, most of functionalized magnetic beads in use are chemically
synthesized, which may undergo aggregation or agglomeration, thereby
affecting their performance and consistency in applications (Ali et al.,
2016). Moreover, some chemically synthesized magnetic beads may
contain toxic substances or by-products from synthesis process through
co-precipitation. Furthermore, large-scale production of chemically
synthesized magnetic beads can be challenging, making it difficult to
meet the growing demands of such beads (Ali et al., 2016). Conse-
quently, there is an urgent requirement for the development of alter-
native immunomagnetic beads to address these concerns.

Magnetosomes (also termed bacterial magnetic nanoparticles
(BMPs)) are unique biominerals produced by magnetotactic bacteria,
encapsulating either magnetic (Fe3O4) or greigite (FesS4) within a
phospholipid bilayer membrane adorned with specific proteins such as
mamC and mamF (Uebe & Schiiler, 2016). These particles exhibit
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superior characteristics compared to chemically synthesized magnetic
beads, including uniform size distribution, precise crystal structure,
robust thermal stability, and exceptional colloidal stability (Yan et al.,
2017). Consequently, chemically functionalized BMPs have garnered
significant attention across a diverse array of applications, ranging from
immunoassay and biosensors to drug delivery system and biomedical
imaging (He et al., 2018, 2020; Baki et al., 2021; Ren et al., 2023). While
chemical modification strategies have proven effective in constructing
immunomagnetic beads using BMPs, they can potentially compromise
the functionality and orientation of attached molecules due to the cross-
linking processes involved. This has led to increased interest in the use of
genetic modification techniques, which are both cost-effective and
environmentally sustainable, for the functionalization of BMPs in the
context of target separation and analysis (He et al., 2018, 2020; Xu et al.,
2014).

Researchers have harnessed the mamC or mamF membrane proteins
of BMPs to display a variety of functional proteins on their surfaces, such
as immunoglobulin G-binding domains (Yoshino & Matsunaga, 2006),
thyroid-stimulating hormone receptor (Kanetsuki et al., 2012), protein
G (Takahashi et al., 2009), G protein-coupled receptors (Yoshino et al.,
2021), and nanobody (Wu et al., 2021). In prior research, we success-
fully expressed protein A (PA) on BMPs, thereby enabling it to bind to
IgG and create immunomagnetic beads capable of selectively targeting
gentamycin and Vibrio parahaemolyticus (Xu et al., 2014, 2019). How-
ever, despite these advancements, a comprehensive evaluation of the
systematic application and performance of genetically engineered BMPs
for the separation and analysis of trace targets in animal-derived food
remains an uncharted area to date.

Glucocorticoids (GCs), a group of steroidal compounds with potent
anti-inflammatory, anti-allergic, and anti-shock properties, have seen
widespread usage in veterinary medicine (He et al., 2022). Despite their
therapeutic benefits, the excessive or inappropriate administration of
GCs can result in their accumulation within animal tissues, subsequently
finding their way into the human food chain. This introduces potential
health hazards, encompassing detrimental impacts on the immune sys-
tem, suppression of growth hormone production, and a host of other
complications (Quatrini & Ugolini, 2021). Thus, the Europe Union has
established the maximum residue limits (MRLs) for dexamethasone
(DMS) and betamethasone (BMS) at 0.75 pg/kg of muscle and kidney,
2.00 pg/kg of liver, and 0.30 pg/kg of milk (Council Regulation 37/
2010/EC of 22 December of, 2009). In parallel, China has regulated the
MRL for DMS in muscle tissue was set at 0.75 pg/kg (China, 2002).

Despite the existence of multiple methods devised to monitor GCs
residues in food products, a biogenic immunomagnetic bead-based
immunoassay specifically for GCs screening has yet to be documented.
To address this gap, PA was genetically displayed onto BMPs to
construct functional immunomanetic beadsd via PA reaction with a
broad-spectrum monoclonal IgG antibody targeting various GCs. The
developed BMP-PA-IgG complex, when coupled with a suitable tracer,
effectively integrates separation and analysis of GCs residues. The
experimental outcomes demonstrated that the genetically modified
BMPs, equipped with PA conjugated to a broad-spectrum monoclonal
antibody, hold considerable promise for the highly sensitive and selec-
tive detection of GCs residues in food matrices. This novel approach
significantly advances the field, offering a potential solution for the
accurate monitoring and control of GCs contamination in the food
supply chain.

2. Experimental
2.1. Chemical and materials

Hydrocortisone (HCS), dexamethasone (DMS), betamethasone
(BMS), prednisolone (PNS), beclomethasone (BCMS), cortisone (CS), 6-

a-methylprednisone (6-a-MPNS), and fludrocortisone acetate (HFCS)
were purchased from Yuhao Chemical Technology Co. LTD (Hangzhou,
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China). N-hydroxysuccinimide (NHS), Dimethyl formamide (DMF), 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC),
isopropyl p-D-thiogalactopyranoside (IPTG), 3,3',5,5-tetramethylbenzi-
dine (TMB), and horseradish peroxidase (HRP) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). 96-well plates were procured from
Thermo Fisher Scientific Inc. (Rockford, IL). N, N-Dimethylformamide
(DMF) and methanol were obtained from Sinopharm Chemical Reagent
(Shanghai, China).

2.2. Fusion expression of PA on BMPs

The recombinant strain M. gryphiswaldense, carrying the pBBR-
mamF-PA plasmid, was activated and transformed into a 42-L fermen-
tation medium using our previously established methods (Xu et al.,
2014, 2019). The composition of fermentation medium and feeding
media was performed based on the findings of previous study (Zhang
etal., 2011). After 12 h of cultivation, 7.5 mL of 1 M IPTG was added to
initiate the expression of mamF-PA gene. Following an additional 30 h
of growth, the bacterial pellet was harvested and suspended in PBS
(0.01 M, pH 7.4). Cell disruption was achieved using ultrasonication
(80 W), which were repeatedly for several times until the protein con-
centration in the supernatant no further decreased. Then, western
blotting analysis was performed to verify the PA displayed on BMPs,
adopting a minor adaptation from our preceding studies (He et al., 2018,
2020; Xu et al., 2019). The membrane proteins of BMPs and BMP-PA
were separated by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE), and the bands were transferred onto a nitrocel-
lulose membrane. To curtail nonspecific binding, the membrane was
incubated with 1% BSA at 4 °C overnight. Subsequently, the rabbit
serum IgG against PA (1:4000) was incubated with the membrane under
gentle agitation for 1 h at room temperature. Afterward, the membrane
underwent rigorous washing to discard any unbound primary anti-
bodies. A goat anti-rabbit IgG secondary antibody, conjugated to HRP,
was then applied to membrane for another hour. Afterward, the mem-
brane was washed three times with tris-buffered saline with Tween-20
(0.05%), the reactivity was detected using an enhanced chem-
iluminescence solution.

To visualize the morphology of purified BMP-PA, a 10 pL suspension
was air-dried on copper mesh and examined using transmission electron
microscopy (TEM). The hydrated radii and zeta potential of the BMP-PA
were measured using Zeta-PALS. Finally, the purified BMP-PA was
washed twice with distilled water under ultrasonication, captured using
a magnet, and stored at 4 °C for further study.

2.3. Synthesize HCS tracer

To synthesize HCS tracer, a carboxyl group was introduced into the
HCS molecule using a previously described method (He et al., 2022).
The HCS (500 mg) was weighted into a round-bottomed flask with
addition of 5 mL of pyridine. Then, succinic anhydride (110 mg) was
added to the solution, and the mixture was stirred continuously at 80 °C
for 3 h. After the reaction, vacuum distillation was carried out to collect
residue, which was then resuspended in 10 mL of ice water. Then, white
crystalline solids were gradually formed in the solution. These solids
were subsequently precipitated from the solution, filtered, and dried,
resulting in the formation of HCS derivatives with a carboxyl group
(HCS-COOH). Next, HCS-COOH was conjugated to HRP to produce the
HCS tracer. This conjugation process followed the methodology
described in our previous reports (He et al., 2018,2021).

2.4. BMP-PA-IgG based ELISA for HCS

The 1 mg of BMP-PA (in 0.5 mL) was combined with 2 mg/L IgG
solution and incubated at 37 °C for an hour. This step facilitated the
conjugation between BMP-PA and IgG. Subsequently, to purify the
complex, the BMP-PA-IgG mixture was subjected to a washing process
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three times using PBST in a 96-well magnetic plate, which aided in
removing any unbound or non-specifically bound molecules. To prevent
non-specific binding in subsequent assay steps, the washed BMP-PA-IgG
complexes were then blocked overnight at 4 °C with 1% gelatin solution.

To construct immunomagnetic bead-based ELISA, the concentration
of BMP-PA-IgG and HCS-HRP tracer was determined by checkboard
method. The experiment was conducted using 96-well plates, which
were initially blocked with 1% gelatin (300 pL per well) in carbonate-
bicarbonate buffer (pH 9.6) and left to incubate at 4 °C overnight.
Following the incubation, the plates were washed with PBST (PBS,
0.01 M, pH 7.4, containing 0.5% tween-20). BMP-PA-IgG complexes
were also blocked with 1% gelatin overnight. Subsequently, the BMP-
PA-IgG suspension was added to the plates (100 pL per well) and then
washed three times with PBST in 96-well magnetic frame. Next, a series
of dilution of HCS solutions (50 pL) were added to the respective wells,
respectively. Subsequently, HCS tracer (50 pL) was also added to each
well. The mixture was incubated on an oscillator (150 rpm/min) for
10 min without a magnet. Following washing three times with PBST,
TMB solution (100 pL) was added to each plate. The TMB solution was
prepared by diluting 400 pL of 0.6% TMB and 100 pL of a 1% Hy0»
solution in 25 mL of citrate buffer with a pH of 5.5. The reaction was
allowed to proceed for 10 min, and it was then stopped by adding 50 pL
of 2 M HyS04. The absorbance of the plates was measured at 450 nm
using a microtiter plate reader. To determine the assay sensitivity, the
half-maximum signal inhibition concentration (ICsy) was calculated
using a four-parameter logistic equation generated by SigmaPlot10.
Additionally, the limit of detection (LOD, represented as IC1(), was also
determined using the same equation.

To investigate the impact of physicochemical parameters on per-
formance indicators, namely the maximal signal (AO) and ICsy of BMP-
PA-IgG ELISA, a series of experiments were designed. These experiments
spanned a broad spectrum of pH values (4.0 to 10.0), methanol con-
centrations (0% to 40% v/v), and sodium chloride concentrations (0 to
1.094 M). A distinctive exception to this systematic variation was
observed in one particular experimental condition, which consisted of a
pH of 8, 0.137 M NacCl, 0.003 M KCl, and 10% methonal. This unique
combination of variables served as a point of contrast, enriching the
overall assessment by providing insights into the ELISA’s behavior under
distinct physicochemical conditions.

2.5. Cross reactivity of BMP-PA-IgG based ELISA

To determine the specificity of the BMP-PA-IgG-based ELISA, the
IC5¢ values of HCS were compared with those of various chemical
compounds, such as DMS, BMS, PNS, BCMS, CS, 6-a-MPNS, and HFCS by
the immunomagnetic assay, respectively. Then, cross reactivity (CR)
was calculated using the following equation: CR (%) = [ICso (HCS)/ICs¢
(tested compound)] x 100%.

2.6. Sample pretreatment

Pork and chicken muscle samples were obtained from local market
(Taigu district, China) for recovery study. Prior to analysis, the samples
were tested for the absence of GCs by liquid chromatography-tandem
mass spectrometry (LC-MS/MS) according to a previous report (He
et al., 2022). Subsequently, the chicken and pork samples (2 g each)
were weighted and placed in separate 50-mL glass tubes for homoge-
nization, respectively. The samples were spiked with HCS and DMS
(with a stock solution in DMF at 100 ng/mL) at the concentration of 2,
10, and 50 pg/kg. The extraction process involved two cycles of ultra-
sonic bath treatment with 10 mL of methanol for 30 min each. The
resulting upper liquids were collected by centrifugation at 4000 g for
10 min. The combined methanol extract was then evaporated to dryness
in a water bath at 56 °C. The residue was redissolved in 200 pL methanol
and then diluted 5-fold, 10-fold, and 20-fold with PBS (pH 8, containing
10% methanol) to mitigate matrix effects and facilitate the detection of
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low levels of GCs, respectively, before performing the BMP-PA-IgG-
based ELISA. These tissue extracts were analyzed using the LC-MS/MS
techniques (He et al., 2022), exhibiting robust linearity for the detec-
tion of GCs in both chicken and pork muscle samples across a wide
concentration spectrum of 0.8 to 100 ng/mL (r2 =0.9993). The LOD was
set at 0.5 ng/mL. The recoveries for GCs ranged from 85.16% to
110.42%, with relative standard deviations (RSDs) of <11.46%.
Furthermore, matrix effects were found to be <23%, thus validating the
effectiveness of the applied analytical approach.

3. Results and discussion
3.1. Purification of BMP-PA

The synthesis of BMPs involves the cultivation of magnetotactic
bacteria under specific conditions, allowing them to synthesize intra-
cellular magnetic nanoparticles. BMPs can be obtained by fermentation
MTB, which has been successfully scaled up to a 42-L fermentor (He
et al., 2020; Liu et al., 2010). After genetic manipulation, these nano-
particles are purified and coated with specific decoration on the surface
of the BMPs (Wu et al., 2021; Xu et al., 2014, 2019). Among the BMP-
associated proteins in MSR-1, mamF is considered the most stable and
commonly used in BMP surface display systems (Griinberg et al., 2004).
In our previous study, the chromosomal mamF gene was deleted, and
fusion gene mamF-PA was expressed in recombinant plasmid pBBR-
mamF-PA (Xu et al, 2014, 2019). In this study, MTB containing
pBBR-mamF-PA plasmid were cultured in a 42-L fermentor to produce
the BMP-PA. After 36 h of culturing, the cells were harvested with a
weight reaching 2.53 g/L. BMP-PA was further purified through ultra-
sonication with a yield of 60.78 mg/L, which was consistent with our
previous study (Xu et al., 2014, 2019). To verify the presence of PA on
the surface of BMP, western blotting was performed with an expected
bands around 55 kDa (Fig. 1), which was in line with our expectation
(Xu et al., 2014). These findings indicate that BMP-PA is potentially
useful for industrial fermentation processes.

3.2. Characteristics of engineered BMP-PA and BMP-PA-IgG

The PA displayed on BMPs could interact with Fc domain of anti-
bodies, leading to the formation of BMP-PA-IgG complexes (Ma et al.,
2022; Xu et al., 2019). To create a novel immunomagnetic bead tar-
geting GCs, a broad-spectrum monoclonal antibody that specifically

180 kDa
75 kDa
60 kDa

45 kDa

35 kDa

25 kDa
M 1 2

Fig. 1. Identification of PA expressed on BMPs by western blotting. Line M,
protein marker; Line 1, BMP-PA; Line 2, wild-type BMPs.
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binds to GCs was incorporated with BMP-PA. The properties of BMP-PA
and BMP-PA-IgG were subsequently evaluated. The sizes distribution of
BMPs, BMP-PA, and BMP-PA-IgG ranged from 20 to 70 nm in diameter,
as observed by TEM image (Fig. 2 and Fig. S1). In a stable water-based
suspension system, the zeta potential, which reflects the surface charge
of dispersed particles, ideally should be above +30 mV or below
—30 mV. The low zeta potentials of BMP-PA and BMP-PA-IgG nano-
particles were found to be —48.68 mV and — 43.25 mV (Table S1),
indicating excellent stability of the colloidal suspension in water. The
average hydrated radius was measured to be 263.5 nm for BMPs,
281.2 nm for BMP-PA, and 313.3 nm for BMP-PA-IgG (Table S1). To
evaluate the function of BMP-PA-IgG for targeting GCs, a tracer needed
to be synthesized. The IgG against GCs had shown a proper affinity to
HCS in previous study (He et al., 2022). Thus, carboxyl group was
introduced to HCS as confirmed by LC-MS analysis (Fig. S2), and it was
conjugated with HRP to serve as the tracer (Fig. S3) (p < 0.01). Their
unique attributes make them exceptionally suitable for immuno-
magnetic assay.

3.3. BMP-PA-IgG based ELISA for GCs

Immunomagnetic assays heave revolutionized the detection and
measurement of trace small molecules due to their superior sensitivity,
specificity, and efficienty (He et al., 2018, 2020, 2024; Xu et al., 2019).
However, the non-covalent binding of PA to the Fc region of antibodies
in BMP-PA-IgG assay can be influenced by several factors such pH, ionic
strength, and the presence of organic solvents like methanol. In this
investigation, the performance of the BMP-PA-IgG based ELISA under
various challenging conditions was meticulously assessed. The assay
was carried out with BMP-PA-IgG incubated in solutions having a broad
spectrum of pH levels (from 4 to 10), NaCl concentrations (from 0 to
1.094 M), and methanol percentages (0 to 40%). Notably, the results
revealed that the assay displayed optimal sensitivity at a basic pH of 8,
registering the lowest ICsg value of 0.98 ng/mL (Fig. 3A), possibly due to
enhanced BMP-PA-IgG stability and improved HCS solubility under
these conditions (He et al., 2022). Consequently, PBS buffered at pH 8
was chosen for subsequent experiments. While anti-GCs IgG has
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previously demonstrated resilience against methanol (He et al., 2024),
the effect of this organic solvent on the BMP-PA-IgG-based ELISA
required evaluation before its application in incurred samples. Fig. 3B
shows that as methanol concentration increased from 0 to 40%, the ICsg
values fluctuated between 0.94 and 1.31 ng/mL and AO readings ranged
from 0.715 to 1.068. Remarkably, at a 10% methanol concentration, the
assay achieved its highest sensitivity (ICso = 0.94 ng/mL) along with a
suitable A0 reading of 1.015, indicating that methanol at this level
stabilizes HCS for use in the BMP-PA-IgG competitive ELISA without
significantly affecting the binding affinity. Regarding NaCl concentra-
tion, increasing it from O to 1.094 mol/L led to variations in ICsq values
from 0.91 to 1.91 ng/mL and AOQ values from 0.725 to 1.061 (Fig. 3C).
The elevated ionic strength seemed to disrupt the interaction between
the antibody and analyte, thereby reducing the assay’s signal intensity
and sensitivity. Under the tested conditions, an ionic strength of
0.137 mol/L NaCl in PBS (pH 8 and 10% methanol) provided the best
compromise with a commendable A0 of 1.061 and a relatively low ICsq
of 0.91 ng/mL, hence making it the preferred choice for the ongoing
study.

Under optimal conditions, the competitive inhibition curve for HCS
was constructed (Fig. 4). The ICsq value, limit of detection (LOD) at 10%
inhibition, and linear range (IC2-ICgg) for HCS were determined to be
0.91 ng/mlL, 0.03 ng/mL, and 0.11 to 6.78 ng/mlL, respectively. BMPs
possess a large surface area and high antibody loading capacity, which
enhances target capture efficiency (Xu et al,, 2019). This leads to
increased sensitivity and lower detection limits, enabling accurate
quantification of GCs even at low concentration ranges. Additionally,
the LODs for DMS, BMS, PNS, BCMS, CS, 6-a-MNPS, and FHCS were
found to be 0.02, 0.08, 0.09, 0.04, 0.11, 0.21, and 0.19 ng/mlL,
respectively (Table 1). These LODs meet the MRLs for GCs in chicken
and pork samples set by the Europe and China, making this method
suitable for monitoring GCs residual levels in practical applications. To
assess the specificity of the method, the inhibition curves were tested to
calculate the CR values for GCs. The results demonstrated various CR
values (ranging from 13.85% to 103.4%) for the GCs using BMP-PA-IgG,
of which the ICsg value for DMS in the assay was 0.88 ng/mL (Table 1).
This suggested that the antibody had a higher affinity for DMS compared

B

:
.

Fig. 2. Morphology and particle size of immunomagnetic beads. TEM image of particles BMPs (A), BMP-PA (B), and BMP-PA-IgG (C).
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Fig. 3. Effects of pH (A), methanol (B), and NaCl (C) on the performance of BMP-PA-IgG based immunomagnetic assay for GCs. The data shown were the average of

triplicates.

A/AD

0.0 T T T T T
0.001 0.01 0.1 1 10 100

1000
Concentration of HCS (ng/mL)

Fig. 4. Calibration curve of BMP-PA-IgG-based ELISA for HCS. The data shown
are the average of triplicates.

to HCS (He et al., 2022). These findings suggested combination of BMP-
PA-IgG with immunoassay platforms brings several advantages such as
high-throughput capability, swift assay time, and simplified operation to
the GCs detection process.

3.4. Analysis of GCs in samples

Immunomagnetic beads enable easy and efficient separation using a
magnetic field, making them well-suited for immunoassay applications.
However, the presence of matrix effects in samples is unavoidable and
can lead to misinterpretation of results in immunoassays (He et al.,
2018, 2020, 2021). While immunomagnetic beads facilitate the sepa-
ration of targets from samples, it is crucial to consider the matrix effect
resulting from the reaction between the antibody and targets. Dilution of
the extracts can help mitigate the matrix effects. For detection of GCs in
chicken and pork samples using BMP-PA-IgG, a ten-fold dilution with
PBS (0.01 M, pH 8) containing 10% methanol was found to remove the
matrix effects (Fig. S4). Subsequently, spiking and recovery tests were
performed to detect low levels of HCS and DMS (Table 2). Although the
BMP-PA-IgG exhibited high tolerance to methanol, the samples extracts
were uniformly dissolved in 10% methanol. The chicken and pork
samples were spiked with low, medium, and high concentrations of HCS
and DMS measured by the BMP-PA-IgG based ELISA. The average re-
coveries of the three spiked concentrations for HCS and DMS ranged
from 75.6 to 105.2%, with variable coefficient (CV) <9% (Table 2). This
assay was also applied to detect GCs residues in real samples collected
from Taigu area, having GCs levels in a range of <LOD-2.54 ng/g
and < LOD-1.96 ng/g (Table S2), indicating the method had high ac-
curacy and precision when applied to chicken and pork samples. The
results of ELISA and LC-MS/MS showed good correlations (Fig. S5). The
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Table 1
Parameters of BMP-PA-IgG based ELISA for GCs.

Food Chemistry: X 22 (2024) 101523

Analytes Structures ICy0 (ng/mL) 1Cso (ng/mL) CR (%) MRLs in muslce (pg/kg)
China EU
HCS 0.03 0.91 100 - -
DMS 0.02 0.88 103.4 0.75 0.75
BMS 0.08 1.57 57.96 0.75 0.75
PNS 0.09 3.65 24.93 4 4
BCMS 0.04 1.36 66.91 4 4
Cs 0.11 5.67 16.05 - -
6-a-MPNS 0.21 6.57 13.85 10 10
HFCS 7 N— 0.19 4.41 20.63 - -

Note: —, no MRLs.

Table 2
Determination of DMS and HCS in chicken and pork samples by BMP-PA-IgG
based ELISA and LC-MS/MS.

Samples  Analytes  Spiked level (ng/mL)  Average recovery (%) = CV (n = 3)
ELISA LC-MS/MS
Chicken DMS 0 0 0
2 87.6 + 1.42 92.1 +£1.34
10 90.2 + 4.26 93.2 + 2.57
50 105.2 + 5.16 96.5 + 4.35
HCS 0 0 0
2 82.6 £1.28 97.2 £1.32
10 93.6 + 4.17 101.3 £+ 3.54
50 104.7 £ 6.37  97.3 £+ 3.58
Pork DMS 0 0 0
2 75.6 £ 1.85 87.6 + 1.59
10 86.4 £+ 3.67 96.7 + 3.54
50 92.4 + 8.35 95.6 + 5.24
HCS 0 0 0
2 79.5 £1.17 89.7 + 1.54
10 90.4 + 4.68 92.6 + 4.52
50 92.1 + 6.57 95.2 + 3.53

results indicated that BMP-PA-IgG based assay was accurate and could
be used for the high-throughput screening of GCs in real samples.

4. Conclusions

This study utilizes engineered BMPs fused with PA (BMP-PA), which
effectively binds a monoclonal antibody specific to GCs, thereby pro-
ducing immunomagnetic beads that are highly efficient for target ana-
lyte capture. A key aspect of the methodology involves the
derivatization of HCS and its subsequent conjugation to HRP, serving as
a sensitive tracer in the assay. Building upon this, an immunomagnetic
bead-based assay was devised, leveraging the BMP-PA-IgG complex
alongside the HCS-HRP tracer. This novel immunomagnetic approach
was successfully implemented for the quantification of GCs in both
chicken and pork samples, demonstrating notable sensitivity and accu-
racy in recovery tests. Importantly, the results correlated excellently
with those obtained from LC-MS/MS method, validating the reliability
of the proposed assay. In summary, the immunomagnetic assay pre-
sented herein exhibits great potential as a rapid, high-throughput
screening tool for the detection of GCs residue levels, offering a prac-
tical and efficient alternative for monitoring purposes in food safety
applications.
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