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ARTICLE INFO ABSTRACT
Keywords: The controlled orientation of biomolecules on the sensor surface is crucial for achieving high
Fe gamma receptor I sensitivity and accurate detection of target molecules in biosensing. FcyRI is an immune cell

Monoclonal antibody
TNF-a biosensor
Surface plasmon resonance

surface receptor for recognizing IgG-coated targets, such as opsonized pathogens or immune
complexes. It plays a crucial role in T cell activation and internalization of the cargos, leading
downstream signaling cascades. In this study, we repurposed the FcyRI as an analytical ligand
molecule for site-oriented ADA capture, a monoclonal antibody-based biosimilar drug, on a
plasmonic sensor surface and demonstrated the real-time detection of the corresponding analyte
molecule, TNF-a. The study encompasses the analysis of comparative ligand behaviors on the
surface, biosensor kinetics, concentration-dependent studies, and sensor specificity assays. The
findings of this study suggest that FcyRI has a significant potential to serve as a universal ligand
molecule for site-specific monoclonal antibody capture, and it can be used for biosensing studies,
as it represents low nanomolar range affinity and excellent selectivity towards the target. How-
ever, there is still room for improvement in the surface stability and sensing response, and further
studies are needed to reveal its performance on the monoclonal antibodies with various antigen
binding sites and glycoforms.

1. Introduction

The classical Fc receptor (FcR) family of Fc gamma receptors (FcyRs) includes several members that, depending on the receptor and
the Immunoglobulin G (IgG) subclass, attach IgG molecules to the cell surface with alternating affinities. FcyRs are also divided into
activating and inhibitory receptors based on the type of signal transduced. While human cells express FcyRI, FcyRIla, FcyRlIlc, FeyRlIlIa,
and FcyRIIIb, mice only express FcyRI, FcyRIIIL, and FcyRIV as activating receptors [1]. Fc gamma receptor I (FcyRI) is expressed on
various immune cells and exhibits different effector activities on the target cell. It possesses three extracellular domains (D1, D2, and
D3), one transmembrane, and one intracellular domain. Structural studies confirmed that IgG binding interaction occurs in the D1 and
D2 domains of FcyRI and the lower hinge site of the Fragment crystallizable (Fc) region in IgG1. The binding interaction depends on the
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IgG subtype (IgG1, 2, 3, or 4) and the glycosylation profile of the antibodies, and FcyRI shows a nanomolar affinity towards IgG1-type
monoclonal antibodies [2].

FcyRI-related studies in the literature have focused on the therapeutic effects of the interactions with the IgGs [3-6]. A few studies
reported recombinant FcR production and proposed FcyRs as IgG-capturing agents [7-10]. For example, Brown et al. [11,12]
developed an Fc-based array containing antigen-conjugated beads to capture target antibodies in a polyclonal sample solution. Then,
the authors evaluated the effector functions of the specified antibodies through FcyRs on multiplex fluorescent beads. Boesch et al., on
the other hand [3], recovered serum IgGs through FcyRI, FcyRlIla, and FcyRIIla immobilized affinity columns and evaluated their
effector functions among various glycan profiles and subtypes of IgGs. They reported that FcyRI lost its binding activity after the
elution step, while other FcyR proteins retained their IgG binding activities. In another example, FcyRI was used for in vitro imaging of
cancer biomarkers, claudin-4, mesothelin, mucin-4, and cadherin-11 [13]. Recently, our group revealed the full analytical potential of
the FcyRI ectodomain as an IgG1l capture molecule and compared its performance with a well-known antibody-capturing ligand,
Protein A, under various experimental conditions [14].

In the current proof of concept study, we employed FcyRI ectodomain as a ligand molecule for Adalimumab (ADA) capture on a
plasmonic surface and investigated its capabilities and limitations for real-time Tumor necrosis factor-Alpha (TNF-a) detection. A
graphical illustration of the suggested detection method is presented in Fig. 1. TNF-a is a cytokine that exerts its biological activity in
homotrimer form by engaging Type 1 and Type 2 TNF receptors [15]. It regulates immune activities in normal cells, including
intracellular pathogen responses, cytotoxicity, and local inflammation. However, its overexpression is related to inflammatory re-
sponses and may result in Crohn’s disease and rheumatoid arthritis (RA). The TNF-a levels in serum have been studied as a biomarker
for autoimmune diseases, monitoring of the treatment, and the alleviation effect of anti-TNF-a agents [16-27]. ELISA is the most
preferred assay format for detecting TNF-a in serum samples. However, it takes many manual steps, and it is time-consuming. In
addition to that, other disadvantages are the single-use ELISA kits and labeled secondary antibodies required for the detection.
Therefore, various biosensor formats have been developed to detect TNF-a, some presented in Table S1 [17,18,21,25,26,28]. It is
important to note that the standard range of circulated TNF-« levels (usually in the picomolar range) may vary depending on the assay
used and the population being studied (elevated under abnormal conditions). Therefore, the reported levels of TNF-a in different
studies, including the current study, should be interpreted cautiously.

Many TNF-a sensing studies are based on the direct and random attachment of anti-TNF-« antibodies or anti-TNF-o aptamers to the
surface via EDC/NHS coupling reaction. Since the performance of the biosensor heavily relies on the proper orientation of the capture
element, the conjugation step is a significant factor in the assays. The binding interactions in the current study are assessed using a His
capture method for capturing His-tagged FcyRI molecules on a standard carboxymethyl dextran (CM) chip surface. Then, the ligand
antibody molecules are captured from their Fc regions through FcyRI molecules in a site-oriented manner, leaving antigen binding sites
free for further analyte interactions. A Protein A immobilized sensor channel was also used to compare the data sets in parallel. Several
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Fig. 1. A graphical summary of the suggested detection protocol.
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real-time ligand positioning, biosensor performance, and selectivity studies were conducted and compared on FcyRI and Protein A
immobilized surfaces.

2. Material & method
2.1. Material

N-(3-(Dimethylamino) propyl)-N"-ethyl carbodiimide hydrochloride (EDC), Sulpho-N-hydroxysuccinimide (NHS), ethanolamine
hydrochloride, and CM5-type dextran chip were acquired from Cytiva (USA).

His-tagged FcyRI (NSO-derived human Fc gamma RI, >95% purity), TNF-a (E. coli-derived human TNF-alpha protein, >97%
purity), and IL-1p (E. coli-derived human IL-1f, >97% purity) were purchased from R&D Systems (Minnesota, USA).

Protein A (Staphylococcus aureus, >95% purity), C1q (Complement component Clq from human serum, 95% purity), and
thrombin (Thrombin from human plasma) was bought from Sigma Aldrich (St. Louis, MO, USA). ADA (Humira Pen, 1126059) was
bought from AbbVie (Illinois, USA).

SPR running buffer, 1x HBS-EP, was prepared from 10xHBS-EP (0.1 M HEPES, 1.5 M NaCl, 0.03 M EDTA, and 0.5% v/v Surfactant
P20, pH 7.4, Cytiva) solution with distilled water.

2.2. Antibody binding analysis

SPR analysis was performed with a Biacore T200 instrument (Cytiva). ADA binding responses were compared with FcyRI captured
and Protein A immobilized surface. Protein A, the anti-His antibody, was immobilized on the CM5 (Cat no: 29-1496-03, Cytiva) chip
using the amine coupling reaction on the second, third, and fourth flow cells for the CM5 chip.

The anti-His antibody was immobilized for the FcyRI surface with EDC/Sulpho-NHS chemistry on Flow cell 2. Anti-His surface was
performed based on the manufacturer guide (His Capture kit, Cytiva). The chip surface was activated by a 1:1 mixture of EDC-NHS
reagents for Protein A immobilization. Then, Protein A was diluted to 25 pg/mL in 10 mM pH 5.0 acetate buffer (Cytiva) and
coupled through their primary amine groups to one flow cell. The residual activated carboxyl groups were blocked with 1 M
ethanolamine-HCI (Cytiva) on the dextran matrix.

FcyRI was captured on the active flow cells for the 60 s with a 10 pL/min flow rate at 22 °C. ADA (ADA) was injected at 15 nM
concentration for the 60s on blank and active flow cells. Three different concentrations (3.33 nM, 10 nM, 30 nM) of TNF-« protein
samples were injected into both flow cells (active and blank) with 60 s association and 300 s dissociation with 50 pL/min flow rate at
22 °C. The surface was regenerated with 10 mM pH 1.5 glycine (Cytiva) for 60 s. Results were obtained with the double referencing
method, where the presented data was subtracted from the zero-concentration sample and the blank surface.

The SPR data were presented as the mean value + standard deviation (SD) obtained from at least three sample measurements. The
kinetic parameters were calculated by Biacore Evaluation Software using the two-state binding model. Kp values from affinity analysis
were calculated using Biacore Evaluation Software (steady state affinity algorithm).

2.3. Concentration analysis

FcyRI was captured at 500 Response Unit (RU) on the active flow cell for 60 s with a 10 pL/min flow rate at 22 °C. ADA was injected
for the 60s on active flow cells with a 500 RU final response level on FcyRI and Protein A chip surfaces. Then, TNF-a sample solutions
were injected at six different concentrations (1.11 nM, 3.33 nM, 10 nM, 30 nM, 90, 270 nM) on blank, FcyRI, Protein A surfaces with
60 s association and 300 s dissociation with 50 pL/min flow rate at 22 °C. The surface was regenerated with 10 mM glycine (pH 1.5) for
60 s.

Also, TNF-a spiked samples were prepared with 0.02% BSA in 1X HBS-EP system buffer. Sample dilutions were prepared in 1.25%
BSA in 1X HBS-EP. The assay setup was performed as stated above, except for the 270 nM TNF-a sample solution. Results were obtained
with the double referencing method, where the presented data was subtracted from the zero-concentration sample and the blank
surface [29,30].

The calibration plots were fitted by non-linear regression to the four-parameter logistic(4-PL) equation (GraphPad Prism 5.0). The
limit of detection (LOD) is calculated from the three-time the SD of replicate measurements on blank samples [24]. The assay per-
formance was evaluated based on SD, the coefficient of variation (CV%), and the accuracy/recovery values.

SD
CV% =

x 100

Calculated mean [ TNF — o
Theoretical mean [TNF — af

Accuracy / recovery % = %100

2.4. Specificity analysis

Four proteins (Clq, thrombin, IL-1f, and TNF-a) were prepared in 1X HBS-EP system buffer at 30 nM concentration. Sample so-
lutions were injected on active chip surfaces (FcyRI and protein A) and blank surfaces with 60 s association and 300 s dissociation with
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a 50 pL/min flow rate at 22 °C.
The surface was regenerated with 10 mM glycine (pH 1.5) for 60 s. As stated earlier, Results were obtained with the double
referencing method, where the presented data was subtracted from the zero-concentration sample and the blank surface.

3. Results and discussion
3.1. Analytical comparison of FcyRI and protein a for antibody and antigen binding

ADA (Humira) is an IgG1-type monoclonal antibody that interacts with TNF-a with a high affinity (Kp: 107!). Therefore, it
effectively treats autoimmune diseases such as RA, Chron’s, Bechet, and Psoriasis. It blocks soluble TNF-a antigens for the exaggerated
inflammatory response in the tissue. ADA recruits effector functions (Complement-dependent Cell Cytotoxicity, Antibody-Dependent
Cell Cytotoxicity) upon engagement with transmembrane TNF-a on the target cell membrane [31,32].

The target antigen (TNF-a) was detected with SPR analysis by comparing two IgG1 capture ligands, FcyRI and Protein A. For this
purpose, the binding interactions were analyzed based on the Antibody (ADA) and antigen (TNF-a) binding responses. The FcyRI
ectodomain was captured on the anti-His antibody immobilized surface without affecting its critical binding activity (Fig. 2A). Protein
A was directly conjugated with EDC/NHS chemistry to the chip surface (Fig. 2B). Immobilized Protein A and captured FcyRI levels
were kept constant at 200 RU. As presented in Fig. 2C, the Protein A surface presented a 3-fold higher antibody binding response than
the FcyRI surface. This result could be explained by the structure of Protein A bearing five Ig binding domains. Even though Protein A
has 5 Ig-binding domains, studies showed that it could bind 2.1 to 3 IgG in solution due to the steric hindrance of IgG molecules [33]. In
addition to that, amine coupling randomly immobilizes proteins through free primary amines of Protein A. Thus, antibody binding
capacity is affected by both a steric hindrance and an immobilization strategy.

TNF-a binding response was two-fold higher in the Protein A surface than in FcyRI (Fig. 2D). A study performed an SPR assay to
show the efficiency of the anti-TNF- o agents in RA patient samples. TNF-a was immobilized with amine coupling to quantify anti-TNF-
o antibody molecules within RA patient samples. They reported that the SPR assay correlated with the ELISA assay. According to the
results, the TNF-a value for the control group was in the 10 to 20 RU range, and that of the RA patient group was 50-250 RU [34].

Next, we optimized critical assay parameters such as ligand concentration, TNF-a flow rate, and TNF-a concentration range. Kinetic
analyses were conducted at low ligand levels (150 RU). In addition to that, the TNF-a sample solution was injected at 50 pL/min to
reduce mass transport limitation on the chip surface [35]. TNF-a samples were prepared with a concentration range from 3.33 to 30 nM
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Fig. 2. Comparison of FcyRI and Protein A for ADA and TNF-a binding. (A) Schematic illustration of the binding analysis with anti-His antibody
surface. FcyRI was captured on an anti-His antibody immobilized surface. (B) Schematic illustration of the binding analysis with Protein A. (C)
Antibody (ADA) binding performances of FcyRI and Protein A ligands. (D) Antigen (TNF-a) binding performances of FcyRI and Protein A ligands
after ADA capture. All data were presented as the mean value obtained from at least three measurements. *p < 0.05, **p < 0.005.
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(3-fold dilution). The Kp values of kinetic analysis obtained from the two-state binding model for both ligands were in the 0.08-0.63
nM range for ADA and TNF-« (Table 1). The steady-state affinity values were 9.54 nM and 11.9 nM for FcyRI captured and Protein A
surface, respectively (Table 1). Sensorgrams obtained from these experiments are presented in Figure S1. Ogura et al. studied three
anti-TNF-a agents (etanercept, infliximab, and ADA) for their binding to the membrane form of TNF-a within Jurkat cells by SPR
analysis. One type of their assay was capturing anti-TNF-a agents on a Protein A immobilized chip surface. They obtained Kp values for
soluble TNF-a in the pM range (5.66-277 pM) for three anti-TNF-o agents [36].

3.2. Concentration analysis

A low antigen concentration could restrict the plasmonic response (RU), resulting in an inability to offer an adequate detection
window. In contrast, a larger concentration could cause a higher background response, diminishing the detection sensitivity [37].
Thus, the optimum amount of TNF-a was investigated in a concentration range, and the results are presented in Fig. 3.

Immobilized Protein A and captured FcyRI levels were kept constant at 500 RU. ADA was injected on these surfaces at 90 nM and
74 nM concentrations for FcyRI and Protein A ligands, respectively. Antibody (ADA) binding response at this step was 500 RU for both
ligand surfaces (data not shown). Then, TNF-a samples were injected from the lowest to the highest concentration. The binding
response for the assays was obtained through double referencing where a zero-concentration TNF-a (HBS-EP buffer) sample and the
reference channel responses were subtracted from the TNF-a sample responses.

High concentrations of TNF-a presented a curvature in the sensorgrams of both ligand surfaces, reaching a saturation of around 270
nM (Fig. 3A and B). A non-linear 4-parameter curve was obtained by plotting TNF-a concentration versus binding response (Fig. 3C).
The results were analyzed with a non-linear four-parameter equation with GraphPad. The half response of the maximum response
value, EC50, was found to be 13.2 nM for FcyRI and 18.4 nM for Protein A. Subsequently, the linearity was evaluated by plotting the
TNF-a concentration of the sample against the calculated TNF-a concentration (Fig. 3D and E). The correlation was higher with a good
correlation efficient value (R% 0.9916 and R%: 0.9927) for FcyRI and Protein A.

LOD values were calculated as 1.93 nM for FcyRI captured surface and 0.84 nM for Protein A immobilized surface. In the SPR
studies, the detection range was shown in the nM and pM range in various biological sample solutions (i.e., urine, serum, plasma) [38].
Our results were found in the nM range on both ligand surfaces. The anti-His antibody immobilized surface response decreased over
time (Figure S2 and S3). This was due to the unstable baseline with anti-His antibody, so a low concentration of TNF-a sample showed a
negative response when subtracted from the reference responses.

3.3. Detection of sensor accuracy and data variation

Table 2 presents the parameters such as accuracy/recovery and coefficient of variation (CV%) related to the concentration analysis
of TNF-a. Parameters were evaluated based on the 80-120% accuracy/recovery and <20% CV value condition. According to these
results, the FcyRI-captured surface gave a good accuracy/recovery rate and a low CV% value ranging from 3.33 to 90 nM (TNF-a).
Protein A ligand surface showed a similar performance except for the highest TNF-a concentration. A biolayer interferometry-based
TNF-a sensor study in the literature was performed with an aptamer-antibody pair to enhance the sensitivity of the biosensor.
Biotin-labeled DNA aptamer was captured on the streptavidin chip surface then TNF-a injected into the surface. An Anti-TNF-a
antibody injected aptamer-TNF-a pair on the surface for the enhancement step. They reported CV% values in the 3-8% range and
concluded that their biosensor was reproducible and stable [22]. Like FcyRI-captured surface results, there was a good recovery and
low standard deviations within the 0.25 nM-32 nM concentration range. LOD value was calculated as 0.0625 nM. The findings agreed
with the current analysis except for the highest TNF-a concentration sample.

The concentration analysis was also conducted with BSA (0.02%) containing HBS-EP buffer. Antibody (ADA) capture level was kept
at 500 RU for both ligand surfaces as in the HBS-EP condition. TNF-a spiking samples were prepared in 1.25% BSA containing HBS-EP
buffer to mimic real serum sample conditions. TNF-a spiking concentration range was 1.11-90 nM since previous concentration results
presented a high standard deviation and CV% value at 270 nM. TNF-a spiked samples were injected from lowest to highest concen-
tration on both antibody-captured ligand surfaces. The binding response was like the HBS-EP buffer condition in FcyRI captured and
Protein A immobilized surface (Fig. 4A and B). The studies with real serum samples stated that serum has a complex medium and could
interact with non-specific binding to the chip surface.

Table 1
Kinetics and affinity parameters related to TNF-a for ADA on FcyRI captured and Protein A immobilized chip surface. A standard two-state binding
model was used for kinetic parameters in Biacore Evaluation Software. A standard steady-state analysis was used in Biacore Evaluation Software.

KINETICS
Ligand ko x 10° (M~ 's7h) ko M 1571 kat x 1074 (s7h) kaz 571 Kp (nM) Chi? kt x (10%)
FcyRI 15.8 + 3.6 0.013 + 0.016 16.45 + 6.7 0.045 + 0.05 0.63 + 0.08 0.25 + 0.04 5.55 + 0.08
Protein A 14.1 + 0.9 0.002 + 0.002 0.75 + 0.18 0.009 + 0.02 0.008 + 0.02 0.1 + 0.02 2.32 + 0.005
AFFINITY

Ligand Rinax Kp (nM)

FcyRI 24.1 +2.3 9.54 + 0.6

Protein A 110 £ 1.6 11.9 £ 0.2
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Fig. 3. Comparison of TNF-a concentration analysis for FcyRI and Protein A ligand surfaces. (A) and (B) Representative SPR sensorgram of TNF-a
binding on ADA captured surface through FcyRI and Protein A chip surfaces, respectively. TNF-a spiked in the HBS-EP buffer from lowest to highest
concentration in duplicates. The surface was regenerated for each cycle with 10 mM glycine (pH 1.5) for 60 s. Results were obtained from double
referencing. (C) Calibration curve of TNF-a for FcyRI and Protein A surfaces. The linearity plot of TNF-a was calculated from the output of the
calibration curve analysis for FcyRI (D) and Protein A (E), respectively.

As shown in the binding response graph, there is no non-specific binding to the chip surface. A calibration curve for TNF-a was
presented in Fig. 4C and D by plotting TNF-o concentration versus binding response. The graphs were fitted with a non-linear 4-param-
eter curve, and the half response of the maximum response value was found to be 13.7 nM for FcyRI and 17.8 nM for Protein A. The
linearity plots presented a high correlation value (R 0.9816 and R%: 0.9977) for FcyRI and Protein A. Table S2 shows accuracy/
recovery and coefficient of variation (CV%) values related to the concentration analysis of TNF-a[NO_PRINTED FORM]. FcyRI
captured surface presented a good accuracy/recovery and low CV% value in the 3.33-90 nM TNF-a concentrations range. CV% was out
of the acceptable range for CV% at the lowest TNF-a spiked sample solution.

Protein A ligand surface covered a similar concentration range regarding good accuracy/recovery and low CV% rates. Hao et al.
[39] studied a graphene-based biosensing device using DNA aptamers for three cytokines (IL-6, IFN-y, TNF- o). LOD value was found to
be 611 fM in PBS for TNF-a. The study accomplished the sensitive and rapid detection of three cytokines in buffer and biofluid samples.
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Accuracy/recovery and coefficient of variation (CV%) values related to the concentration analysis of TNF-a on different surfaces. The calculated

concentration values are presented with the corresponding standard deviations (SD).

FeyRI-captured surface

TNF-o concentration (nM) Calculated concentration (nM) SD Recovery% CV%
1.11 0.95 0.12 85.4 12.2
3.33 3.52 0.10 105.8 2.86
10 9.83 0.09 98.3 0.87
30 30.6 0.26 102 0.87
90 87.6 7.51 97.3 8.57
Protein A-immobilized surface
TNF-o concentration nM) Calculated concentration (nM) SD Recovery% CV%
111 0.97 0.04 87.7 3.96
3.33 3.51 0.13 105.4 3.66
10 9.9 0.19 99.0 1.95
30 29.97 1.19 99.9 3.98
90 92.87 7.43 103.2 8.00
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Fig. 4. TNF-a concentration analysis for FcyRI and Protein A ligands in 0.02% BSA containing HBS-EP medium. (A) Binding response graphs of TNF-
o on ADA captured FcyRI and Protein A chip surfaces. TNF-a spiked samples were prepared in 1.25 %BSA containing HBS-EP buffer to mimic the
real serum samples. The samples were injected from lowest to highest concentration in duplicates. The surface was regenerated for each cycle with
10 mM glycine (pH 1.5) for 60 s. Results were obtained from double referencing. (B) FcyRI and Protein A ligand surface calibration curves are fitted
with a non-linear four-parameter equation on GraphPad Prism. (C) and (D) Linearity plots of TNF- « were calculated from the output of calibration
curve analysis using FcyRI and Protein A surfaces, respectively.

However, the sensor surface step preparation was long and complex. Another study with a plasmonic sensor showed a LOD value at the
fM level via integrating Ge,SbyTes material (GST) on the gold substrate but did not present a concentration range [27]. Deng et al. [23]
developed multiple cytokines (interleukin-1p, interleukin-6, and TNF-a) detection biosensors through fibers. The fibers were modified
with streptavidin to capture biotinylated targets antibodies. Fluorescently conjugated secondary antibodies monitored cytokine
detection. The detection range was 12.5-200 pg/mL, and LOD was 12.5 pg/mL.
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3.4. Target specificity analysis

The specificity of the TNF-a binding assay was evaluated by injecting C1q, thrombin, and IL-1p protein samples. Fig. 5A and B
shows that only the TNF-a sample specifically interacted with the ADA-captured surface in both ligands. The binding response of the
non-specific proteins for the anti-His immobilized surface was shown as a negative response (Figure S3). That could be explained by
the unstable baseline occurring due to using an Anti-His antibody immobilized surface, which was decaying throughout experiments.
Also, C1q accumulated on channel one (Fcl) contributed to the negative response after double referencing subtraction. Raw data from
blank samples and the Fc1 channel were presented in the supporting information file (Figure S2 and Figure S3). Results from the same
specificity analysis are shown in a bar chart in Fig. 5C.

Further, non-specific binding was checked for binding responses on the anti-His antibody immobilized flow cell via electrostatic
interactions between analyte and ligand [40]. Anti-his immobilized two flow cells were evaluated with a 30 nM TNF-« solution. There
is no non-specific binding (<4 RU response level) with an anti-His immobilized blank surface (Figure S4). A recent study was con-
ducted to minimize non-specific binding and enhance specificity via cell membrane coating. A bio affinity membrane layer was formed
red blood cell and macrophage cell membrane onto the electrode substance. They reported that TNF-o sensing was obtained from a
half-diluted serum sample without non-specific binding of the serum components. LOD value was calculated as 1.6 nM in this serum
sample [16]. Another study performed a charged lipid membrane coating over Protein A conjugated chip surface in the SPR method.
The charged lipid membrane (ethyl phosphocholine, EPC+) prevented non-specific binding in undiluted serum samples. The assay
proposed sensitively detecting cholera toxin through the site-directed IgG orientation with Protein A ligand [41]. It was reported that
Protein A could bind non-specific interaction with the Fab region of antibodies and other proteins, such as host cell proteins, within the
purification process of cell culture harvest [33]. Therefore, we suggested that FcyRI is a potential ligand property regarding antibody
binding capacity, specificity, and antigen-sensing properties.

4. Conclusion

Site-oriented antibody capture is important to enhance the antigen-binding performance of biosensors. Antibodies are usually
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immobilized on surfaces via cross-linking procedures, leading to the random orientation of the molecules on a given substrate. The
current study used the FcyRI ectodomain as a ligand molecule for ADA capture on a plasmonic sensor surface to detect TNF-a. Various
SPR analyses were conducted in parallel with Protein A, a well-known antibody-capturing ligand, to obtain a comparative performance
data set. In kinetic analysis, the Kp value was calculated as 0.63 + 0.008 nM using a two-state binding model for TNF-a. The con-
centration analysis of TNF-a resulted in a good recovery rate (90%-105%) and a low coefficient of variation (<8.5 CV%) in the
3.33-90 nM concentration range for both ligand surfaces. The assay specificity was evaluated by spiking three proteins (Clq,
thrombin, and IL-1f) in sample solutions. The analysis specifically responded to target TNF- a on FcyRI captured and Protein A
surfaces.

FcyRI presents potential advantages and disadvantages in the current prof of the concept study. While FcyRIa has a considerable
affinity for IgG1l-type monomeric monoclonal antibodies and can be used as a universal antibody linker, there is still room for
improvement in performance and stability. Because the FcyRI molecule used in the current study was His-tagged, we employed an anti-
His antibody to capture the FcyRI ligand on the surface, leading to the ligand decay due to the weak molecular interactions between the
His-tag molecules and the anti-His antibody. Alternative immobilization methods, such as biotinylating, could be explored further to
achieve more stable surface immobilization and orientation of the ligand molecule. In addition, Protein A performs better than the
FcyRI on the surface because it has five antibody binding sites. However, Protein A does not always bind the antibodies in a site-
oriented manner, and it cannot differentiate the monomeric antibodies from aggregates; thus, it could be groundbreaking to design
a new ligand with several FcyRI ectodomains, which could rival Protein A’s performance in the future.
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