
 
 

 
 

 
Eng. Proc. 2023, 56, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/engproc 

Proceeding Paper 

Bioengineered Monoclonal Antibody-Chitosan-Iron Oxide  

Bio-Composite for Electrochemical Sensing of Mycobacterium 

tuberculosis Lipoprotein (LpqH) † 

Resmond L. Reaño 1,*, Glenson R. Panghulan 1, Clydee Ann T. Hernandez 1 and Jeffrey P. Tamayo 2 

1 Department of Engineering Science, College of Engineering and Agro-Industrial Technology,  

University of the Philippines Los Baños, Laguna, PH, Philippines; grpanghulan@up.edu.ph (G.R.P.);  

cthernandez1@up.edu.ph (C.A.T.H.) 
2 Central Analytical Services Laboratory, National Institute of Molecular Biology and Biotechnology,  

University of the Philippines Los Baños, Laguna, PH, Philippines; jptamayo1@up.edu.ph 

* Correspondence: rlreano@up.edu.ph 
† Presented at the 10th International Electronic Conference on Sensors and Applications (ECSA-10),  

15–30 November 2023; Available online: https://ecsa-10.sciforum.net/. 

Abstract: In this study, an electrochemical immunosensor for the detection of the 19 kDa Mycobac-

terium tuberculosis lipoprotein LpqH was developed using a monoclonal antibody immobilized on 

chitosan-coated iron oxide bio-composite. The bio-composite is composed of magnetic iron oxide at 

its core and a non-magnetic thin film on the surface formed by chitosan, providing the chemistry 

for monoclonal antibody immobilization. Cyclic voltammetry was used to characterize and test the 

immunosensor assembly. Electrochemical measurements showed a strong relationship between the 

LpqH concentration in phosphate-buffered saline solution and the measured anodic peak current. 

The electrochemical immunosensor showed a limit of detection equal to 40 μg/mL (2 μM) LpqH. 
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1. Introduction 

Mycobacterium tuberculosis (MTb) is the cause of Tuberculosis (TB), an airborne infec-

tious disease that infects humans as a primary host [1]. MTb is an ancient pathogen that 

has been persistent due to its complex survival strategies in the living host and the envi-

ronment. It has developed a repertoire of culture filtrate antigens (Ag) that multiply as 

the disease progresses [2,3]. Among the notable TB antigens and biomarkers are CFP10, 

ESAT6, LAM, HBHA, HspX, and LpqH, which can be detected using serologic immuno-

assay [1]. 

LpqH is a mycobacterial lipoprotein, a bacterial secretion that is composed of mem-

brane-anchored proteins characterized by a lipobox motif [4]. LpqH also known as the 19-

kDa antigen, is an MTb outer membrane-anchored glycol-lipoprotein that has been shown 

to exhibit immunosuppressive functions. It has been well established that LpqH interacts 

with TLR1/TLR2 on the macrophage cell surface thereby regulating the host immune re-

sponse. Aside from that, LpqH acts as an adhesin that establishes the colonization and 

infection of MTb onto the host cell surface [5]. 

Antibody (Ab) has become a popular candidate for biosensor development due to its 

high affinity and specificity to its target. Enzyme-Linked Immuno-Sorbent Assay (ELISA), 

the gold standard for all immunoassays, is still popular and used worldwide in different 

fields of application, particularly in clinical diagnostics. With the advancement in analyt-

ical and bioanalytical chemistry, the incorporation of antibodies directly to the signal 

Citation: Reaño, R.L.; Panghulan, 

G.R.; Hernandez, C.A.T.; Tamayo, 

J.P. Bioengineered Monoclonal  

Antibody-Chitosan-Iron Oxide  

Bio-Composite for Electrochemical 

Sensing of Mycobacterium tuberculosis 

Lipoprotein (LpqH). Eng. Proc. 2023, 

56, x. https://doi.org/10.3390/xxxxx 

Academic Editor: Firstname Last-

name 

Published: 15 November 2023 

 

Copyright: © 2023 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Eng. Proc. 2023, 56, x FOR PEER REVIEW 2 of 6 
 

 

transducer’s surface gave birth to a combined immunoassay and biosensor technology 

termed as an immunosensor [6,7]. An immunosensor is a biosensor that uses an antibody 

as a capture element, wherein such antibody forms a stable immunocomplex with the an-

tigen, which results in the generation of a measurable signal given by the transducer. In 

contrast, in an immunoassay, the signal recognition from Ag-Ab interaction takes place 

elsewhere [8]. 

This study aimed to develop an electrochemical immunosensor for MTb LpqH detec-

tion using a bio-composite composed of a monoclonal antibody that is specific to LpqH 

(anti-LpqH) incorporated on iron oxide nanoparticles via bioengineering techniques. The 

study also aimed to assess the affinity of the anti-LpqH and the limit of detection of the 

proposed electrochemical setup. As of the writing, there is no literature available on elec-

trochemical immunosensors for MTb LpqH detection with or without clinical trials. The 

procedure also provides a cheap alternative to handling biological molecules by using 

magnetic iron oxide nanoparticles and chitosan as crosslinkers. The future direction of the 

study includes developing a more sensitive protocol for MTb LpqH detection by improv-

ing the electrode assembly and using electroactive labels. 

2. Materials and Methods 

The Mycobacterium tuberculosis (M.Tb.) 19 kDa recombinant and conserved form lip-

oprotein, an antigen precursor (LpqH) and the monoclonal anti-LpqH, IT-54, produced in 

vitro were obtained through BEI Resources, NIAID, NIH. The lipoprotein and the anti-

LpqH were diluted using PBS Buffer (10 mM phosphate, 138 mM NaCl, and 2.7 mM KCl 

at pH 7.4) purchased from Sigma-Aldrich (USA) in powdered form. The tween 20 used in 

creating an emulsion and for making 0.05% v/v PBS-tween buffer at pH 7.4 for blocking 

was purchased from Promega (USA). All other chemicals, including acids and bases used, 

were ACS grade and purchased from Sigma-Aldrich (USA), particularly those used for 

iron oxide and chitosan synthesis. 

2.1. Synthesis and Characterization of Monoclonal Antibody Immobilized on Chitosan-Coated 

Iron Oxide (AbMNP) 

Iron oxide (chemical formula: Fe3O4, abbr. as IONP) particles were prepared using 

FeCl3 and FeSO4 and following the methodology described by Hierro et al., 2018 [9]. Chi-

tosan was prepared using shrimp shells obtained from the local market, and sun-dried for 

2–3 days. The shells were demineralized, and chitin was extracted via the process de-

scribed by Varun et al., 2017 [10]. 

A 200 g of as-prepared IONP was mixed with 55 mL mineral oil, 1.2 mL tween 20, 

and 10 mL 1% w/v CS creating an emulsion. The mixture was sonicated and stirred for 35 

min. After recovering the CS-IONP bio-composite and washing with double distilled wa-

ter, 3 mL of 25% glutaraldehyde solution was added, and the mixture was stirred for 5 

hrs. Anti-LpqH (100 μg/mL) was added to the optimum amount of glutaraldehyde-acti-

vated CS-IONP, and the solution was incubated overnight at 4 °C. The AbMNP was iso-

lated, PBS-tween was added for blocking, and PBS solution for storage. 

The microstructure of the two samples, the bare IONP and the AbMNP were ob-

served using a Field Emission Scanning Electron Microscope (JSM-IT500HR, JEOL, Ja-

pan). The voltage used was 3.0 kV with each sample observed at 1000× and 15,000× mag-

nification. 

The samples were also tested using a Fourier Transform Infrared Spectrophotometer 

or FTIR (Shimadzu IR Prestige-21, Japan) with Attenuated Total Reflectance Accessory. 

2.2. Enzyme-Linked Immunosorbent Assay (ELISA) and Calculation of Dissociation Constant 

ELISA was performed using the conventional process, with IgG-Alkaline Phospha-

tase and pNPP tablet (Sigma, USA). The LpqH antigen (50μL at 20 μg/mL) was immobi-

lized on a Corning® Polystyrene High Bind Microplate (Corning Inc., USA) by incubation 
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overnight at 4 °C. PBS-tween (200 μL at 0.05% v/v) solution was added to the well and 

incubated for 1 h at room temperature to prevent non-specific binding. After blocking, the 

wells were washed with PBS-tween. 50 μL of anti-LpqH in binding buffer solution at var-

ious dilutions were added to each separate well with immobilized LpqH. The microplate 

was incubated for 1 h at 37 °C with gentle shaking. Each well was washed thrice with the 

PBS buffer. Then, the standard ELISA protocol for the addition of IgG-AP and pNPP was 

followed until a deep yellow color was developed. The absorbance was measured at 405 

nm. The apparent dissociation constant or 𝐾𝑑
𝑎𝑝𝑝 was calculated following the method de-

scribed by Orosz and Ovádi (2002) [11]. 

2.3. Cyclic Voltammetry and the Limit of Detection 

A single-use screen printed carbon electrode (SPCE) (Biogenes Technologies, Malay-

sia) was used to perform the electrochemical measurements. Various concentration of 

LpqH was prepared and allowed to interact with the monoclonal anti-LpqH on AbMNP. 

Cyclic voltammetry (CV) was performed using an electrochemical workstation Em4Stat 

(PalmSens, The Netherlands). The applied potential was varied between −1 to 1 V with a 

scan rate of 50 mV/s. All electrochemical measurements were performed using 1× PBS 

buffer. The limit of detection was calculated using the linearized curve of the anodic peak 

current. 

All calculations (linear regression, dissociation constant, limit of detection, and sta-

tistical analyses) were performed using a Python script. 

3. Results 

3.1. Synthesis and Characterization of Monoclonal Antibody Immobilized on Chitosan-Coated 

Iron Oxide (AbMNP) 

Figure 1 shows the FTIR transmittance spectra of the as-prepared IONP and the Ab-

MNP. The transmittance spectra within the 4000–400 cm−1 range were recorded for the 

samples. The wide band gap from 3700 to 3000 cm−1 and peak at 1645 cm−1 is attributed to 

the stretching vibration of –OH groups on the surface of the particles. The peak at 2937 

cm−1 corresponds to the –CH bond of CH2 bending. The peaks at 1455 cm−1 and 1366 cm−1 

represent the symmetric –CH3 deformation of chitosan. The peaks at 569 cm−1 and 459 cm−1 

are typical of Fe–O that correspond to the vibrations of tetrahedral Fe–O and octahedral 

Fe–O bonds. The band at 1070 cm−1 is attributed to the C–OH and C–O–C vibrations of the 

chitosan ring. 

 

Figure 1. FTIR spectra of bare Iron oxide (Fe3O4) and the monoclonal anti-LpqH covalently bonded 

on magnetic iron oxide via chitosan-glutaraldehyde crosslinking (AbMNP). 

The structural morphology of the IONP was investigated by scanning electron mi-

croscopy (SEM). Figure 2 depicts the surface images of the particles. Figure 2a,b showed 
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the as-prepared IONP consisted of agglomerated nanoparticles. Figure 2c,d showed that 

the nanoparticles are coated with chitosan molecules as shown with smoother lumps. 

  

(a) (b) 

  
(c) (d) 

Figure 2. The SEM images of bare IONP at (a) 1000× and (b) 15,000× magnification, and AbMNP at 

(c) 1000× and (d) 15,000× magnification. 

3.2. Determination of the Apparent Dissociation Constant (Kd) of the Monoclonal Anti-LpqH 

Using ELISA 

ELISA was performed to provide a quantitative analysis of the interaction of the anti-

LpqH and the M.Tb. lipoprotein LpqH by calculating the apparent dissociation constant 

(𝐾𝑑
𝑎𝑝𝑝) of the immunocomplex formation. Figure 3a. shows the relative absorbance meas-

ured for each anti-LpqH dilution titrated with the lipoprotein. The 𝐼𝐶50 was obtained at 

50% relative absorbance (𝑖 = 0.50) and is equal to 3.140, with the anti-LpqH exact dilution 

of 7.24 × 10−4. The 𝐼𝐶50 was used to calculate the corrected parameters of the linearized 

curve, with the slope 𝑚 = (
1

𝐾𝑑
𝑎𝑝𝑝) = 100.00 and the y-intercept (𝑏) = −1.8550. The value of 

the 
1

𝐾𝑑
𝑎𝑝𝑝 implies that with 1000–fold dilution, an effective performance of the anti-LpqH can 

be anticipated in detecting the LpqH lipoprotein using ELISA. This value was used as the 

basis for the dilution of the anti-LpqH used in the electrochemical biosensor. 
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(a) (b) 

Figure 3. (a) Plot of relative absorbance, 𝑖 vs. −𝑙𝑜𝑔10(10 ∙ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛), data obtained through ELISA. 

(b) The parameters of the linearized curve are shown following the method [11]. The corrected slope 

is (
1

𝐾𝑑
𝑎𝑝𝑝) = 100.00, upon using IC50 compute for the corrected y-intercept (−1.8550), which was used 

as linear regression constraint (Pearson correlation = 0.92). 

3.3. Cyclic Voltammetry and Determination of Limit of Detection 

The resulting voltammogram from testing of various MTb LpqH concentrations is 

shown in Figure 4a. The shift in the measured anodic current is highly recognizable as the 

concentration of the antigen increases. Using the anodic peak current, a linear curve was 

created as shown in Figure 4b. The limit of detection was computed as 2.0923 μM (39.7545 

μg/mL) Mtb LpqH. 

  

(a) (b) 

Figure 4. (a) Voltammograms of TB lipoprotein LpqH antigen precursor detection using AbMNP as 

bioreceptor, measured using 50 mV/s scan rate and screen-printed carbon electrode. (b) The plot of 

the anodic peak current with error bars and linearized curve for estimating the limit of detection. 

4. Discussion 

The AbMNP bio-composite acts as a nanocarrier and captures the target MTb LpqH. 

Using IONP as its magnetic core, AbMNP is easy to collect, wash, and handle using a 

simple magnet. Reports showed that IONP is electrocatalytic, thus it can promote the 

breakdown or release of the anti-LpqH upon interacting with the antigen and/or while 

current is applied. Biological molecules are non-conductive and their release from the bio-

composite’s surface supports electric conduction. The LOD can be improved further by 

optimizing the density of the anti-LpqH or by incorporating an electroactive or electrocat-

alytic label that can induce a redox reaction with the Ag-Ab interaction. 
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