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Abstract 

 

Tuberculosis remains a major global health concern, especially in the developing world, and 

monitoring/early detection of the disease relies on low cost technologies that provide rapid 

and accurate results. Mycobacterium tuberculosis is the responsible bacterial pathogen and it 

is currently estimated by the World Health Organisation (WHO), that one quarter of the 

world’s population, mainly in the developing world, is infected with TB. The overall aim of 

this work was to advance a screening electrochemical sensor for label free detection of 

Ag85B, a member of the Antigen 85 complex - major secretary protein of M. Tuberculosis 

and biomarker for disease. An indirect ELISA Ag85B assay was optimised with capture 

antibody and antigen levels determined via a checkerboard titration (0.625µg.ml-1 and 2.5 

µg.ml-1 respectively). Following assay development, crosslinking of the bioreceptor Anti-

Ag85B onto electrochemically deposited gold nanoparticle (AuNP) modified carbon 

electrodes was achieved and Ag85B binding successfully evaluated electrochemically via 

cyclic voltammetry. Following each modification step, ΔEp of a redox probe was monitored 

and overall results show that GCE/AuNP/anti-Ag85B electrochemical transducers are a 

viable method for Ag85B detection, capable of measuring antigen levels < 2.5 μg.mL-1. 

  

This paper is part of the JSS Focus Issue on Solid-State Materials and Devices for Biological and 

Medical Applications.  
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Introduction 

TB is a major global threat and according to the WHO approximately 1.7 million annual 

deaths are attributed to TB [1] with the disease being most prevalent in Asia (58%) and the 

African region (28%). TB is transmitted from person to person through the air and signs and 

symptoms of pulmonary TB include a fever, chronic coughing, weight loss and haemoptysis 

(coughing up blood) [2]. Emergence of multi-drug resistant strains and co-infections with 

human  immunodeficiency (HIV) make for high prevalence and early diagnosis is key for 

disease control. Importantly, TB can exist both as an active and latent disease and the  

Mycobacterium tuberculosis life cycle can be separated into three main stages, latent, 

reactivating and active TB. Active TB is responsible for the symptoms mentioned above 

while patients suffering latent TB show no signs or symptoms of the disease but  are at risk of 

developing the active form of the disease [3]. In order to treat an infection effectively it is 

paramount that accurate and timely diagnosis is performed, preferably at the point of care 

(POC). In high-burden, resource-limited countries sputum smear microscopy is used as a 

primary tool provided there are suitable facilities and a trained microscopist on site with the 

need for patients to make several visits for accurate diagnosis.  The WHO reports that in 

high-burden countries a significant number of patients fail to return to collect their smear 

microscopy results. Xpert MTB/RIF has been reviewed as a rapid test concluding the urgent 

need for new diagnostic strategies [4,5]  and development of POC technologies that should 

allow for rapid diagnosis of a patient at the point where they present themselves, thus 

allowing for treatment to be delivered in a timely and effective way. 

 

The use of antibodies in TB detection have been considered in the development of a POC 

diagnostic tool and there have been numerous serological tests (Rapid-kit test and ELISA 

based test) methods developed as POC diagnostic tools [6,7]. International standards for TB 

have discouraged the use of serological tests as they have been deemed to be inaccurate and 

inconsistent [8]. The limitations experienced in antibody detection methods have led to the 

development of antigen based detection methods. Urine lipoarabinomannan (LAM) antigen 

has been the first and only commercially available antigen detection assay to date. The Alere 

Determine TB-LAM kit POC diagnostic tool was evaluated recently by Sahle et al in relation 

to its sensitivity when used in patients with HIV co-infection [9].  
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It is evident that there is an ever-growing need to contribute to further  on-site diagnostic 

tools based on a range of biomarkers – all of which can contribute to TB screening and 

diagnostics. Antigen 85 complex is the most abundant secretary protein of M. tuberculosis. 

The complex consists of three major proteins, Ag85A (32 kDA), Ag85B (30 kDA) and 

Ag85C (32.5 kDA). Of these three proteins present in the complex, Ag85B is the most 

abundant protein [10].  Ag85A, Ag85B and Ag85C are mycolyl -transferases (family of 

proteins), which are responsible for the synthesis of cell wall components in M. tuberculosis. 

These proteins belong to the CMN (Corynebacterium, Mycobacterium and Norcardia) 

genera. The cell walls, of organisms present in the CMN genera are comprised of 

interconnected peptidoglycan and polysaccharide-mycolate complex and are characterised by 

mycolic acid present on the surface of the cell wall. Mycolic acids are long chain fatty acids 

that are present in the cell wall envelope and are responsible for pathogenesis and survival of 

the organism in a host cell. The Mycobacterium cell envelope contains mycolic acid 

comprising of ~60-90 carbons [11].  A study by Zhang et al examined new biomarkers 

including Ag85B in the serodiagnosis between active and latent TB infection,  concluding 

that a combined test of multiple M. Tuberculosis secreted proteins may be used as screening 

antigens for active TB for early diagnosis or screening of h risk population [1]. Other studies 

have confirmed the presence of the Ag85 complex in the serum of patients, offering a 

trustworthy TB diagnosis without false positives of other non-TB diseases [12]. 

 

The focus of this work was to establish (for the first time) the feasibility of an 

electrochemical assay for Ag85B based on immunoassay development followed by antibody-

antigen binding studies with the aid of cyclic voltammetry. While immunoassays are a 

fundamental tool for clinical analysis, they require the need for highly skilled specialised staff 

and the use of desktop equipment in a laboratory setting for generation of optimum results. 

However, in most remote areas where critical analysis is crucial, often analysis cannot be 

performed due to the lack of trained personnel or suitable facilities. The development of 

miniaturised analytical devices such as immunosensors can overcome the need for skilled 

personnel and use of expensive laboratory equipment.  Electrochemical immunosensors are 

of particular interest due to their high sensitivity, low cost, miniaturisation and simplicity 

during fabrication [13]. Wang et al. described the detection of LAM antibody for the 

determination of TB. Detection was performed at disposable screen printed electrodes using 
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Table 1 Iox ,Ired and ΔEp values of [Fe(CN)6 ]3-/4-
 redox couple for range of electrode 

modifications. 

Electrode  Iox (μA) ΔIox 

(μA) 

Ired (μA) ΔIred 

(μA) 

ΔEp(mV) 

GCE 99.01 - -98.86 - 134.50 

GCE/AuNPs 115.20 16.19 -110.40 11.54 119.80 

GCE/AuNPs/MPA 84.69 30.51 -82.81 27.59 240 

GCE/AuNPs/MPA/Anti-

Ag85B 

76.43 8.26 -81.35 1.46 265.50 

GCE/AuNPs/MPA/Anti-

Ag85B/BSA 

60.62 15.81 -64.87 16.48 487 

GCE/AuNPs/MPA/Anti-

Ag85B/BSA/Ag85B 

54.06 6.56 -56.88 7.99 499.40 

 

 

 

 

 

 

 

 

Fig. 9 Bar chart illustrating the change in ΔEp, (a) GCE (b) GCE/AuNPs, (c) 

GCE/AuNPs/MPA, (d) GCE/AuNPs/MPA/Anti-Ag85B, (e) GCE/AuNPs/MPA/Anti-

Ag85B/BSA, (f) GCE/AuNPs/MPA/Anti-Ag85B/BSA/Ag85B where n = 3. 
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