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Abstract: Tuberculosis (TB) is a major global public health problem with an estimated one-third of the world’s popu-
lation infected with Mycobacterium tuberculosis, thus necessitating fast and accurate diagnosis of TB. However, the 
diagnosis of latent infection remains difficult due to the lack of a simple, reliable test for M. tuberculosis infection. 
The objective of the current study was to generate and characterize a novel monoclonal antibody (mAb) that specifi-
cally target the early secretory antigenic target 6 (ESAT-6) protein for tuberculosis (TB) immunological diagnosis. The 
BALB/c mice were immunized by a peptide with 13 amino acids (amino acid residues 24 to 36) of ESAT-6 protein. 
Stable hybridomas cell lines were established and mAb was identified by Western Blot, immunoprecipitation (IP) 
and Enzyme linked immunosorbent assay (ELISA). In addition, this mouse mAb was used to coat plates, and biotin-
labelled polyclonal antibodies were used to detect the antigens. Finally, the antibody was verified in 280 patient 
sputum culture supernatants and pleural effusion aspirates. The positive detection rate of the generated ESAT-6 
mAb was 91% in the clinical diagnosis of tuberculosis pleural effusion, and this mAb had a sensitivity of 92.4% 
and a specificity of 100% in all M. tuberculosis cases. Our data indicated that the mAb generated in this study can 
potentially serve as a tool in the laboratory diagnosis of TB.
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Introduction

Tuberculosis (TB) is a major global public health 
problem, and it is estimated that one-third of 
the world’s population is infected with My- 
cobacterium tuberculosis (M. tuberculosis) [1]. 
The major cause of TB is M. tuberculosis which 
is an intracellular pathogen. Fast and accurate 
diagnosis of TB is an important element in con-
trolling this disease. However, the diagnosis of 
latent infection remains difficult due to the lack 
of a simple, reliable test for M. tuberculosis 
infection. Currently, M. tuberculosis infection 
can be diagnosed with the help of the tubercu-
lin skin test (TST) using purified protein deriva-
tive (PPD), but this conventional method has 
known limitations in accuracy and reliability. 
Furthermore, interpretation of serial TST results 

is complicated by non-specific variation and 
because of its intradermal application, by 
potential boosting from precedent tests [2]. 
Conversion of the PPD reactivity from negative 
to positive challenges the clinician [3].

Genome of M. tuberculosis H37Rv consists of 
16 regions of differences (RD) ranging from 2 to 
12.7 kb, which are deleted in most BCG vari-
ants and members of TBC [4]. Nine of the RDs 
(containing 61 ORFs) are absent from all the 
BCG strains as well as all virulent M. bovis 
strains [4]. One key deletion, RD1, was missing 
from all the BCG strains but present in all other 
M. tuberculosis complex members including M. 
bovis [4]. The RD regions are largely responsible 
for the heterogeneity in their epidemiological 
and clinical behavior. The RD1 locus plays a key 
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Figure 1. The mAb isotype, determined by a mouse 
monoclonal isotyping kit, was an IgG2b with a Kappa 
chain.

role in the virulence of M. tuberculosis [5]. 
Among the major antigens of RD1 locus, com-
parative genomic studies have revealed two 
genes, early secretory antigenic target 6 (ESAT-
6) and culture filtrate protein 10 (CFP-10) exclu-
sively present in several pathogenic mycobac-
terial species, including M. tuberculosis and 
non-tuberculosis species [6]. ESAT-6 is the best 
characterized protein within the RD1 region. It 
has been recognized that ESAT-6 can induce a 
strong T-cell-mediated immune response both 
in vitro and in vivo [7]. Also, it has been pro-
posed as a tool for diagnosis of M. tuberculosis 
infection and frequently used in enzyme-linked 
immunospot assay (ELISPOT) [8, 9].

Based on these findings, we proposed that 
ESAT-6 could be acted as a target for develop-
ing novel mAbs in TB immunological detection. 
Specific mAbs against M. tuberculosis may 
prove to be ideal reagents for diagnosing TB 
infection. In the present study, we generated 
and characterized a new mAb that specifically 
anti ESAT-6 protein. This development has 
great utility for immunoblotting, IP and ELISA. 
Moreover, the isotype of this mAb was an IgG2b 
with a kappa chain. Clinical validation of this 

mAb showed that it has highly detection and 
sensitivity rates of ESAT-6 in TB cases. Thus, 
this mAb will provide a powerful tool for the 
laboratory diagnosis of TB infection.

Materials and methods

Bio-synthesis of the target peptide 

The target peptide consisted of 13 amino acids 
(aa), ranging from 24 to 36 residues of ESAT-6 
protein (aa sequence: SIHSLLDEGKQSL), was 
synthesized by a conventional solid-state reac-
tion technique (Applied Biosystems, Inc., CA, 
USA), based on the widely used Fmoc strategy 
(optimized for antigenicity and specificity), 
using the Wang resin as the solid support [10]. 
After synthesis, the peptides were cleaved from 
the resin and purified in High Performance 
Liquid Chromatography (HPLC), and the mass 
spectrometry (MS) was carried out to evaluate 
the quality of the synthesized peptides (purity > 
95%). 

Immunization of mice

BALB/c mice were obtained from Shanghai 
Experimental Animal Centre of the Chinese 
Academy of Sciences (Shanghai, China). Animal 
experiments were performed in accordance 
with the guidelines of the Chinese Council on 
Animal Care and approved by Hangzhou First 
People’s Hospital Committees on Animal Ex- 
perimentation. The female mice, six weeks old, 
receiving the regular injections of 0.2 ml ESAT-6 
antigen were immunized one time with a two-
week interval, repeated four times. Six weeks 
after enhanced immunization, the mice were 
killed and the lymphoblasts were obtained from 
the spleen for the next fusion stage.

Generation of anti-ESAT-6 mAb

Mouse myeloma Sp2/0 cells were purchased 
from American Type Culture Collection (Mana- 
ssas, VA, USA), and was grown in RPMI 1640 
medium (Invitrogen, Carlsbad, CA, USA), sup-
plemented with 10% fetal bovine serum (FBS). 
One day before fusion, the peritoneal macro-
phages from the normal BALB/c mice were 
used as feeder layer cells. Spleen cells from 
immunized animals were fused with Sp2/0 
myeloma cells according to the protocol that 
had been previously described [11]. More than 
100 independent hybridomas were obtained 
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from two fusions. Positive hybridomas clones 
were selected by coating-antigen ELISA. To ob- 
tain the stable mAb-expression hybridomas, a 
limiting dilution was performed. The pristine-
primed BALB/c mice were injected intraperito-
neally with 5×106 hybridoma cells per mouse to 
acquire abundant mAbs. Ten days later, the 
ascitic fluid was collected and mAbs were puri-
fied using a Protein A/G affinity column, accord-
ing to the manufacturer’s instructions [12]. 
Antibody isotypes were identified using a 
Mouse Monoclonal Antibody Isotyping Test Kit 
(AbD Serotec), according to the manufacturer’s 

instructions. After purification, the mAb was 
biotin-labelled using biotin labelling reagent 
according to the manufacturer’s protocol (The- 
rmo Scientific, Huntsville, AL).

Characterization of anti-ESAT-6 mAb 

Co-Immunoprecipitation (Co-IP) was performed 
to characterize the anti-ESAT-6 mAb. Individual 
samples (1 μg recombinant protein/sample) 
were subjected to immunoprecipitation by ESAT- 
6 mAB (1 μg/sample) that were coupled to pro-
tein G Sepharose beads. The immunoprecipi-
tates were resolved by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
and immunoblotted with specific goat anti-
ESAT-6 antibody followed by detection through 
an enhanced chemiluminescence reaction. Re- 
sults were recorded and analyzed by VersaDoc 
MP5000 Imaging System (Bio-Rad Laboratory, 
Hercules, CA, USA).

Clinical validation

Thirty-eight sputum culture supernatants posi-
tive for M. tuberculosis but negative for other 
mycobacteria, twenty sputum culture superna-
tants negative for M. tuberculosis but positive 
for other mycobacteria and twenty-two samples 
which were diagnosed as tuberculous pleural 
effusion were obtained from Red Cross Hospital 
of Hangzhou, China. All patients were diag-
nosed according to the American Thoracic 
Society guidelines [13] and Small et al. [14]. 
Twenty-four sputum culture supernatants nega-
tive for M. tuberculosis but positive for other 
mycobacteria and twenty clinically diagnosed 

Figure 2. A. IP-Coomassie Stain. B. IP-western blot detection of the cultivation of the mAb raised against the ESAT-
6 protein in hybridoma cells. M = Marker, lane 1 = ESAT-6/CFP-10 fusion protein, lane 2 = recombined ESAT-6 
protein, lane 3 = Mycobacterium tuberculosis culture supernatant, lane 4 = Tuberculous pleural effusion, lane 5 = 
Bird intracellular mycobacterial lysis protein, lane 6 = Kansas mycobacterial lysis protein, lane 7 = Lysis protein of 
Mycobacterium tuberculosis.

Figure 3. Standard curve of ESAT-6 generated by ELI-
SA. Different concentrations of ESAT-6 protein were 
used as standards, and the biotinylated polyclonal 
antibody was used as a detection antibody. Results 
were visualized by adding streptavidin-HRP and TMB 
substrates and the optical density of the plates was 
read at 450 nm using an ELISA reader.
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Table 1. Results of ELISA kit development that was tested on clinical samples used in this study

Tuberculosis status Sub-
jects n

Positive  
for ESAT-6

Sputum culture supernatants positive for Mycobacterium tuberculosis 65 65
Sputum culture supernatants negative for M. tuberculosis but positive for other mycobacteria 65 0
Clinical diagnosis of tuberculous pleural effusion (sputum culture-positive for M. tuberculosis) 50 46
Clinical diagnosis of tuberculous pleural effusion (sputum culture-negative for M. tuberculosis) 50 0
Clinical diagnosis of non-tuberculous pleural effusion 50 0
ELISA, enzyme linked immunosorbent assay; ESAT-6, early-secreted antigenic target 6.

non-tuberculous pleural effusion samples were 
obtained from patients as health controls from 
Hangzhou First People’s Hospital. Informed 
written consent was obtained from all partici-
pants. The mAb against ESAT-6 in pleural fluid 
and culture samples were tested using the 
ELISA method.

Results

Isotype of mouse mAb against ESAT-6

The hybridomas that reacted selectively with 
ESAT-6 in all assays were further evaluated. 
The isotype of this mAb, determined by a Mouse 
Monoclonal Antibody Isotyping Test Kit (AbD 
Serotec), was an IgG2b with a kappa chain 
(Figure 1). 

Characterization of mAb anti-ESAT-6

We further used co-immunoprecipitation and 
ELISA approaches to characterize the newly 
generated anti-ESAT-6 mAb. Figure 2 indicates 
the mAb can specifically interact and identify 
ESAT-6 and CFP-10-ESAT-6 fusion proteins [15], 
which also revealed that this mAb can specifi-
cally recognize ESAT-6 in different M. tuberculo-
sis. We also generated a standard curve for 
calculating the expression of ESAT-6 from each 
sample set that was assayed (Figure 3).

ELISA method based on mAb in the clinical 
detection of M. tuberculosis

The sandwich ELISA that we previously devel-
oped [15] showed that the ESAT-6 mAb test had 
a sensitivity of 92.0% and a specificity of 100% 
in all M. tuberculosis cases. As summarized in 
Table 1, the positive detection rate of ESAT-6 
was 92% (46/50) in the clinical diagnosis of 
tuberculous pleural effusion.

Discussion

Currently, the time-consuming M. tuberculosis 
culture (4-8 weeks) remains the gold standard 
in the diagnosis of active TB disease. Late diag-
nosis and treatment of M. tuberculosis increase 
the risk of disease dissemination and decreas-
es the survival of some subgroups of patients 
[16, 17]. Therefore, early diagnosis and treat-
ment of TB patients are crucial for the control of 
TB spread. Various studies have been under-
taken to develop serodiagnostic test using pro-
teins of M. tuberculosis which are known to be 
immunodominant and early markers for TB 
[18]. 

These years, comparative genomic studies 
using subtractive DNA hybridization [19] and 
DNA microarray [4] have identified several M. 
tuberculosis-specific genomic regions of differ-
ence (RD), designated RD1 to RD16, which are 
absent in the vaccine strains of M. bovis bacil-
lus Calmette-Guérin (BCG), indicating that the 
RD-encoded recombinant proteins may be use-
ful for improving the sensitivity and specificity 
of serodiagnosis TB. RD1 presented in all viru-
lent members of M. tuberculosis and M. bovis 
[20]. Several antigenic proteins of M. tuberculo-
sis encoded by genes located in RD1 have 
potential for specific diagnosis of TB. The best-
studied RD1 proteins are ESAT-6 and CFP-10, 
both of which elicit strong T-cell and B-cell 
responses in experimental animals and hu- 
mans [21, 22]. ESAT-6 and CFP-10 are domi-
nant antigens that induce the secretin of IFN-γ 
specific to tuberculous mycobacteria and are 
absent from many environmental non-tubercu-
lous mycobacteria [8]. Previous studies showed 
that the recombinant ESAT-6/CFP-10 fusion 
protein is useful for detection tuberculous cat-
tle in herbs with pre-existing sensitization to M. 
avium or M. avium subsp. paratuberculosis.
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In the present study, we developed a novel mAb 
against ESAT-6 by employing a monoclonal anti-
body technique. Considering ESAT-6 is a rela-
tively small antigen, we therefore generated a 
13 lengthened peptide using a solid-state reac-
tion approach and immunized the BALB/c mice 
to gain abundant antibody. We further generat-
ed the hybridomas using a conventional meth-
od. We also immunized the mice of the hybrid-
omas to get enough mAb and the specificity of 
this mAb was evaluated by ELISA, IP and 
Western Blot.

Our results suggested that this mAb was reac-
tive in both IP and Western Blot, and clinical 
validation of this mAb showed that it could be 
used as a potential tool to detect TB. Compared 
to a previous study of generation the novel 
mAbs to ESAT-6 and CFP-10 antigens [14], the 
mAb generated in this study has a positive 
detection rate of 92.0% (46/50) and a negative 
detection rate of 100%. The mAb has a much 
higher sensitivity than the ESAT-6 and CFP-10 
in the ELISA test for TB detection. The tubercu-
lin skin test (TST) using purified protein deriva-
tive (PPD) is most commonly used test for TB, 
but this conventional method detection is of 
limited use in China because of the high BCG 
vaccination rates and ensuing false positives 
with the TST. In conclusion, we prepared and 
identified a novel mAb that could be used in TB 
diagnosis.
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