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SUMMARY 

Mycobacterium tuberculosis, an aerobic bacterium, is responsible for the cause of 

tuberculosis (TB) worldwide. Tuberculosis still remains to be one of the major causes of 

morbidity and mortality today. For an effective management of tuberculosis, rapid diagnosis 

and disease containment is essential. However, as tuberculosis immune response is 

heterogeneous, evaluation of multiple protein antigens from Mycobacterium tuberculosis is 

indispensable. During this project the efficiency of six protein antigens was evaluated after 

their production and purification from E. coli; with the perspective of identification of 

potential antigens to be used in TB disease diagnosis. 

Genomic DNA was isolated from Mycobacterium tuberculosis culture and this DNA 

was used for polymerase chain reaction (PCR) amplification of selected three genes encoding 

antigenic proteins TB16.3, echA1 and PstS1. Cloning of amplified gene products into T7 

promoter containing vector and expression in E. coli was successfully done. The level of 

expression of the proteins TB16.3, echA1 and PstS1 was 32%, 28% and 15%, respectively of 

the total cell proteins. Purification of recombinant proteins was done through affinity 

chromatography and polyclonal antiserum was raised in rabbits against each recombinant 

antigen. The individual antigens TB16.3, echA1 and PstS1 showed sensitivities of 29%, 

25.5% and 36.6%, respectively in enzyme-linked immunosorbent assay (ELISA) against TB 

patients. 

PstS1 antigen is one of the earliest known immune-dominant antigens of 

M.tuberculosis that has also been used in serodiagnostic tests. It also showed highest 

sensitivity among the three antigens evaluated in this study. A truncated version tnPstS1, was 

produced by removing 96 and 14 amino acid residues from the N- and C- terminals, 
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respectively of the native PstS1. The native and the truncated 29.5 kDa proteins were 

expressed in insoluble forms in E. coli to levels of 25% of the total cell proteins. tnPstS1 

reacted equally well with the antisera raised in rabbit against the native protein. PstS1 and 

tnPstS1 were evaluated through ELISA against plasma samples from culture positive 

tuberculosis patients and controls. With tnPstS1 about 43% of the patient samples were 

detected positive for the antibody as compared to only 36% in the case of the native PstS1. 

Data for the secondary structures of the native and the truncated variants as obtained by 

circular dichroism agreed with the known 3-D structure of the native protein and the 

predicted structure of the truncated version, respectively. This showed that the truncated 

tnPstS1 is more efficient as compared to the native PstS1 for use as a serodiagnostic agent.  

Two fusion constructs TB16.3-echA1 and TB16.3-tnPstS1 were constructed and 

assessed to detect antibodies in plasma as a diagnostic method for tuberculosis. DNA 

fragments encoding TB16.3 and echA1 gene regions corresponding to proteins TB16.3 and 

echA1 from M.tb were amplified through PCR. Through a series of restrictions and ligations 

two novel fusion constructs TB16.3-echA1 and TB16.3-tnPstS1 were produced and 

expressed in E. coli  at levels of 27% and 30%, respectively of the total cell proteins. These 

were screened for detection of antibodies in human plasma of 180 TB patients in comparison 

to individual proteins. The fusion protein TB16.3-tnPstS1 and TB16.3-echA1 showed 

sensitivities of 40.0% and 47.2%, respectively. Lower sensitivity in case of TB16.3-tnPstS1 

seems to be due to a structural arrangement between the two proteins, which is likely to mask 

several of their epitopes. The higher sensitivity of TB16.3-echA1 appears to be due to lesser 

interaction between the two proteins thus allowing free availability of epitopes for binding 

antibodies. 64% of TB patients were found positive for either one of the two fusion proteins 

TB16.3-echA1 and TB16.3-tnPstS1. This study indicated that the novel fusion protein 
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TB16.3-echA1 has a potential in serodiagnosis of TB with improved sensitivity and 

reliability. 

The serodiagnostic evaluation of TB16.3, echA1 and PstS1 in TB patients and 

controls, extended the knowledge of antibody response in Pakistani population. In 

conclusion, data presented in this study regarding the higher expression level of improved 

tnPstS1 and TB16.3-echA1 antigens in E. coli, a simple refolding and purification protocol 

for purification of these protein, as well as the higher sensitivity of these novel antigens, are 

promising in reducing the cost for the detection of the antibody and thus in the diagnosis of 

tuberculosis. 
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SECTION I       

INTRODUCTION AND LITERATURE REVIEW 
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1.1    INTRODUCTION 

Mycobacterium tuberculosis (M.tb) is a slow-growing intracellular pathogen, when allowed 

to multiply, can cause tuberculosis (TB) in human beings. M.tb belongs to genus 

Mycobacteria, these have high lipid content in their cell wall and belong to acid fast group 

of bacteria. The genome sequence of the type strain M. tuberculosis H37Rv (1) revealed 

4,411,529 bp genome with high (65.5%) guanine plus cytosine (G+C) content. Tuberculosis 

(TB) is a major cause of morbidity and mortality around the world. Infection with 

Mycobacterium tuberculosis passes through several stages. In most cases, host defences 

either clear infection or drive it into a chronic, latent state that is asymptomatic and 

potentially long lasting. Subsequent weakening of host immunity allows reactivation of 

disease, which typically localizes in the lung (2).  

One in ten people infected with TB bacilli become sick with active tuberculosis in 

their lifetime. According to WHO global report published in October 2013, there were 8.6 

million cases of tuberculosis in 2012. Among 1.3 million deaths caused by TB, 0.3 million 

people were HIV-positive, while an estimated 450000 people were effected with multidrug-

resistant TB (MDR-TB) during 2012. Pakistan ranks 5
th

 among high TB incident countries. 

According to recent report by WHO an estimated 410,000 people fell ill with TB, while 

62,000 people died due to TB in Pakistan (3).  

Conventional methods to diagnose tuberculosis include sputum smear microscopy, 

X-ray examination, and bacterial culture. Each of the diagnostic procedure has its own 

advantages and disadvantages. In 2012 there were 2.9 million cases were missed i.e. people 

who were either not diagnosed or diagnosed but not reported to national tuberculosis control 

programme (3). Pakistan is fourth in order to miss TB cases. The key steps to containing the 



3 

 

 

 

spread of TB are rapid diagnosis, efficient treatment and improved vaccine development. 

Humoral immune response against M.tb results in production of antibodies in human blood. 

The detection of these antibodies through serological methods using protein antigens is 

rapid, simple, cost effective and particularly important in situations when patient is unable 

to produce sufficient sputum.  

Several purified antigens of M.tb have been assayed, including proteins, 

lipopolysaccharides and glycolipids. To date, however, there is no single antigen that has 

provided sufficiently high sensitivity and specificity values for diagnostic purposes, that is 

why a single antigen can not to be used to devise a serodiagnostic test for TB (4, 5). It has 

also been reported that the titers of antibodies to each antigen differ in individuals and the 

detection of low titers of antibodies would be obstructed due to the formation of immune 

complexes (6, 7). As the antibody responses to M. tb infections are heterogeneous, the 

practical sensitivity and specificity in serodiagnostic tests may be achieved only by a 

combination or fusion of several antigens. Thus, alternate method in addition to exploration 

of new antigens is to enhance the sensitivity of known proteins either by modification or by 

fusion with another antigen.  

With the perspective to develop an improved immunoassay, three M.tb protein 

antigens, a well-established immunodominant PstS1 and the two newly recognized TB16.3, 

echA1 alone as well as their modified protein construct were cloned and expressed in E.coli. 

The three individual M.tb proteins and three of modified proteins were characterized for 

their immune response in TB patients and healthy persons from the high TB burden region 

i.e. Lahore and its outskirts in Pakistan.   
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1.2 LITERATURE REVIEW 

 

1.2.1 Mycobacterium tuberculosis 

M. tuberculosis is a metabolically flexible bacterium, that has survived the past and its 

spread is still unmatched to any other bacterial pathogen. There are a number of properties 

of M.tb that make this  pathogen unique including, extraordinary stealth,  distinctive cell 

wall constituents and capacity to adapt to environmental changes such as nutrient 

deprivation, various exogenous stress conditions, hypoxia and the intraphagosomal 

environment, throughout the course of infection. Mycobacterial cells are irregular rods 0.3-

0.5 mm in diameter (8). Gutierrez et al., have resolved that the progenitor of M.tb emerged 

about 3 million years ago from an array of mycobacterial species (9). Present day TB is 

caused by six or seven clades of M.tb, having different geographic origins (10). 

  In 1998, the genome of M.tb H37Rv, a widely used reference strain, was completely 

sequenced (11). Strain H37Rv genome comprises more than four million base pairs with 

more than 4000 genes. In total, 4016 open reading frames were identified in the genome, 

constituting of more than 90% of the potential coding capacity (1). The M. tb genome 

deciphered unique features of this bacterium. About 6% (more than 200) of total genes were 

annotated to encode enzymes for the metabolism of fatty acids (Table 1.1). About 100 genes 

of M.tb were predicted to function in the degradation of fatty acids, while E. coli has only 

50 enzymes involved in fatty acid metabolism (11). That number of genes involved in fatty 
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acid metabolism, gives its genome unique feature. Another unusual feature of M.tb genome 

is that about 4% of genes contain polymorphic GC-repetitive sequence and encodes for 

acidic, glycine rich proteins. 

 

Table 1.1. Classification of M.tb genes 

Function No. of  genes % of total 

Conserved hypothetical function 911 22.9 

Intermediary metabolism and respiration  877 22 

Cell wall and cell processes 517 13 

Lipid metabolism 225 5.7 

Information pathway  207 5.2 

Regulatory proteins 188 4.7 

PE and PPE protein 167 4.2 

IS elements and bacteriophages 137 3.4 

Virulence, detoxification and adaptation 91 2.3 

Stable RNAs 50 1.3 

Proteins of unknown function  607 9.9 

 

1.2.2 IMMUNOPATHOGENESIS OF TUBERCULOSIS 

Tuberculosis (TB) still has a profound impact in developing countries, although in many 

regions it is considered to be a disease of history. According to WHO over 95% of deaths 

due to TB occur in low- and middle-income countries, and it is among the top three causes 

of death for women aged 15 to 44. In late 19th century, Robert Koch identified M. 
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tuberculosis, and developed staining and culture techniques as well as described mode of 

transmission and contributed in diagnosis through preparation of tuberculin (12). M.tb is 

usually known as intracellular pathogen but during the infectious cycle, it can be localized 

extracelluarly at the start of infection in the upper respiratory tract and during advance 

stages of disease (13). 

1.2.2.1 Transmission 

Primary transmission is through air from man to man, however can be transmitted from 

animal to human beings. Coughing, sneezing, singing, and laughing all are different ways of 

release of microscopic droplets containing bacteria in the air. When a person breathes in 

these droplets, some of droplets may stay inside the lungs to cause infection. But not 

everyone who is exposed to M.tb containing droplets becomes infected with M.tb (14).  

1.2.2.2 Possible outcomes of M. tuberculosis exposure 

After inhalation, tubercle bacilli are often ingested by alveolar macrophages or dendritic 

cells that are present in the airway epithelium and lung parenchyma (15). The destruction of 

the bacteria at this stage depends on the combination of the intrinsic microbicidal capacity 

of host phagocytes and virulence factor of the ingested mycobacteria. Mycobacteria that 

escape this initial destruction can multiply and this leads to the disruption of the 

macrophages. Afterwards, monocytes and other inflammatory cells are attracted to the lung 

and differentiate to macrophages that ingest, but do not destroy the bacteria.  

Within two weeks after infection, T-cell immunity with antigen-specific T-

lymphocytes develops that activates macrophages to kill the intracellular mycobacteria. 

Several cytokines and chemokines are produced by activated macrophages and dendritic 
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cells and are essential for the stimulation of T-lymphocytes. In this stage, the disease can 

stay dormant or stationary and the condition is called latent tuberculosis (LTB). 

 

 

 

Fig. 1. 1. Possible outcomes of M.tb exposure 

 

Within two weeks after infection, T-cell immunity with antigen-specific T-

lymphocytes develops that activates macrophages to kill the intracellular mycobacteria. 

Several cytokines and chemokines are produced by activated macrophages and dendritic 

cells and are essential for the stimulation of T-lymphocytes. In this stage, the disease can 

stay dormant or stationary and the condition is called latent tuberculosis (LTB). Persons 

with latent tuberculosis have live M.tb in their bodies but they do not show any sign or 

symptom. LTB patient cannot spread the infection to other people. The process of LTB 

begins when extracellular bacilli are ingested by macrophages leading to elicit the immune 

Exposure to M.tb 

Survival of 
bacteria 
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response in which white blood cells kill or encapsulate most of the bacilli, consequently the 

formation of a granuloma. 

1.2.2.3 TB disease 

In active TB disease state tubercle bacilli overcome the immune system and multiply. 

Active TB patients are infectious and can spread tuberculosis. The risk of progression from 

latent TB to active disease is about 10% in the general population (16). But children and 

persons who are immunosuppressed by drugs are more vulnerable to develop active TB. As 

the disease progresses, bacilli can spread to other parts of the lung and the outside 

environment through the airways.   

Extrapulmonary tuberculosis is a disease outside lung parenchyma. Extrapulmonary 

tuberculosis is seen in about 15% of cases in nonimmunocompromised individuals, but it 

occurs with greater frequency in those infected with HIV. Peripheral lymph nodes, the 

pleura, bones and joints, genitourinary system, abdomen and central nervous system are 

most common sites of extrapulmonary tuberculosis (17).   

1.2.3 DIAGNOSTICS FOR TB 

Diagnosis of TB is needed at each phase, for the detection of latent TB (18), for active TB 

screening as well as to overcome diagnosis delays and spread of the disease. With 8.6 

million new cases and 1.3 million deaths worldwide in 2012, TB imposes a high burden of 

human suffering and loss. About 3 million people who developed TB in 2012 were 

undetected by national systems (3).  
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1.2.3.1 Traditional approaches 

Currently, the diagnosis of TB is mainly based on a combination of clinical criteria and 

conventional laboratory diagnostics (smear microscopy and radiology). However, the 

existing conventional diagnostic tests have serious limitations and diagnostic delay is a 

major problem. 

The gold standard for the diagnosis of active tuberculosis is Mycobacterium 

tuberculosis culture recovery from human specimens. Through culture M.tb can be detected 

at a concentration of 10 to 100 organisms per ml of specimen and hence the sensitivity 

ranges from 80-93% with a specificity of 98%. The major limitation of culture is the time as 

culture growth may take on average more than two weeks (19) Automated liquid culture 

systems are faster than traditional solid culture (six to twelve days), but a more expensive 

alternative compared with solid culture. This can cause delay in initiation of anti-

tuberculosis treatment especially in cases where sputum smear microscopy are negative for 

acid fast bacilli (AFB), despite the clinical suspicion of tuberculosis. Sputum culture is 

considered necessary for confirmed diagnosis of tuberculosis with 80-96% sensitivity (6). 

Acid-fast staining of bacilli in sputum smears is most commonly used and simple 

way for detection of active TB in low-income and middle-income countries, sensitivity is 

compromised because greater than 10
4
 bacilli per ml of sputum are required for consistent 

detection. Thus, half or more of the cases of active pulmonary TB are smear-negative 

particularly in samples from children. However, the sensitivity can be improved if the 

specimen is concentrated through appropriate processing and centrifugation, and the smear 

is examined by means of fluorescent microscopy (5). 
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1.2.3.2 Interferon gamma release assay (IGRA)/Nucleic acid amplification 

tests (NAAT) 

Interferon gamma release assay (IGRA) has been developed for diagnosis of latent 

tuberculosis. The commercially available Quantiferon TB Gold In Tube (Cellestis, 

Carnegie, Australia) and T-SPOT TB (Oxford Immunotec, Abingdon, UK) assays measure 

interferon gamma (IFNγ) release by sensitized T-cells after stimulation with peptides of 

M.tb specific antigens  like early secretory antigenic target ESAT6, Culture filtrate protein 

CFP10 plus TB7.7 in the Quantiferon system (20). 

NAATs are molecular systems that can detect small amounts of genetic material 

(DNA or RNA target sequences) from the bacterium, and based on repetitive amplication of 

target sequences. Several molecular approaches have been exploited for Nucleic acid 

amplification tests (NAATs). The Gen-Probe Amplified Mycobacterium Tuberculosis 

Direct (MTD) test (Gen-Probe Incorporated, San Diego, CA) is a transcription-mediated 

amplification nucleic acid probe test. Another TB test, the Xpert MTB/RIF assay (Cepheid, 

Sunnyvale, CA), based on a fully integrated real-time PCR platform, has been developed to 

perform rapid and sensitive detection of M. tb and rifampin (RIF) resistance. The PCR 

methods are specific but not sensitive enough (21). Since PCR is able to detect small 

numbers of organisms, cross-contamination in clinical laboratories can cause significant 

numbers of false-positive results (22). 

1.2.3.3 Serological assays for TB diagnostics 

After growth of the pathogen inside a body, exposure to bacterial constituents results in the 

secretion of specific antibodies. Antibodies are heterogeneous group of glycoproteins 

present in the serum and tissues and are produced by B-cell lymphocytes (23). Antibodies 
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associated to active TB are not correlated to protective immunity, but their presence may be 

exploited as biomarker for active TB. The main advantages of immune-based tests are their 

speed, and simplicity (24). These tests rely on detection of the serological antibody immune 

response to M.tb as opposed to the T-cell-based cellular immune response. 

An antibody detection test can be established into a number of designs depending on 

the antigen(s) coating, membrane and incubation technique. Enzyme linked immunosorbent 

assay (ELISA) is the most common procedure used for screening antibodies in body fluid 

for analyzing antigen performance to react with antibody.  In ELISA antigen-antibody 

complexes bound to solid support are incubated with a chromogenic substrate to detect 

antibody. The ELISA format has the advantages that many serum samples can be tested in 

simultaneously. The process can be completely automated, making this technique attractive 

in fully equipped laboratories that test a large number of samples. However, time to results 

still can take hours. The typical format used for screening antibodies in sera, is schematized 

in Fig. 1. 2. 

The relative importance of the individual characteristics of a diagnostic test depends 

upon the setting in which the test is to be performed and the intended use of the results. 

Technical simplicity, is essential if a test is to be used in a primary health-care clinic in low-

income countries. 
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Fig. 1. 2.  Enzyme linked immunosorbent assay 

1.2.4 ANTIGENS FROM M.TB 

Antigen is a substance that may stimulate B and/or T cell limbs of the immune 

response and react with the products of that response, including immunoglobulin antibodies, 

and/or specific receptors on T cells (25). In simple words, antigen is a molecule that 

interacts with antibodies. An epitope or determinant is a small region of an immunogenic 

molecule that binds to an antigen receptor of antibody.  While B and T cells carry receptors 

that are similar from the functional point of view, in that they both bind antigen, these 

receptors recognize epitopes in fundamentally different ways.  The T cell receptor 

recognizes  an  epitope  composed  of  an  antigenic  peptide  presented  in   association  
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with an MHC molecule, while B cell receptors recognize simpler epitopes on intact 

pathogen (living or not), on macromolecules in solution, or on macromolecules bound to 

cell surfaces (26).  

 Mycobacterial antigens can be categorized into three main groups; actively secreted, 

cytoplasmic and cell wall bound. Secreted and cell wall bound antigens likely to play more 

important role in protective defense mechanisms and in pathogenicity. There is no well-

defined nomenclature for mycobacterial antigens. Most of the polysaccharide antigens are 

famous by their chemical name such as phenolic glycolipid. Protein antigens are usually 

known by their size or their mass spectroscopic patterns (27).  

ELISA has been widely used since the late 80's to screen antigens for active TB 

(28). At the beginning, crude bacterial extracts, including tuberculin, were explored as 

reagents. Antigen-5 a preparation composed of various proteins and lipoarabinomannan, a 

specific cell-wall glycolipid, was one of the most popular mixtures (29). As modern 

biochemistry tools have been developed, more purified, specific antigens have been 

obtained. Thus, identified many antigens like PstS1, LpqH, HSP, HSPX, Fbp and 

lipoarabinomanan (LAM)(30, 31).  These proteins were purified from culture of 

mycobacterium, thus show cross reactivity and low specificity. Later on Immunological 

properties of recombinant protein or epitopic regions were also tested (32, 33).   

MTB H37Rv whole genome sequencing opened new doors and reverse genetics, 

comparative genomics were used to identify more antigens with higher specificity to 

Mycobacterium tuberculosis complex. One of the major discoveries was the finding that 8% 

of the potential coding capacity was accounted for by two large unrelated gene families 

encoding the PE and PPE proteins (1). The names PE and PPE are derived from the motifs 

Proline-Glutamine (PE) and Proline-Proline-Glutamine (PPE) found in most cases near the 
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N-terminus of these proteins. Some PPE proteins have been reported to elicit humoral and 

cellular response (34). Comparative genomics identified regions of differences (RD), these 

are regions of the genome that are present in M. tuberculosis complex but absent in M. bovis 

BCG substrains (35-37).  

1.2.5  PstS1 

The 38kd antigen (Rv0934) is a lipoprotein involved in phosphate transport. Pst (phosphate 

specific transporter) is a membrane associated complex consisting of the proteins PstS1, 

PstS2 and PstS3 (1). 75% similarity has been reported between three genes coding PstS1 

and PstS2 or PstS3, and all proteins have a lipoprotein consensus signal. These receptor 

proteins are exposed to M.tb cell surface (38). PstS1 is a glycosylated protein that can be 

found intracellularly and secreted into the extracellular culture supernatant. Also, the mature 

PstS1 has an N-terminal 26 residues flexible extension that appears to tether it on the cell 

surface (39). 

Vyas et al. (2003) reported X-ray crystallography structure of phosphate-bound 

PstS1 (40).  The 2.16 A° structure showed that it is composed of two similar globular 

domains that are parted by a deep cleft.  The phosphate completely engulf in the cleft 

between two domains (Fig. 1. 3). Two polypeptide segments, one from the amino terminus 

(residues 19–105) and the other from carboxyl terminus (residues 291–351) constitutes 

domain I, while domain II consists of the intervening segment (residues 106–290).  

PstS1 and PstS2 contribute to the intracellular survival of M. tb, as these proteins 

seem to be involved in phosphate uptake from media with low phosphate concentrations. 

This condition is similar to what has been found within macrophages (41). It was proved 

that PstS1 knockout mutant strains, compared to the parental strain showed significantly 
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reduced multiplication within the macrophages. Moreover, these mutants were also 

attenuated in virulence as well. 

 

Fig. 1. 3. Crystal structure of PstS1 with bound phosphate (Adaptation from Vyas et al. 

2003).  

PstS1 protein is one of the earliest identified antigens, still considered to be the most 

important (42), therefore, this antigen is a part of many commercially developed kits (43, 

44). The use of this antigen in a microtiter plate ELISA has been evaluated in different 

populations (45). PstS1 antigen sequences from 180 clinical MTBC isolates from China and 

11 different BCG strains were compared after amplified the gene.  A few mutations, 

particularly 2 frame shift mutations in the PstS1 antigen that could be the cause of protein 
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function alteration and ongoing immune evasion (46). The variability of sensitivity of PstS1 

for diagnosis may partly be due to the polymorphism within it. 

Systematic review and meta-analysis by Steingart et al., (2009) reported that with 

assays for the detection of IgG and/or IgA antibodies, the sensitivities reported for 38 kDa 

(range, 35% to 68%). Specificity of recombinant 38 kDa was 97% (90–99) for non-TB 

control and 90% (57–99) for healthy controls (5). 

1.2.6 TB16.3 

The protein product of Rv2185c gene is conserved hypothetical protein TB16.3, known to 

be more abundant under anaerobic conditions (47). Marmiesse et al. (2004) illustrated that 

TB16.3 is one of the 'core' genes that are conserved among mycobacterial strains (48). 

TB16.3 protein has been identified in the membrane fraction of M.tb H37Rv using 1D-SDS-

PAGE and LC-MS/MS analysis (49, 50). TB16.3 antigen was recognized by sera from 

smear positive as well as smear negative TB patients (51).  

1.2.7 echA1 

Rv0222 gene that is part of RD4 region of M. tb genome, on expression produces echA1 

which is a probable enoyl CoA hydratase. RD4 region corresponds to a 12.7 kb stretch of 

DNA in genome of M.tb that is deleted from both M. bovis and all M. bovis BCG strains 

tested (36). There are 11 open reading frames present in this region, most of them showed 

similarity to membrane proteins and enzymes. Antigens encoded in the region of 

differentiation (RD) of M. tb constitute a potential source of specific antigens for 

immunodiagnosis. Chen (2010) described a study that evaluated humoral immune response 

to Rv1985c, encoded in RD2 region of M. tb, and it showed 52.1% sensitivity and 97% 
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specificity to detect active TB from BCG-vaccinated individuals (52). EchA1 is known to 

have association with cell membrane extracts of M.tb H37Rv (Malen et al., 2010) and 

Souza et al. (2011) also identified it in the culture filtrate and whole cell lysates of M. 

tuberculosis H37Rv by mass spectrometry (50, 53). In M. tuberculosis H37Rv infected 

guinea pig lungs echA1 was identified by mass spectrometry at 30 days but not 90 days 

(54).  

Humanes (1999) reported significant homology (55.7% identity) between an open 

reading frame encoding from plant-pathogen bacteria Rhodococcus fascians and M. 

tuberculosis enoyl-CoA hydratase encoding gene echA1, that confirmed their phylogenetic 

relationship (55). On comparison through sequence alignment, several conserved blocks 

common to E. coli, M. tb and human mitochondria were found. One of such blocks includes 

a glutamate residue that was previously shown to be the catalytic residue of enoyl-CoA 

hydratase in the multienzyme complex of fatty acid oxidation from E. coli. 

1.2.8 FUSION PROTEIN CONSTRUCTS APPROACH 

There seems to be some association of TB and TB-specific antibody levels with human 

leukocyte antigens (HLA) that may be responsible for a heterogeneous humoral immune 

response to TB antigens in human populations. HLA genes encoding for molecules 

presenting protein antigens, namely the major histocompatibility complex (MHC) 

molecules, are known to be highly polymorphic in humans, and some data indicate this gene 

polymorphism as a source of variability to recognize peptide motifs by immune cells (56). 

Moreover, there are reports showing that antibody production is also related with the 

disease state (32). One alternative is the use of cocktail of antigens to increase sensitivity of 

test (42). Zhang et al. (2009) examined the humoral immune responses of active TB patients 
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and healthy subjects against three antigens Rv3425, 38 kDa and lipoarabinomannan from 

M.tb H37Rv by ELISA achieving sensitivity of 61.8% and 93 % specificity (57). Antibody 

responses to M. tuberculosis infections are heterogeneous, thus the desired sensitivity and 

specificity in serodiagnostic tests could be achieved by a combination or fusion of several 

antigens. 

In spite of the many studies for developing a serodiagnostic method for tuberculosis, 

there is still a need to improve the procedure for making it more rapid, reliable and cost 

effective. This study was therefore undertaken to look for more sensitive antigens either as 

single antigen molecule or fusion molecule between two or more antigens of M.tb. the 

antigens investigated in this study include PstS1, TB16.3 and echA1. 
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SECTION II  

MATERIALS AND METHODS 
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2.1  MATERIALS  

All routine chemicals used were of high quality and were purchased either from Fisher 

Scientific (Leicestershire, UK), or Merk (Germany), or Fluka (Buchs, Switzerland), or 

Sigma-Aldrich (USA). Taq DNA polymerase, restriction endonucleases, InsTAclone PCR 

cloning kit, T4 DNA ligase, DNA and protein size markers were purchased from Fermentas 

Life Sciences (Maryland, USA). 

2.1.1  CULTURE MEDIUM 

LB medium: 10 g/l Tryptone, 5 g/l Yeast extract, 10 g/l NaCl, Adjust pH to 7.5 with 1N 

NaOH 

M9NG: 10 g/l tryptone, 5 g/l NaCl, 25 mM NH4Cl, 25 mM KH2PO4, 50 mM NaHPO4, 

0.05% glucose, 0.5% glycerol, 2 mM MgSO4, 1x trace metal and 30 mM Lactose. 1000x 

trace metal contained 50 mM FeCl3, 20 mM CaCl2, 10 mM each of MnCl2 and ZnSO4 and 2 

mM each of CoCl2, CuCl2, NiCl2, Na2MoO4, NaSeO3 and H3PO3 in ~ 60 mM HCl. 

2.1.2   BACTERIAL STRAINS 

E. coli DH5α and E. coli BL21 (DE3) CodonPlus RIPL (Stratagene, USA) bacterial strains 

were used in this work. Permanent stocks of hosts and pET recombinants were best 

maintained as glycerol stocks at -70 °C for long-term storage or on agar plates at 4°C for 

short-term storage. To prepare glycerol stock, bacterial culture was grown till OD600 

reached 0.6–0.8 and 0.6 ml of this culture was transferred to a cryovial, with 0.4 ml 50 % 

glycerol. Mix well and store at -70°C. 
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Bacterial host used for cloning was E. coli DH5α, it is a convenient host for initial 

cloning of desired DNA into pET vectors. DH5α not only good in maintaining plasmids 

being recA
–
 endA

–
, but also have great transformation efficiencies, and good plasmid 

yields. 

E. coli  BL21(DE3) CodonPlus RIPL (Stratagene, USA) containing a chromosomal 

copy of the gene for T7 RNA polymerase. Once a DE3 lysogen is formed, the only 

promoter known to direct transcription of the T7 RNA polymerase gene is the lacUV5 

promoter, which is inducible by addition of IPTG to the culture medium or by using an 

autoinduction medium. It is an engineered strain that encodes the extra copies of argU, ileY, 

leuW and proL tRNA genes; these are the tRNA genes of amino acids that most frequently 

limit translation of heterologous proteins in E.coli.  

2.2.  GENERAL METHODS 

2.2.1   DNA EXTRACTION FROM AGAROSE GEL 

Under ultraviolet light, gel containing DNA was excised with a clean razor blade and put in 

a pre-weight microfuge tube. Exposure to the UV light source was minimized, as it can 

cause nicks and double strand breaks in the DNA. Weight of the gel piece was estimated by 

subtracting weight of microfuge tube. Binding buffer was added in 1:1 dilution (for example 

for 100mg gel added 100 µl buffer) and put at 50-60°C for 10 min or until gel dissolved 

completely. Up to 800 µl solution was transferred to column and centrifuged at 12,000 rpm 

for 1 min. Flow through was discarded and the remaining solution was transferred if any. 

Then, 700 µl of wash buffer was added to column and centrifuged for 1 min at 12,000 rpm. 

Flow through was discarded and empty column was centrifuged for 1 min to remove any 
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remaining buffer. Column was transferred to a clean labelled microfuge tube and 30-50 µl 

elution buffer was added, after 3 min column was centrifuged at 12,000rpm for 1 min to 

collect DNA in microfuge tube. Column was discarded and microfuge tube with DNA was 

put at -20°C until used.  

2.2.2 PLASMID ISOLATION 

Plasmid extraction from bacterial culture was done by a protocol that is a modification of 

the methods of Brinboim & Dolly (1979) and Ish-Horowicz and Burke (1981) (58, 59). 10 

ml LB medium supplemented with appropriate antibiotic was inoculated with a single 

colony and flask was grown at 37°C with shaking overnight. In a microfuge tube (1.5 ml), 

1.5 ml culture was transferred and centrifuged at 12,000rpm at for 1 min. supernatant was 

discarded and same procedure was repeated. To the 3 ml culture pellet, 200 µl ice-cold 

alkaline lysis solution I (50 mM glucose, 25 mM Tris-Cl pH 8.0, 10 mM EDTA pH 8.0) 

was added and pellet was completely resuspened. Then added 400 µl freshly prepared 

alkaline lysis solution II (0.2 N NaOH, 1% (w/v) SDS), mixed by inverting several times 

and kept on ice. To this 300 µl alkaline lysis solution III (5 M potassium acetate 60.0 ml, 

glacial acetic acid 11.5 ml and 28.5 ml water, the resulting solution is 3 M with respect to 

potassium and 5 M with respect to acetate) was added and contents were mixed by gently 

inverting tube. Stored on ice for 3-5 min and centrifuged at 12,000rpm at for 10 min. Upper 

transparent layer was separated from white cell debris and transferred to a new microfuge 

tube, to this equal volume (about 600 µl) of phenol: chloroform (1:1) solution was added to 

remove protein remains and vortexed. After centrifugation at 12,000rpm at for 10 min upper 

aqueous layer was separated from lower layers and shifted to another microfuge tube. To 

this added 400 µl of chloroform, vortex and centrifuged at 12,000rpm at for 5 min. After 
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transfer of upper layer to another microfuge, cold isopropanol was added to precipitate the 

DNA. After hand mixing tubes were kept at -20°C for 10-20 min and then centrifuged at 

12,000rpm for 10 min. Supernatant was discarded carefully and DNA pellet was washed by 

adding 1 ml of 70% ethanol. After mixing, centrifuged at 12,000rpm for 5 min and pellet 

was left to dry. All centrifugations were done at 4°C.  To the air-dried pellet, 50 µl nuclease 

free water and 0.5 µl RNase (DNase-free) was added. Plasmids were kept at 37°C for 30 

min and then stored at -20°C until used. 

2.2.3     PLASMID ISOLATION THROUGH COLUMN 

Plasmid isolation with high purity was done through VIVANTIS Plasmid DNA Extraction 

kit (Cat # GF-PL-100). 5 ml bacterial culture grown overnight in LB medium supplemented 

with appropriate antibiotic was collected in a microfuge and centrifugation at 12,000 rpm. 

Bacterial pellet was re-suspended in 250 µl of S1 solution through vortex. Added 250 µl of 

S2 solution and mixed by inverting several times. Then 450 µl NB buffer was added and the 

contents were mixed by inverting tube several times. Precipitated proteins were pelleted 

down through centrifugation at 12,000 rpm for 10min. Supernatant fraction was transferred 

to Vivantis spin column. Then after centrifugation for 1 min at 12,000 rpm, flow-through 

was discarded and column was washed by adding 750 µl of wash buffer. The column was 

centrifuged and flow through was discarded, then empty column was centrifuged again for 1 

min, to remove residual wash buffer. Then column was transferred to a clean microfuge 

tube and DNA was eluted in 50 µl of elution buffer. Column was left for 1 min at RT after 

adding elution buffer and then centrifuged at 12,000 rpm for 1 min. Eluted DNA was stored 

at -20°C until used. 
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2.2.4   COMPETENT CELLS PREPARATION 

Competent cells were prepared through standard CaCl2 method (60). A single colony from 

culture plate was inoculated in 5 ml LB medium, alternatively medium was inoculated with 

10 µl of glycerol stock. Flask was incubated at 37°C with shaking overnight. Next Day, 50 

ml LB broth in 250 ml Erlenmeyer flask was inoculated with 0.5 ml overnight grown 

culture and put on shaking at 37°C until OD600 reached 0.4. Whole culture was transferred 

to a sterile falcon tube and centrifuged at 6,000 rpm for 10 min at 4°C. Supernatant was 

discarded and cells pellet was re-suspended in 30 ml cold 50mM CaCl2. Incubated for 40 

min on ice then centrifuged at 6,000 rpm for 10 min at 4°C. Finally pellet was re-suspended 

in 1-2 ml chilled 50mM CaCl2 depending on pellet size and kept on ice until use. 10 µl of 

competent cells were spread on LB agar to check viability and on LB agar supplemented 

with antibiotic to check any contamination. Competency of cells increases in 24 hours then 

start to decrease until it loses its efficiency after 48 hours.  

For long term storage competent cells were preserved in DMSO for long term use. 

To the 2 ml competent cells, 75 µl of filtered DMSO was added and kept on ice for 15 min. 

Then again added 70 µl of DMSO and kept on ice for 5 min and 200 µl aliquots were made. 

Snape frozen on liquid nitrogen and transferred to -80°C immediately. 

2.2.5 TRANSFORMATION  

In a microfuge under sterile conditions, 200 µl of competent cells were transferred on ice 

and to this mixed gently with 10 µl ligation mixture or 1 µl plasmid. Stored on ice for 40 

min then tube was placed in a water bath with 42°C for 2 min. Transfer immediately to ice 

after heat shock and kept for 5 min. to the microfuge, added 0.8 ml sterile LB broth, mixed 
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and incubated at 37°C for 1-2 hours. Centrifuged at 12,000 rpm for 1 min to settle down all 

cells, removed 850 µl of supernatant and the rest of cells were spread on LB agar plate 

supplemented with appropriate antibiotic according to vector and host cells resistance. 

Plates were incubated at 37°C overnight.   

2.2.6 COLONY PCR 

One method to screen bacterial colonies for successful transformation of desired DNA is 

colony PCR. Few of transformed colonies were sub-cloned to LB agar plate supplemented 

with appropriate antibiotic and incubated overnight at 37°C. Next morning, a single colony 

was picked with a sterile tip and mixed with 30 µl of nuclease free water in a small (0.5 ml) 

microfuge tube, vortexed to disperse cells and placed in thermocycler at 95°C for 5min to 

lyse cells and denature DNases, 25°C for 5 min to cool down, then centrifuged at 12,000 

rpm for 1 min to pellet down debris. 5 µl of the supernatant fraction was used as template 

for PCR reaction with appropriate set of 5’and 3’ insert specific primers. 5 µl amplified 

product from each colony PCR reaction was run on 1% agarose gel. The positive 

transformants would have a DNA band at the position corresponding to the total number of 

bases. 

2.2.7 TRIS-GLYCINE SDS-POLYACRYLAMIDE GEL 

ELECTROPHORESIS (PAGE) 

Total cell proteins, soluble fractions, insoluble fractions, purified and refolded protein 

samples were analysed on SDS-PAGE (61).
 
To prepare the 30% acrylamide mix, 29% (w/v) 

acrylamide and 1.0% N, N′-methylene-bisacrylamide were dissolved in water and filtered. 

After setting gel assembly, resolving gel with appropriate percentage was prepared as 
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described in Table 2.1 and poured in Bio-Rad mini gel vertical electrophoresis apparatus 

leaving vacant space on the top for stacking gel. For preparation of one gel approximately 5 

ml resolving gel mixture was required.  On the top of resolving gel about 200 µl water was 

poured to prevent contact of gel with oxygen in air as well as and to give the gel a flat 

surface. Gel was allowed to polymerize at room temperature for about half an hour. Then 

water was removed and staking gel (Table 2.1) was poured on the top of resolving gel. 

Comb was inserted in poured stacking gel to form wells for loading sample. Gel was left for 

at least half an hour, when gel was polymerized, comb was removed and gel was fixed in 

electrophorsis chamber.  

 

Table 2.1. Composition of gels used in SDS-PAGE 

Components 

Resolving gel Stacking gel 

12% (15 ml) 15% (15 ml) 5% (5 ml) 

H2O 4.9 3.4 3.4 

30% acrylamide mix 6 7.5 0.83 

1.5M Tris (pH 8.8) for resolving or 

1.0 M Tris (pH 6.8) for stacking gel 3.8 3.8 0.63 

10% SDS 0.15 0.15 0.05 

10% Ammonium persulphate 0.15 0.15 0.05 

TEMED 0.006 0.006 0.005 

 

1 x Tris-glycine buffer (25mM Tris-Cl, 250mM Glycine, 0.1 % SDS) was used to 

fill gel apparatus inner and outer chamber to appropriate point. Protein samples were 

prepared by mixing appropriate volumn with 5x loading dye (600 µl 1M TrisCl pH 6.8, 5 
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ml 50% gycerol, 2 ml 10% SDS, 500 µl 2-mercaptoethanol, 800 µl 1% bromophenol blue 

and 1.1 ml distilled water) and heating in boiling water bath for 5-10 min. Samples were 

passed several times through syringe and then centrifuged. Protein samples were loaded in 

wells and gel was run at 100-120V until dye reached close to the bottom.   

After electrophoresis was done, gel assembly was removed from chamber and plates 

were separated with the help of spatula. Then gel was removed and left in staining solution 

(methanol 40%, acetic acid 7%, 0.025% Coomassie Brilliant Blue R-250) overnight. After 

staining, gel was transferred to de-staining solution I (methanol 40% and acetic acid 7%) for 

one hour and put in destain solution II (methanol 5% and acetic acid 7%)  until background 

was removed. 

 

2.3 ISOLATION OF GENOMIC DNA FROM Mycobacterium 

Tuberculosis 

2.3.1 CULTURE 

Identified strain of Mycobacterium tuberculosis was sub-cultured on Lowenstein–Jensen 

(LJ) medium slants. Solid medium was prepared from LJ medium base (Fluka L3910). 

Cultures were allowed to grow for 4-6 weeks at 37°C.  

2.3.2 EXTRACTION OF GENOMIC DNA 

Growth of mycobacterium was suspended in TE buffer (10mM Tris/HCl, pH 8.0 and 10mM 

EDTA) and aliquot in microfuge tubes. Each tube contained 400 µl suspension that was 

heated for 20 min at 80°C in a water bath to kill cells and cool at RT. To each tube added 50 

µl of 10mg/ml lysozyme, vortex and incubated for at least one hour at 37°C. After addition 
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of 75 µl of SDS/proteinase K solution (70 µl 10% SDS and 5 µl 10mg/ml proteinase K), 

vortex and incubated for 10 min at 65 °C. Then 100 µl of 5M NaCl and 100 µl pre-warmed 

CTAB/NaCl solution was added, vortex until milky and incubated for 10 min at 65°C. Then 

added 750 µl of chloroform/isoamyl alcohol (24:1), vortex and centrifuged for 8 min at 

12,000 rpm. To the separated upper phase gently mixed 0.6 volume (450 µl) of isopropanol 

and put placed on ice for at least 30 min. After centrifugation for 15 min at 12,000 rpm, 

supernatant was discarded and pellet was allowed to dry. Finally DNA pellet was dissolved 

in 50-100 µl TE buffer. RNase treatment was done to remove RNA.  

2.3.3 AGAROSE GEL ELECTROPHORESIS 

Isolated genomic DNA was analysed on 0.8 % agarose gel. 0.32 g agarose was dissolved in 

40 ml 1x TAE buffer (40mM Tris acetate, 1mM EDTA pH 8.0), heated in microwave oven 

until agarose dissolved. After molten gel had cooled to 60 °C, 2.5 µl of ethidium bromide 

solution (10mg/ml) was added. Gel was mixed and poured in gel tray with appropriate size 

gel comb. After solidification, gel tray was placed in gel tank filled with 1x TAE buffer. 

DNA samples were mixed with 0.2 volumes of 6x gel-loading dye (5mg bromophenol blue, 

4 ml glycerol and 6 ml 1xTE buffer) and loaded into the slots of gel. Gel was run at 70 V 

until bromophenol blue migrated to appropriate distance. Then visualized and photographed 

using Syngene Gel Documentation System.  

2.3.4 QUANTIFICATION 

Genomic DNA concentration was estimated spectrophotometrically (Eppendorf 

biophotometer 22331, Hamberg, Germany). OD at 260 and 280 was taken of DNA samples 
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with appropriate dilution and sample concentration was estimated through following 

formula. 

Amount of DNA = OD260 x 50 x Dilution factor 

2.3 POLYMERASE CHAIN REACTION (PCR) 

2.3.1    PRIMER DESIGNING 

Whole genome of Mycobacterium tuberculosis strain H37Rv was sequenced by Pasteur 

Institute, available online (http://tuberculist.epfl.ch/) was used as reference. Primers were 

designed to specify the amplification region in PCR reaction. There are many features to be 

considered for a good primer (a) appropriate length of primer 20-30 nucleotides including 

minimum 15 nucleotides complementary to the sequence of interest (b) 40-60% GC content 

(c) avoidance of more than three continuous G or C nucleotide at 3’ end of primer (d) 

primers should not be self-complementary (e) not more than 5°C difference between 

melting temperatures of the primers of a pair.  

To facilitate ligation of amplified product into vector and to place the coding region 

in proper reading frame, restriction enzyme recognition sites were includes at the 5’ end of 

some primers. For efficient digestion, restriction sites in primer should be flanked by at least 

3 nucleotides at the 5’ end. Oligonucleotide primers were designed using NEB cutter (62), 

Primer 3.0 (63) and OligoCalc (64). Name, nucleotide sequence, added restriction sites of 

each primer used in this study and annealing temperature of each primer set is given in 

Table 2.2. 

 

 

http://tuberculist.epfl.ch/
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Table 2.2. Primers used for amplification in PCR 

Protein 

Name 

Primer 

Name 
Primer Sequence (5´ - 3´) 

Restriction 

enzymes 

Annealing 

temp (°C) 

TB16.3 

P1F 

P1R 

CATATGGCGGACAAGACGACACAGAC 

CCGGAATCACTCAGCCCTCGACTC 

NdeI 

- 

60 

S1F 

S1R 

GAGACATATGGCGGACAAGACGACACAG 

TAGGAATTCGCCCTCGACTCGTTTCTTCAG 

NdeI 

EcoRI 

67 

echA1 

P2F 

P2R 

CATATGAGCAGCGAAAGCGACGCAG 

GTAGCTGGGCTAGGTGCCCGTCC 

NdeI 

- 

60 

S2F 

S2R 

CTTGGAGCTCATGAG TAGCGAAAGCG 

GTAAAGCTTCTAGGTGCCCGTCCAACGG 

SacI 

HindIII 

67 

PstS1 

PstS1F 

PstS1R 

CATATGAAAATTCGTTTGCATACGCTGTTGG 

GGTGGTCAACGAGGCTAGCTGG 

NdeI 

- 

57 

tnPstS1 

tnPstS1F  

tnPstS1R  

GAGACATATGGCCGGGACGGTCAACATTG 

TATAAGCTTCTACGCGGGCGGCAGCGGCTG 

NdeI 

HindIII 

69 

S3F 

S3R 

GTAGAATTCGCCGGGACGGTCAACATTGG GG 

TATAAGCTTCTACGCGGGCGGCAGCGGCTG 

EcoR1 

HindIII 

69 

 

 2.3.2 PCR AMPLIFICATION 

PCR is a logarithmic procedure to amplify DNA. Amount of template DNA required during 

reaction depends on size. To serve as template DNA in PCR reaction 0.1-1 µg/ml per 50 µl 

of genomic or 50 pg to 1 ng of plasmid DNA was used. PCR reaction mixture contained; 1x 

Taq buffer [750 mM Tris-HCl (pH 8.8), 200 mM (NH4)2SO4, 0.1% (v/v) Tween 20], 0.25 

mM dNTP mixture, 2 mM magnesium chloride, 100 pmol of each primer, 2.5 units of Taq 

DNA polymerase (EP0402 Fermentas Life Sciences) and 0.25 µg of genomic DNA, 
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Volume was made up to with Nuclease-free water. The PCR reaction was performed in 

Applied Biosystems 2720 thermo cycler, using following conditions: initial denaturation at 

94°C for 3 min, followed by 30 cycles of three steps denaturation at 94 °C for 45 s, 

annealing at specific temperature according to primer as described in table 2.2 for 45 s, 

extension at 72 °C for 1 min and then final extension at 72 °C for 10 min.  

PCR products were analysed for correct size DNA band through 1% agarose gel 

electrophoresis when run with DNA marker (GeneRuler DNA Ladder Mix # SM0331 

Fermentas, Thermo Scientific). 

2.4 CLONING OF TB16.3, echA1, PstS1 GENES  

2.4.1 TA CLONING 

Taq polymerase enzyme used in PCR reaction has a terminal transferase activity that adds a 

single 3’- A overhang to both ends of PCR products. In TA cloning this overhang is utilize 

to ligate a linearized cloning vector pTZ57R/T (Fig. 2. 1) with single 3’-ddT overhangs 

(InsTAclone™ PCR Cloning Kit #K1213). 

The gel purified PCR products, through protocol described in section 2.2.1, were 

ligated into pTZ57R/T with optimal insert/vector ratio of 3:1. The amount of insert in 

ligation reaction was calculated according to size. Ligation reaction was setup according to 

table 2.3, for TB 16.3, echA1, PstS1 gel purified PCR products into pTZ57R/T vector. After 

vortex and centrifugation for 3-5 sec, the ligation mixture was incubated at 22°C for 1 hour 

or overnight at 4°C. The plasmids were named as  pTZ57R/TB16.3, pTZ57R/echA1, 

pTZ57R/PstS1. 
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Fig. 2. 1. Map of vector pTZR/T 
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 E.coli DH5α cells were transformed with 10 µl of ligation mixture according to 

protocol described in section 2.2.5 using LB agar plates (supplemented with  100 µg/ml 

ampicillin, 2% X-gal and 0.1 mM IPTG). 

 

Table 2.3. pTZ57R/T vector ligation mixture components  

Components TB 16.3 echA1 PstS1 

5x ligation buffer 6 µl 6 µl 6 µl 

Vector pTZ57R/T (0.18pmol ends) 3 µl (150ng) 3 µl (150ng) 3 µl (150ng) 

PCR product (0.54 pmol ends) 1.5 µl (90ng) 4.5 µl (150ng) 1.83 µl  (240ng) 

T4 DNA ligase 1 µl (5U) 1 µl 1 µl 

Total volume  30 µl 30 µl 30 µl 

 

2.4.2 SCREENING OF TRANSFORMANTS COLONIES  

White colonies were checked for the presence of the appropriate insert through colony PCR 

as described in section 2.2.6.  Positive colonies were inoculated in 10 ml LB medium (100 

µg/ml ampicillin) and overnight grown for plasmid isolation as described in section 2.2.2. 

Isolated plasmids were checked on 1% agarose gel electrophoresis and further used for 

restriction analysis. 

2.4.3 RESTRICTION ANALYSIS  

To confirm ligation of desired gene, each plasmid was digested with two restriction 

enzymes. pTZ57R/TB16.3 was digested with Nde1/HindIII, pTZ57R/echA1 with 

Nde1/BamHI and pTZ57R/PstS1 was digested with Nde1/EcoRI. The restriction reaction 
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was setup as described in table 2.4 in a microfuge tube and incubated at 37°C for 18-20 

hours. After incubation, restriction mixture was run on 1% agarose gel and required gene 

was recovered from gel as mentioned in section 2.2.1 for further cloning in expression 

vector.  

 

Table 2.4. Double restriction reaction mixture 

Component  Volume 

Plasmid  20 µl 

Each restriction enzyme (10U/µl) 2 µl +2 µl 

10x Tango buffer  12 µl 

Nuclease-free water 24 µl 

 

2.4.4 SEQUENCE ANALYSIS 

DNA sequence analysis was through the dideoxy nucleotide chain termination method of 

Sanger et al., (65) performed at the School of Biological Sciences, University of the Punjab, 

using Beckman-Coulter CEQ 8000 sequencer. For sequence analysis plasmid from 

restriction confirmed, single colonies were isolated through plasmid isolation column as 

explained in section 2.2.3. Amino acid sequence analysis, molecular weight and isoelectric 

point calculations were performed by using Protparam software (66). 
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2.4.5 TRANSFER OF TB16.3, echA1, PstS1 INTO PET EXPRESSION 

VECTOR  

Target genes were cloned in pET28a(+) vector (Novagen) to get expression of recombinant 

proteins in E. coli. pET plasmids are under control of strong bacteriophage T7 transcription 

(Fig. 2. 2).  
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Fig. 2. 2. Map of expression vector pET 28a(+) 

 

After transformation into an expression host containing a chromosomal copy of the 

T7 RNA polymerase gene under lacUV5 control, expression is induced by the addition of 

IPTG to the bacterial culture. When ligated through NdeI restriction site pET28a(+) vector 

allow addition of His6 tag at N-terminal of expressed protein to facilitate purification 

pET28a(+) vector has kanamycin resistance marker to facilitate screening after 

transformation. 

2.4.5.1 Restriction of pET28a(+) 

pET 28a(+) vector was prepared for ligation by double restriction with NdeI/HindIII, 

Nde1/BamHI and Nde1/EcoRI  in separate reactions to yield linear plasmids. Restriction 

reactions were setup separately as described in table 2.4 and incubated at 37 °C for 20 

hours. Restriction Linearized vectors with different sticking ends were gel-purified as 
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described in section 2.2.1 before insert ligation to remove residual nicked and supercoiled 

plasmid, that transform very efficiently relative to the desired ligation products. On 1% 

agarose gel, entire restriction reaction mixture was loaded in a large well (0.5–1.0 cm wide) 

and gel was run far enough to separate the linear plasmid from nicked and supercoiled 

species. Uncut vector DNA was also run in an adjacent lane to help distinguish undigested 

from linearized plasmid DNA. Band of linearized DNA was excised from gel using a clean 

razor blade and purified through column as mentioned in section 2.2.1. 

2.4.5.2 Ligation 

For ligation into pET vector, a standard reaction using DNA fragments with 2-4 base sticky 

ends requires 50-199 ng (0.015-0.03 pmol) of pET vector with 0.2 pmol insert. For ligation 

of TB16.3, echA1 and PstS1, 0.02 pmol of restricted pET28a(+) vector with 0.2 pmol insert 

was ligated in a volume of 20 μl. Ligation mixture was prepared in a microfuge tube by 

adding, 2µl of 10x ligation buffer, 2 µl (50 ng) of restricted TB16.3, 7.4 µl (100 ng) of 

restricted pET vector, 1µl T4 DNA ligase (5U) and water was added to make volume up to 

20 µl. For ligation of echA1, 2µl of 10x ligation buffer, 6.2 µl (0.2 pmol) of restricted 

echA1, 1.3 µl (0.02 pmol) of restricted pET vector, 1 µl T4 DNA ligase (5U) and water was 

added to make volume up to 20 µl. Ligation mixture of PstS1 contained 2 µl of 10x ligation 

buffer, 5µl (0.2 pmol) of restricted PstS1, 2.2 µl (0.02 pmol) of restricted pet vector, 1 µl T4 

DNA ligase (5U) and 9.8 µl nuclease free water. Ligations were gently mixed and incubated 

at 22 °C for 18 hours. 



38 

 

 

 

2.4.5.3 Transformation of DH5α cells and confirmation of insert 

E.coli DH5α cells were transformed with ligations as described in section 2.2.5. 

Transformants obtained on LB plated supplemented with 50 µg/ml kanamycin confirmed by 

restriction analysis. 

 

2.5 CLONING OF P-tnPstS1 

To construct a truncated version, tnPstS1, with 96 and 14 amino acid residues removed 

from the N- and C- terminals, respectively of the native PstS1, PCR was done with S3F-

S3R primer set (table 2.2) as described in section 2.3 using pPstS1 plasmid as template. The 

gel purified (section 2.2.1)  

PCR product was digested with NdeI and HindIII. In a microfuge 20 µl of gel 

purified PCR product, 2 µl of each enzyme, 12 µl of 10x tango buffer and 24 µl nuclease 

free water was mixed and incubated at 37°C for 20 hours. On 1% agarose gel, entire 

restriction reaction mixture was loaded in a large well and gel purification was performed.  

Gel purified double restricted product was ligated with NdeI/HindIII digested 

pET28a(+) to obtain ptnPstS1. Ligation mixture was set by adding 2 µl (0.2 pmol) restricted 

amplified product, 4 µl 5x ligation buffer, 4 µl restricted vector (0.02 pmol) and volume 

was made up to 20 µl. After incubation at 8°C for 18 hours, ligation was transformed into E. 

coli DH5α cells and confirmation was done through NdeI/HindIII restriction analysis of 

isolated plasmids. For restriction analysis 7µl plasmid from transformed colony, 1 µl of 

each restriction enzyme, 5 µl 10x tango buffer and 13.5 µl water was added in a microfuge 

tube and incubated for 20 hours at 37°C. Presence of correct size insert was checked by 

running restriction mixture on 1% agarose gel.  
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2.6 CONSTRUCTION OF FUSION PROTEINS TB16.3-echA1 AND 

TB16.3-tnPstS1  

2.6.1 CLONING OF TB16.3 WITHOUT STOP CODON 

To prepare fusion proteins, in first step, gene coding region TB16.3 without stop 

codon was amplified using S1F and S1R primers (listed in Table 2.2). Amplicon of the 

TB16.3 and pET 28a(+) vector were restricted with enzymes NdeI and EcoRI. After gel 

purification of linearized vector and restricted TB16.3 ligation was done to produce pET-

16.3. Ligation reaction consisted of 4 µl 5x ligation buffer, 4 µl restricted vector, 12 µl 

DNA, 2 µl ligase and 8 µl nuclease free water. DH5α cells were transformed with pET-16.3 

as mentioned in section 2.2.5. The transformants were screened through restriction analysis 

(NdeI/EcoRI) of isolated plasmids. 

2.6.2 Construction of fusion proteins TB16.3-tnPstS1 and TB16.3-echA1 

The echA1 region was amplified using S2F, S2R primers as mentioned in section 

2.3. The PCR product and pET-16.3 were digested with SacI and HindIII enzymes. The 

restriction reaction was set up by adding 18 µl DNA, 2 µl of each restriction enzyme, 6 µl 

of 10x tango buffer and water was added to make volume up to 60 µl. Mixture was 

incubated at 37°C for 20 hours. The restricted fragment as well as the double restricted 

vector were electrophoresed on 1% agarose gel, purified and ligated to generate pET 

TB16.3-echA1 (Fig. 2.3). Ligation reaction consisted of 3.5 µl amplified restricted fragment, 

5.9 µl of restricted vector, 2 µl 10x ligation buffer, 1.5 µl of ligase and volume was made up 

to 20 µl. Ligation was incubated at 18 °C for 18 hours. DH5α cells were transformed with 

10 µl ligation mixture. To confirm transformation restriction analysis of isolated plasmid 
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from transformed bacterial colonies containing pET TB16.3-echA1 was done (double 

digestion with NdeI/HindIII and SacI/HindIII). Restriction mixture was run on 1% agarose 

gel to confirm presence of two gene ligation.  

 

 

Fig. 2. 3. Schematic diagram for cloning of fusion proteins TB16.3-echA1 and TB16.3-

tnPstS1 

 

2.6 CONSTRUCTION OF FUSION PROTEINS TB16.3-tnPstS1 

S3F, S3R primers were used to amplify tnPstS1 region through PCR. Digestion of pET-16.3 

and tnPstS1 amplicon was done with EcoRI and HindIII. In a microfuge tube 18µl of DNA, 

2µl of NdeI enzyme, 12 µl of 10x ligation buffer and 26 µl of nuclease free water were 

mixed and incubated for 18 hours and then 2 µl of EcoRI was added and mixture was 

incubated for further three hours. Both double restricted amplified product and vector was 

gel purified followed by ligation to generate pET TB16.3-tnPstS1. The ligation mixture 

contained 2.2 µl (0.2 pmol) double restricted fragment, 3.2 µl double restricted vector (0.02 
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pmol), 5x ligation buffer, 1µl ligase and 9.6 µl water. The ligation mixture was incubated 

overnight at 18
o
C for 18 hour. DH5α cells were transformed with 10 µl of ligation mixture. 

Bacterial colonies containing pET TB16.3-tnPstS1 were confirmed through restriction 

analysis (double digestion with NdeI/HindIII and SacI/HindIII) of recombinant plasmid. 

  

2.7 EXPRESSION OF ANTIGENS AND THEIR FUSION 

CONSTRUCTS 

E. coli BL21 CodonPlus (RIPL) cells were transformed as mentioned in section 2.2.5 with 

recombinant plasmids p16.3, pechA1, pPstS1, ptnpstS1, pET TB16.3-echA1 and pET 

TB16.3-tnPstS1 after confirmation of insert. To analyse protein expression of transformants 

using E. coli BL21(DE3) CodonPlus RIPL host strains in combination with plasmids 

containing T7 promoter constructs following procedure was used. A single colony from 

each transformed plate was inoculated in 10 ml LB medium supplemented with 50 µg/ml 

kamamycin to maintain the expression plasmid and incubated overnight at 37 °C with 

shaking at 120 rpm. The next day, 3% inoculum from overnight culture was given in fresh 

LB medium and incubated at 37 °C with shaking till OD600 reached 0.6-0.8. Pipetted 1 ml 

culture in a microfuge tube, pelleted down and frozen at -20°C. This was used as non-

induced control sample in SDS-PAGE analysis. To the rest of culture IPTG (isopropyl-D-

thiogalactopyranoside) was added to a final concentration of 0.5mM for induction and 

incubation was continued at 37 °C. After 4 hours of post induction 1 ml culture was drawn 

out in a microfuge tube, pelleted down and stored as induced sample. Harvested rest of the 

cells from culture by centrifugation at 6,000 rpm for 10 min and supernatant was discarded. 

Cells were re-suspended in sonication buffer (20mM Tris-Cl pH 8, 0.5MNaCl, 1mM 
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PMSF) and sonication (UP 44s Dr. Heilscher GmbH, Germany) was done with 25 cycles of 

25 sec pulse and 35 sec rest at 60 amplitude. Soluble proteins and insoluble pellet proteins 

were separated from lysate after centrifugation at 12,000 rpm for 20 min.  1 ml sample was 

taken from soluble and insoluble fractions, labelled, pelleted down and then stored at -20°C.  

2.7.1 TOTAL CELL PROTEIN ANALYSIS  

Protein expression was analysed through SDS-PAGE analysis as explained in section 2.2.7. 

Un-induced, 4h post induction, sonicated soluble fraction and insoluble pellets were re-

suspended in 100µl of  20 mM Tris-Cl pH 8 buffer. Then mixed with 25 µl sample loading 

dye and heated for 10 min in boiling water bath. Each sample was passed through 27 gauge 

syringe 10 times to reduce viscosity and centrifuged at 12,00rpm for 1 min. To determine 

the normalized volume of sample to load on a 10-well SDS-PAGE gel following formula 

was used (Novagen pET System Manual 11th Edition). 

 

Normalized volume = 180 μl / (10× OD600) 

 

Factor “10” in formula is sample concentration factor that represents the volume of original 

culture used to produce the fraction, divided by the final volume of the fraction. As 1 ml of 

culture was used to prepare the fraction and after processing the final volume was 100 μl, 

then the sample concentration factor is 10. 

The levels of the proteins expressed, was determined by densitometric analysis of 

SDS-PAGE gels using Syngene GeneTools software. 
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2.7.2 OPTIMIZATION  

E. coli BL21 CodonPlus (RIPL) cells transformed with recombinant plasmid were also 

expressed at low temperature (20 °C) in case recombinant protein was found to be present 

as inclusion bodied when grown at 37 °C. Cells were harvested after 18 hours and 

sonication was done to check protein presence in soluble and insoluble fractions. 

Expression of TB16.3 and echA1 were checked to optimize cells growth and expression 

level at different IPTG concentrations in LB medium and lactose induction in M9NG 

medium.  For preparative purpose, TB16.3 and echA1 expressing cells were cultivated in 

auto-induction M9NG medium. 400 ml medium in 2 litre flask was inoculated with 5% 

overnight grown M9NG culture of E. coli BL21 CodonPlus. For induction 10mM lactose 

was added at time of inoculation. Cells were harvested after 16-18 hours incubation. 

2.8 PURIFICATION 

Recombinant proteins were expressed with an affinity tag of six consecutive Histidine 

residues at N-terminal. Purification through Ni-affinity chromatography is based on the 

selectivity and high affinity of Ni-sepharose resin for proteins containing stretch of 

Histidine residues. The general method was to absorb the protein onto the column, by 

mixing the Ni-sepharose resin with the sample, then pouring the slurry into a column, where 

low concentrations of imidazole was used to remove low affinity bound proteins. After 

washing of extra proteins, high concentration of imidazole was used to elute the target 

protein. 
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2.8.1 PREPARATION OF NI-CHELATE RESIN FOR AFFINITY 

CHROMATOGRAPHY 

To prepare Ni-IDA column a method described by Porath was used (67). 15 ml sepharose 6 

B was swollen in water for about 2-3 hours and water was removed by filtration using 

vacuum pump. To 20 mg NaBH4 dissolved in 10 ml of 0.5 M NaOH, added 10 ml of 1,4-

butandiol diglycidyl ether (99%) (Sigma Aldrich 124192) and filtered resin. The mixture 

was put at 25°C with gentle shaking for 24 hours. The resin was extensively washed with 

200-300 volumes of distilled water through filtration using vacuum pump. To 2 g 

iminodiacetic acid (disodium salt) dissolved in 10 ml 2 M Na2CO3 resin was added and 

incubated in a 65°C water bath with constant gentle agitation for 24 hours. Iminodiacetic 

acid activated Sepharose  6B was washed first with 100-200 distilled water through vacuum 

pump attached filtration assembly and then with 0.5M EDTA in 1M NaCl to remove any 

metal ion bound to the resin. To remove EDTA resin was washed with buffer (0.02 M Tris-

Cl, 0.15 M NaCl pH 8.5). Resin was charged with Ni
2+

 by adding 3mg/ml solution (50 ml) 

of NiSO4 for 1 hour on shaker. Finally resin was suction dried using vacuum pump and 

stored at 4°C.  

Resin was equilibrated before mixing with protein solution. Resin was put on 

shaking for 10 min in 5 column volumes of binding buffer, centrifuged at 6,000rm for 5 min 

and decanted. Equilibration procedure was repeated two more times.  

2.8.2 Affinity chromatography purification of TB16.3 and echA1  

Cells harvested after growth in M9NG medium were lysed through sonication (25 cycles of 

25sec pulse and 35 sec rest at 60amplitude) in binding buffer (20 mM Tris-Cl pH 8.0, 0.5 M 
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NaCl, 10 mM imidazole (Scharlau 1283). After centrifugation at 20,000 rpm to remove 

insoluble debris, supernatant was added to pre-equilibrated Ni-Sepharose resin, mixture was 

incubated on a racking platform for 15 min at 60 rpm. Ni
2+

 affinity resin typically binds ~ 

10mg of protein per millilitre of resin. The suspension was transferred to a glass column. 

Allow binding buffer to drain through column. Column was washed with 3 column volumes 

of sonication buffer and then 3 column volumes of wash buffer (20mM Tris-Cl pH 8.0, 

0.5M NaCl, 20mM imidazole). The bound proteins eluted stepwise with 6 column volumes 

of imidazole elution buffer (20 mM Tris-Cl pH 8.0, 0.5 mM NaCl) containing increasing 

concentrations of imidazole (i.e. 50 mM, 100 mM, 150 mM, 200 mM, 250 mM and 300 

mM imidazole). SDS-PAGE of each fraction collected was done and fractions containing 

specific proteins were pooled and dialysed against 20 mM TrisCl pH 8.0. 

2.8.3 PURIFICATION AND REFOLDING OF PstS1, tnPstS1, TB16.3-

echA1 AND TB16.3-tnPstS1 

The expression of proteins that resulted in the formation of cytoplasmic granules or 

inclusion bodies (composed of insoluble aggregates of the expressed protein) was purified 

in two steps. First, inclusion bodies were washed with Triton X-100 to remove soluble, 

adherent bacterial proteins from aggregated foreign protein. In second step washed 

inclusion bodies were solubilized in 8M urea and then denatured target protein was 

refolded.  

2.8.3.1 Washing and solubilization of inclusion bodies 

The E.coli cells expressing protein of interest were harvested, washed in wash buffer 

(20mM Tris-HCl, 0.5M NaCl, pH 8.0) and then lysed ultrasonically (25 cycles of 25 sec 
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pulse and 35 sec rest at 60 amplitude). After centrifugation supernatant was decanted and 

inclusion bodies pellet was washed twice with 0.5% (v/v) Triton X-100 in wash buffer.  To 

remove Triton X-100 pellet was washed two times with wash buffer and one time with 

distilled water. The washed inclusion bodies were solubilized by adding urea buffer (20 mM 

Tris-HCl pH 8.0, 0.5 M NaCl, 10mM Imidazole 8 M urea, prepared freshly) and mixed by 

shaking at 60 rpm at room temperature. Then centrifuged at 20,000 rpm for 15 min at 4 °C 

and supernatant was collected. Denatured recombinant protein was purified and refolded in 

a single step by metal-ion-affinity chromatography. 

2.8.3.1 Refolding and purification 

Ni-Sepharose resin pre-equilibrated with urea buffer was mixed with urea dissolved 

proteins at room temperature for 15 min. After packing column with protein bound resin, it 

was washed with 5 column volumes of urea buffer. On column refolding of the adsorbed 

protein was then performed using decreasing step gradient of urea from 8 to zero molar with 

the interval of two. Following refolding, protein was eluted with increasing step gradient of 

50-300 mM imidazole in elution buffer (20mM Tris-HCl pH 8.0, 0.5M NaCl). Fractions 

from different imidazole concentrations were analysed on SDS-PAGE. Protein containing 

fractions were pooled and dialyzed against 20mM Tris-HCl buffer pH 8.0. 

2.8.4 ANION EXCHANGE COLUMN CHROMATOGRAPHY OF echA1 

The pooled fractions containing echA1 protein from affinity chromatography purification 

were dialyzed against 20mM TrisCl pH 8. Dialyzed sample was filtered through a millipore 

filter (0.45 μm) and applied to an anion exchange column RESOURCE Q. Column was pre-

equilibrated with five column volumes (30 ml) of 20 mM Tris-HCl pH 8, with a flow rate of 
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3.0 ml/min. 5 ml of protein solution was loaded on the column at a flow rate of 1 ml/min 

and the column was washed with two column volumes of the equilibration buffer. The 

protein elution was done using a linear gradient of NaCl (0 to 1 M) in 20 mM Tris-HCl pH 

8. The elution profile was monitored at 280 nm and 260 nm. Fractions were collected on 

peak of 280nm and samples were run on SDS- polyacrylamide. Fractions containing echA1 

were combined and dialyzed against 20 mM Tris-HCl pH 8. 

2.8.5 PROTEIN ESTIMATION 

Protein quantification at different steps of purification was done either by Bradford assay 

(68) or through spectrophotometer. For Bradford assay standard curve of bovine serum 

albumin was used. For quantification through spectrophotometer following formula was 

used: 

Protein concentration (mg/ml) = 1.55 (A280 x DF) – 0.76 (A260 x DF) 

 

Where DF =Dilution factor 

 

 

2.9 STRUCTURAL ANALYSIS OF M.tb ANTIGENS 

2.9.1 CIRCULAR DICHROISM  

Circular dichroism (CD) data was collected on a Chirascan Plus CD spectrophotometer 

(Applied Photophysics) calibrated with an aqueous solution of 1S-(+)-10-camphorsulphonic 
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acid (C2107 Aldrich) and equipped with a Peltier thermal-controlled cuvette holder. The 

measurements were obtained in a quartz cell of 0.05 cm path length at temperature of 20°C. 

PstS1, tnPstS1 proteins were used at concentration of 200 µg/ml, while TB16.3 was used at 

250 µg/ml concentration. Each reported wavelength spectrum was the result of averaging 

two consecutive scans with a bandwidth of 1.0 nm. The wavelength spectra were processed 

by first subtracting a blank spectrum (Buffer only).  

The secondary structure content of protein was calculated using the CD spectrum 

deconvolution software CDNN (68). This software calculates the secondary structure of the 

peptide by comparison with a CD database of known protein structures. 

A thermal denaturation curve for PstS1 was obtained by recording CD spectra at 

intervals of 5°C from 20 to 90°C and plotting the ellipticity at 210 nm.  

2.9.2 STRUCTURE PREDICTION  

Protein structures of TB16.3, tnPstS1, TB16.3-tnPstS1, TB16.3-echA1 were predicted 

through computer algorithm programs I-TASSER or MUFOLD (69, 70). Amino acid 

sequences of proteins were submitted and after analysis 3-D structures of proteins based on 

multiple-threading alignments were provided. PDB structures were modified for easily 

visualization through Jmol (http://www.jmol.org/).  

2.10 RECOMBINANT ANTIGENS AND FUSION PROTEINS 

EVALUATION WITH RABBIT POLYCLONAL ANTISERA 

The administration of an immunogen in vivo stimulates different cells of the immune 

system, giving rise to a mixed population of antibodies derived from a number of B-
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lymphocyte clones. Serum taken from an immunized animal containing these antibodies is 

referred to as a polyclonal antiserum.  

2.10.1 PRODUCTION OF RABBIT POLYCLONAL ANTIBODIES  

Polyclonal antibodies were raised against TB16.3, echA1 and PstS1 recombinant antigens. 

For each antigen, two rabbits were used. One rabbit from each antigen group was 

immunized using Freund’s adjuvant and the other using TiterMax adjuvant. Adjuvant 

improves specific antibody titer as they allow slow release of antigen, thus ensuring 

continual existence of antigen to stimulate immune system. Rabbit of local Lahore breed 

was injected subcutaneously with a mixture consisting of 0.125 mg purified recombinant 

antigen dissolved in 500 µl of PBS buffer (10m M Na2HPO4, 2m M KH2PO4, 137 mM 

NaCl, 2.7 mM KCl) and an equal volume of complete Freund’s adjuvant (F5881 Sigma) on 

the back and proximal limbs. The rabbits were boosted three times with the mixture 

containing 0.125 mg antigen dissolved in 500 µl of PBS buffer and mixed with an equal 

volume of incomplete Freund’s adjuvant (F5505 Sigma) after four, six and eight weeks. 

Injections were prepared by mixing adjuvant and protein sample through two injections 

connected through gauge until thick water in oil emulsion was formed. The integrity of 

emulsion was checked by dropping emulsion on the surface of cold water filled beaker, 

where drop remained cohesive.  
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Fig. 2. 4. Production of rabbit polyclonal antibody. 

 

In a parallel experiment, one rabbit for each antigen was immunized with TiterMax 

adjuvant (H4397 Sigma).  Injections were prepared by mixing 300 µl of 0.4 mg/ml 

recombinant protein in PBS buffer with equal volume of TiterMax adjuvant. Preimmune 

serum, taken a few days before first antigen injection, from the same rabbit was used as 

negative control. Additionally, one rabbit was immunized with only PBS buffer mixed with 

Freund’s adjuvant in the same pattern as for other antigens.  

            Two weeks after each immunization, serum was harvested from the carotid artery. 

Blood was drawn from the marginal vein of the ear of each rabbit, after four weeks interval. 

For serum preparation, blood was centrifuged at 5,000 rpm for 15 min after one hour of 

withdrawal and upper serum was separated from blood debris and stored at -80°C for 

further use. 
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2.10.2 WESTERN BLOT 

Evaluation of the raised antibody with antigens was done by immunobloting as well as 

ELISA. For Western blot, in the first step, protein samples were run on SDS-PAGE in 

duplicate on two gels. One gel was stained with Commassie Blue dye and the other was 

used in blotting. Then the gel containing protein and Amersham Hybond ECL 

Nitrocellulose Membrane (RPN2020D GE Healthcare) were pre-wetted in transfer buffer 

separately. From the gel proteins were transferred to nitrocellulose membrane for 2h at 70V 

using transfer buffer containing 25 mM Trizma base, 192 mM glycine and 20% methanol. 

Membrane was removed and after brief rinsing, immersed in 2% (w/v) BSA dissolved in 

TBS-T buffer (200 mM Tris-HCl, 1.5 M NaCl, 0.1% Tween-20) overnight at 4°C. After 

blocking, membrane was briefly washed using two changes of TBS-T wash buffer and then 

one wash for 15 min and twice for 5 min with fresh changes of TBS-T wash buffer. 

Membrane was incubated with 1:500 dilution of rabbit serum at room temperature for 1 h 

on shaking. Membrane was washed with TBS-T buffer as described earlier and incubated 

for 1 h with 1:4,000 dilution of horseradish peroxidase conjugated anti-rabbit IgG (Sigma 

Aldrich A9169) in TBS-T. After washing the membrane was reacted with the TMB 

substrate that was prepared freshly as mentioned in section 2.10.2.1. The reaction was 

stopped by rinsing the membrane with distilled water.   

2.10.2 ELISA 

In general, to an antigen coated microtiter plate, antibody in sample binds and that then 

react with an enzyme-conjugated secondary antibody. After unbound reagents are washed, 

change in colour due to enzymatic reaction is recorded. 
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2.10.2.1 Preparation of chemicals and buffers used in ELISA 

Borate buffer (pH=8): 0.74g KCl, 0.62g boric acid, dissolve in 200 ml H2O and pH 8 

adjusted  with NaOH.  

 

Phosphate buffer saline (25mM): To prepare PBS 50 ml of stock 1 and 50 ml stock 2 was 

mixed and volume was made up to one litre.   

Stock 1: One litre Phosphate buffer (0.5M) pH7.4 was prepared by mixing Na2HPO4 

anhydrous 70.6 gm and NaH2PO4 59.6 gm in distilled water. 

Stock 2:  3M NaCl was prepared by dissolving 175.3 g NaCl in one litre distilled water.  

 

Substrate TMB (3,3’,5,5’-tetramethylbenzidine): Working substrate was prepared prior to 

use by mixing 9.9 ml 0.1M  sodium acetate buffer, 1.5 μl 30% H2O2 (final conc. 1.3mM or 

0.0045%) and 0.1 ml of stock TMB. In this working TMB substrate solution final conc. of 

H2O2 was 1.3mM or 0.0045% and TMB final conc. was 0.1mg/ml.  

To prepare 0.1M citrate acetate buffer 1.36 g sodium citrate trihydrate (TA651898 Merk)  

was dissolved in distilled water and pH=6 was adjusted with citric acid (0.2M) and final 

volume was made up to 100 ml.  Stock TMB was prepared by mixing 10mg TMB (190277 

MP) in 1 ml DMSO and store at 4°C in dark container. 

Stop solution: Enzyme reaction in ELISA was stopped by adding 2M sulphuric acid.  That 

was prepared by adding 11 ml concentrated H2SO4 (Riedel-de Haën, code # 07208) in 100 

ml distilled water. Stored at room temperature.  
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2.10.2.1 ELISA procedure 

The solution of antigen for coating was made in KCl borate pH-8 coating buffer at 2 µg/ml 

concentration. 100 µl of antigen in coating buffer was added to wells of the Maxisorp 

microtiter plate (Nunc, Denmark). Plates were then placed in an air-tight container, lined 

with paper towels that have been pre-wetted with distilled water and incubated overnight at 

4°C. After this step, plates were washed four times in PBS-T (PBS buffer with 0.05% 

Tween 20) and blocked with 2% BSA for 1 h at 37°C. 100 µl of appropriately diluted rabbit 

serum was added to each well. Plates were then incubated for 1 h at 37°C. After incubation, 

plates were washed and incubated with horseradish peroxidase-conjugated anti-rabbit IgG 

(Sigma Aldrich A9169) at working concentration 1:5,000 for 1h at 37°C. After washing 6 

times, 100μl TMB was added to the plates followed by exposure for 20 minutes. The 

reaction was terminated with 2 M H2SO4 and the OD450/630 value was then read with 

HUMAREADER plus (Human, GmBH). All reactions were done in duplicate and averaged 

values were reported.  
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2.11 RECOMBINANT ANTIGENS AND FUSION PROTEINS 

EVALUATION WITH HUMAN PLASMA 

2.11.1 SAMPLE COLLECTION  

Plasma samples from 180 TB patients confirmed on basis of growth of M.tb on Lowenstein-

Jensen (LJ) medium was included. These consist of 90 samples from acid fast smear 

microscopy positive and another 90 samples from smear microscopy negative. Plasma was 

collected from patients with pulmonary tuberculosis in Gulab Devi Hospital, Lahore. A 

brief history of disease was obtained and all patients had given informed consent (appendix 

I). All the samples were collected before the start of the anti-tuberculosis treatment.  

The control group included 175 plasma samples that belong to two groups.  

i. First group contained 125 samples from healthy individuals who had neither history 

of tuberculosis nor any contact with tuberculosis patient. All healthy controls 

received M. bovis BCG vaccination during childhood.  

ii. The remaining 50 samples fall were collected from patients with chronic obstructive 

pulmonary disease (COPD) but they were found TB negative on basis of culture on 

LJ medium.  

2.11.2 OPTIMIZATION OF ELISA CONDITIONS 

As enzyme linked immunosorbent assay involves the assembly of a large immune complex 

with multiple components, therefore optimization is essential to maximize signal detection. 

Maxisorp microtiter plates (Nunc, Denmark) were used for coating. These have polystyrene 

surface with a flat bottom for maximum transmission of light when plates are read on 

monochromatic reader.  
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2.11.2.1 Antigen coating  

Coating of antigens on solid surface was carried out by passive adsorption. Passive 

absorption between protein and solid plastic surface is the result of hydrophobic interactions 

but some electrostatic forces may also contribute (71). This depends on various factors such 

as coating molecule concentration, coating conditions (incubation temperature & time) and 

coating buffer pH. The recombinant antigens were tested for concentrations ranging from 1 

to 0.1µg/ml. At each antigen concentration, plasma samples from four patients and four 

healthy controls were tested with 1:100 dilutions and a 1:10,000 dilution for secondary 

antibody. The difference between mean of patients and mean of controls was compared to 

select optimum antigen concentration.  

2.11.2.2 Effect of coating condition 

Coating time and temperature affect the rate of interaction between protein and solid 

surface. Two recommended antigen coating conditions 4°C, overnight and 25°C, 2h were 

checked using the optimum antigen concentration. Plasma samples from four patients and 

four healthy controls were tested and the difference between mean of patients and mean of 

controls was compared to select the best condition.  

2.11.2.3 Blocking buffer 

Blocking buffers are considered to prevent non-specific binding of proteins to the plate and 

usually consist of formulations of proteins. Non-specificity is caused by binding of 

immunoreagent and sample components to the solid surface, other than coating antigen. 

Four blocking buffers 2% BSA, 3% Fish gelatin, 1:2000 antihuman IgG (truncated) (Code 

M06014 Sky Bio clone 8a4), 3% ByCoA (Hydrolysed gelatin, Croda UK) were checked for 
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each M.tb antigen using plasma samples from a group of four patients and a group of four 

controls. The difference between the mean of each group was compared to select the most 

effective blocking buffer.  

2.11.3 OPTIMIZED ELISA PROCEDURE  

The assay protocol established after optimization and used to analysed plasma samples of 

TB patients and controls was as follows: 

 Microtiter plates were coated overnight at 4°C with 100 μl per well of coating 

solution in Borate buffer pH 8 in humid chamber. TB16.3, echA1 and PstS1 coating 

solution was of 2μg/ml concentration, while fusion proteins optimized coating 

solution concentration were 4μg/ml.  

 Plates were washed four times with PBST (PBS buffer with 0.05% Triton X-100)  

 200 µl of blocking buffer consisting of 2% solution of bovine serum albumin in PBS 

was added in each well and incubated for 1 h at 37 °C. T 

 Washed four times with PBS-T.  

 1:100 dilution of each plasma sample was made with PBS and 100 µl of diluted 

plasma was added to each well and incubated for 1 h at 37°C. 

 Washed four times with PBS-T. 

 Plates were incubated with 100 µl horseradish peroxidase-conjugated anti-human 

antibody (MP 55221) at working concentration 1:10,000 (1:10k) for 1 h at 37 °C.  

 Washing six times 

 100 µl TMB (3,3’,5,5’-tetramethylbenzidine) substrate solution was added to each 

well and incubated at room temperature for 7 min.  
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 The reaction was terminated with 2 M H2SO4 and the OD450/630 was then read 

with HUMAREADER plus (Human, GmBH).  

 All reactions were done in duplicate and averaged values were reported.  

2.11.4 REFERENCE STANDARD FOR THE SEROLOGY STUDY 

Growth of M.tb on LJ medium was used as reference standard in all patients suspects of TB, 

as culture is considered as gold standard. In each ELISA plates, positive and negative 

control serums for each antigen were also used. The negative control serum was from a 

healthy individual and the positive control serum was from culture confirmed pulmonary 

TB patient with high OD value for antigen. These positive and negative controls were from 

same group of healthy controls and patients that were used for optimization of antigen 

concentration. 

2.11.5 DATA ANALYSIS 

Nonparametric Mann-Whitney test was used to see that the OD values for TB patients and 

controls were statistically significant while p < 0.001 was considered to be significant. 

2.11.5.1 Sensitivity and specificity  

The ELISA results for each of the antigen were analysed using a cut-off value, which is a 

total of the mean optical density of controls plus a factor obtained by multiplying standard 

deviation with 2.576.  

Cut-off = MC + (SD X 2.576) 

Where  

 MC = Mean OD of control samples 
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 SD = Standard deviation of control samples 

Samples with optical density value greater than cut-off values were scored positive. 

Sensitivity was determined by dividing the number of positive cases by the total number of 

TB patients.  

Sensitivity = No of Positive / Total TB patients 

Specificity was determined by dividing the number of controls found negative by the total 

number of controls. 

Specificity = No. of negative / Total controls 

2.11.5.2 ROC analysis 

Sensitivity and specificity was also analyzed by receiver operating characteristic (ROC) 

curve obtained using GraphPad Prism version 5.04 for Windows (GraphPad Software, 

California USA). The ROC curve is a graphical presentation for assessing the ability of a 

test to differentiate between those with disease and those without disease (72). Standard 

deviation and Area under the curve along with their 95% CI were also reported.  
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SECTION III   

RESULTS 
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3.1 GENOMIC DNA ISOLATION 

Genomic DNA was isolated from culture of Mycobacterium tuberculosis on LJ medium.  

After RNase treatment the DNA was detected on 1% agarose gel (Fig. 3. 1) and the aliquots 

with good yield were combined.  

 

 

Fig. 3. 1. 1% agarose gel of M.tb genomic DNA isolated. Lane M, DNA Marker; Lane 1, 2 

and 3 genomic DNA isolated in different aliquots.  

 

The concentration of genomic DNA estimated spectrophotometrically was 246 

µg/ml.  Ratio 260/280 is used to assess purity of DNA in a sample. A DNA sample with 

ratio 260/280 =1.8 is considered to be pure. M.tb genomic DNA gave ratio 260/280 =1.78, 

indicating DNA sample with negligible contaminants. 
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3.2 PRODUCTION OF M.tb PROTEIN ANTIGENS 

Total six proteins including three M.tb antigens TB16.3, echA1, PstS1 and one truncated 

form of PstS1 i.e. tnPstS1 plus two fusions TB16.3-echA1 and TB16.3-echA1 were 

expressed in E.coli BL21 Codon Plus and purified through affinity chromatography.  

3.2.1 CLONING OF TB16.3, echA1 AND PstS1 GENETIC REGIONS 

3.2.1.1 PCR Amplification 

PCR reactions were setup using gene specific primers for amplification of TB16.3, and 

echA1and pstS1genes. Amplified products of TB16.3 (435bp) (Fig. 3. 2. A) and echA1 

(789bp) (Fig. 3. 2. B) and pstS1 (1125bp) (Fig. 3. 2. C) genes were observed on 1% agarose 

gel. Genomic DNA isolated from M.tb was used as template for PCR reaction. PCR 

products were initially checked at 2mM and 3mM MgCl2 concentrations. Negative control 

was also run containing no template.  

 

Fig. 3. 2. PCR products (A) TB16.3 (B) echA1 (C) PstS1 on 1% agarose gel Lanes M, 

marker Lane; 1, 3mM MgCl2; 2, 2mM MgCl2; 3, negative control. 
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3.2.1.2 T/A cloning 

The gel extracted and purified PCR amplicons were ligated into pTZ57R/T vector. The 

recombinant plasmids pTZ-TB16.3, pTZ-echA1 and pTZ-PstS1 thus obtained were 

transformed into E. coli DH5α. For each construct several white colonies from X-gal, IPTG 

containing plate were picked and screened through colony PCR using gene-specific primer 

sets. PCR products when run on 1% agarose (Fig. 3. 3), the positive transformed colonies 

showed an amplified product of the same size as the size of corresponding gene.   

 

 

 

 Fig. 3. 3. 1% agarose gels showing colony PCR results. Lane M. Marker; Lane1-6, colonies 

screened for insert (A) TB16.3, (B) echA1 and (C) PstS1. 
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pTZ-TB16.3, pTZ-echA1 and pTZ-PstS1 plasmids were isolated from the positive 

clones observed in colony PCR of each construct and double restricted with corresponding 

restriction enzymes to confirm presence of insert. When run on agarose gel, two DNA 

bands were observed for each successful recombinant construct. The upper band 

corresponds to the vector, and the lower band corresponds to the size of gene (Fig. 3. 4). 

  

 

Fig. 3. 4. Agarose gels (1%) showing restriction analysis of pTZ-TB16.3, pTZ-echA1, pTZ-

PstS1 (A) DNA fragment of TB16.3(~450bp) after restriction of pTZ-TB16.3 with 

NdeI/HindIII (B) DNA fragment of echA1 (~800bp) after double digestion of pTZ-echA1 

with NdeI/BamHI. (C) DNA fragment of PstS1(~1200bp) after digestion of pTZ-PstS1 with 

NdeI/EcoRI.  Lanes: M, DNA size marker; 1, double digested plasmid; 2, undigested 

plasmid. 

 

Colony PCR and restriction analysis positive transformants were further confirmed 

through sequence analysis. The two sequences of each construct, forward and reverse were 
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aligned and nucleotide sequence of full gene was presumed. The nucleotide sequence was 

aligned with previously published gene sequence showed 99% identity. 

3.2.1.3 Cloning into pET 28a(+) 

The confirmed construct were transferred to pET 28a(+) expression vector. The pTZ-

TB16.3, pTZ-echA1 and pTZ-PstS1 constructs were digested with NdeI/HindIII, 

NdeI/BamHI and NdeI/EcoRI restriction enzymes, respectively. The inserts with sticky ends 

were ligated with linearized pET 28a(+) vector (digested with corresponding restriction 

enzymes). All restriction products were gel purified before ligation and run on 1% agarose 

gel (Fig. 3. 5). 

           

Fig. 3. 5. Gene clean of double restricted (A) TB16.3, (B) echA1, (C) PstS1.  

 

The new constructs in pET 28a(+) vector were transformed into E.coli DH5α cells. 

Restriction analysis of plasmids isolated from transformed colonies, grown on kanamycin 

supplemented medium, confirmed the successful transformation. Double restriction of 

transformed plasmids lead to release of two bands corresponding to vector and gene of 

interest as shown in Fig. 3. 6. 
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Fig. 3. 6. Agarose gels (1%) showing presence of the insert in positive transformants 

confirmed by double digestion of recombinant pET vectors.  (A) ~500bp  DNA fragment of 

TB16.3, (B) ~800 bp DNA fragment of echA1 and (C) ~1200 bp DNA fragment of PstS1. 

Lanes: M, DNA size marker; 1, double digested plasmid; 2, undigested plasmid      

 

3.2.2 EXPRESSION AND PURIFICATION OF TB16.3 AND echA1 

ANTIGENS 

3.2.2.1 Expression of TB16.3 and echA1 

The recombinant plasmids were transformed into E. coli BL21 (λDE3) Codon Plus for 

expression studies. The cells from transformed colony was allowed to grow in LB medium 

and induced with 0.5mM IPTG when OD reached 0.6. From the culture, samples were taken 

at every two hours after induction and absorbance at 600nm was also measured to check 

maximum expression time. Protein expression was analysed through SDS-PAGE analysis 

(section 2. 2. 7), the target proteins were present as a unique band when run adjacent to an 

uninduced lysate of E.coli cells (Fig. 3.7).  
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Fig. 3. 7. SDS-PAGE analysis of cell proteins of E. coli cells transformed with p-TB16.3 

(A) and p-echA1 (B). Lanes 1: Uninduced; 2-5: induction for 0, 2, 4, 6 and 8 h, 

respectively.  

 

Expression was increased with time with maximum cell density at 6 hours after 

induction. Expression level of TB16.3 and echA1 was 30% and 26% respectively of total 

cell protein as determined through Syngene Software.  Table 3.1 shows expressed protein 

size, expression level and yield.  

 

Table 3. 1. TB16.3 and echA1 expression level and yield in E.coli 

Protein  Size 

(kDa) 

Expression  

(% of total cell protein) 

Yield 

(mg/OD
600

/L) 

TB16.3 18 30 54 

echA1 29 26 47 
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3.2.2.2 Optimization of Expression conditions 

      To optimize IPTG concentration E. coli cells expressing each construct were allowed to 

grow in 5 different flasks each containing 20ml LB medium. After 6 hours of induction with 

0.1mM, 0.25mM, 0.5mM, 0.75mM and 1mM IPTG, samples were taken from culture and 

run on 12% SDS-PAGE (Fig. 3. 8). TB16.3 and echA1 expressions were observed at all 

concentrations of IPTG. There was not considerable difference for TB16.3 expression at 

different concentrations, although echA1 expression was maximum at 0.5 mM IPTG. 

 

      

Fig. 3. 8. 12% SDS-PAGE of cells expressing (A) TB16.3 and (B) echA1 at different IPTG 

concentrations. M, molecular weight marker, lane 1, Uninduced; lanes 2-7, total cell protein 

of post induced samples at 6 hours with 0.1, 0.25, 0.5, 0.75 and 1mM IPTG.  

 

Auto-induction medium M9NG was used to observe effect of lactose induction on 

expression level and growth of transformed E.coli BL21 CodonPlus cells.  Induction in 

M9NG medium is triggered by lactose after consumption of all glucose, therefore 16 hours 
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incubation was done. SDS-PAGE analysis of culture samples taken at 4, 6, 8 and 16 h of 

incubation as shown in Fig. 3. 9. Expression increased up to 8 hours and then remained 

constant during rest of the period. Cell density reached to an OD600 value of 5 and 4 for TB 

16.3 and echA1.                    

 

Fig. 3. 9. 12% SDS-PAGE of cells expressing (A) TB16.3 and (B) echA1 in M9NG 

medium with 10mM lactose. Lane 1: Uninduced, lanes 2-5: Total cell lysate at 4, 6, 8 and 

16 hours of growth. 

 

3.2.2.3 Effect of low temperature on echA1  

E.coli BL21 CodonPlus cells expressing echA1 were grown at low temperature, in M9NG 

medium in the perspective of increasing expressed protein in soluble fraction. After 16 

hours of growth cells were lysed through sonication, and SDS-PAGE analysis of 

supernatant and pellet fractions showed that echA1 was entirely present in supernatant 

fraction (Fig. 3. 10). Samples taken after 2h, 4h, 6h and 16h showed that at low temperature 

the expression of cells was low in initial hours, but after 16 hours expression was 

comparable with that at 37°C.  
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Fig.3. 10. SDS-PAGE analysis of expression of echA1 in BL21 CodonPlus cells grown at 

low temperature in M9NG medium. M, molecular weight marker; lane 1, uninduced cell 

lysate; lanes 2-5, cell lysate at 2, 4, 6 and 16h after induction; lane 6, supernatant after 

sonication; lane 7, pellet after sonication .   

 

3.2.2.4 Purification TB16.3 and echA1 through Ni-chromatography 

In order to purify TB16.3 and echA1 with His6 tag at N-terminal, cells were lysed through 

sonication and supernatant fraction was mixed with Ni-sepharose resin. His-tagged proteins 

remained bound to resin while unbound proteins washed out when resin was loaded on 

column. During washing of column with buffer containing 20 mM and 50 mM imidazole 

most of the E. coli cell proteins having no interaction with Ni-resin were removed. Bound 

His tagged proteins were eluted from the column in fractions using elution buffer with 200 

mM, 250 mM and 300 mM imidazole. The fractions of 250 mM and 300 mM imidazole 

with good concentrations of recombinant proteins were pooled and dialyzed against 20mM 

TrisCl buffer using a dialysis tube with cut off of 12 kDa. At each step of purification 

samples were taken for SDS-analysis (Fig.3.11 and 3.12).  
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Fig. 3. 11. TB16.3 purification through Ni-chromatography analysed on SDS-PAGE. M, 

marker; lane 1, total cell lysate of uninduced cells; lane 2, induced cells ; lane 3, supernatant 

of lysed cells loaded on column; lane 4, flow throw from Ni-column; lanes 5, 6, elution 

fractions with increasing concentrations of eluent. 

 

                       

 

Fig. 3. 12. SDS-PAGE analysis of echA1 protein purification through Ni-affinity 

chromatography. M, marker; lanes 1, total cell lysate of uninduced cells; lane 2, induced 
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cells ; lane 3, supernatant of lysed cells loaded on column; lane 4, flow through from 

column; lanes 5, 6, 7, eluted fractions 

3.2.2.5 Anion exchange chromatography of echA1 

Pooled fractions of affinity chromatography were run on 15% SDS acrylamide gel, showed 

two extra protein bands other than echA1. Therefore, anion exchange chromatography was 

done. During chromatography absorbance at 280nm was noted to monitored protein. After 

elution with a gradient of 1M NaCl, a peak was observed as shown in Fig 3.13.  

 

Fig. 3. 13. Anion exchange chromatography of the echA1. Blue line represent Absorbance 

at 280 nm while green line represent eluent (NaCl) concentration. 
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Fig. 3. 14. Anion exchange chromatography on 15% SDS-PAGE. Lane M: molecular mass 

markers; lane 1: affinity chromatography purified sample after dialysis against 20 mM Tris-

Cl; lane 2 and 3: fractions obtained after anion exchange chromatography with Resource Q.  

Fractions of the peak when run on SDS-PAGE showed two bands, major band 

corresponding to 29kDa echA1 protein and a minor band of smaller size (Fig. 3.14). Anion 

exchange chromatography was repeated, but samilar results were obtained. 

3.2.3 CLONING OF tnPstS1 

Fig. 3. 15 shows schematic illustration of the 374 amino acid PstS1 showing positions of the 

epitopes, as well as the 264 amino acid truncated molecule (tnPstS1) obtained by removing 

96 and 14 residues from the N- and C- terminals, respectively. 

 

 

 

Fig. 3. 15. Schematic diagram showing PstS1 antigen and the truncated protein tnPstS1 with 

epitopes.  

3.2.3.1 PCR to amplify region corresponding to tnPstS1 

Using tnPstS1F and tnPstS1R primers ~800bp region was amplified on two concentrations 

of 2 mM and 3 mM MgCl2. The yield of amplified products was almost equal, when 

analysed on 1% agarose gel (Fig. 3. 16)  
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Fig. 3. 16. 1% agarose gel showing amplified tnPstS1. M, Marker; 1, PCR with 2mM 

MgCl2; 2, 3mM MgCl2 

3.2.3.2 Ligation into pET 28a(+) 

Primers were designed to incorporate NdeI and HindIII restriction sites on 5` and 3` site of 

amplified product.  pET 28a(+) vector and amplified product, were double restricted with 

NdeI and HindIII. After gel purification (Fig. 3. 17), DNA concentration in each sample was 

estimated and ligation was done using T4 ligase.  

                                               

Fig. 3. 17. Double restricted tnPstS1 and pET 28a(+) after gel purification. M, marker; 

lane1, NdeI and HindIII restricted tnPstS1; lane 2, NdeI and HindIII restricted pET 28a(+)  
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E.coli DH5α cells were transformed with ligation and cells were screened on 

kanamycin containing plates. Four colonies were screened by colony PCR using tnPstS1F 

and tnPstS1R primers. Nucleic acid product with expected size of ~800 was observed in 

positive transformants when colony PCR products were run on 1% agarose gel (Fig. 3. 18. 

A). The presence of appropriate insert was also confirmed by restriction analysis. P-tnPstS1 

isolated plasmid from colony PCR positive culture was restricted with NdeI and HindIII and 

DNA products were analysed on 1% agarose gel electrophoresis (Fig. 3. 18. B).   

 

                 

 

Fig. 3. 18. Confirmation of cloning of tnPstS1 in pET 28a(+) vector. (A) Colony PCR 

results run on 1% agarose gel. M, marker; lanes 1-4, PCR amplified DNA products of 

transformed colonies. (B) DNA products of ~5.8kb linearized vector and ~800bp insert, 

after NdeI and HindIII double restriction of plasmid isolated from transformed colony. M, 

marker; lane 1, double restriction products 
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3.2.4 Expression and purification of PstS1 and tnPstS1 

3.2.4.1 Expression of PstS1 and tnPstS1 

E. coli BL21 CodonPlus (RILP) cells harbouring p-PstS1 and p-tnPstS1 plasmids upon 

induction with IPTG expressed 40 kDa and ~29.5 kDa size proteins, respectively (Fig. 3. 

19). The levels of the proteins expressed, as determined by densitometric analysis of SDS-

PAGE gel using Syngene Gene Tools software, were 15% and 25% of PstS1 and tnPstS1, 

respectively of the total cell proteins. Upon lysis of the E. coli cells expressing PstS1 and 

tnPstS1 proteins trough sonication, both proteins were present in the pellet fraction in the 

form of inclusion bodies. 

 

  

                        (A)            (B) 

Fig. 3. 19. SDS-PAGE of total cell proteins of E. coli cells expressing (A) PstS1 and (B) 

tnPstS1 after induction with 0.5mM IPTG. M, protein marker; lane 1, uninduced sample, 

lane 2, Total cell protein; lane 3, insoluble pellet; lane 4, cell lysate supernatant.  
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E. coli BL21 CodonPlus (RILP) cells harbouring p-PstS1 and p-tnPstS1 were also allowed 

to grow at 18°C. At low temperature, growth rate was decreased but the proteins still 

expressed as inclusion bodies. 

3.2.4.2 Purification of PstS1 and tnPstS1 

Refolding and purification of PstS1 and tnPstS1 was done in a single step on Ni-sepharose 

column. Inclusion bodies were washed with Triton X-100 to remove cellular protein 

contaminants. The washing step increased purity of inclusion bodies without loss of protein 

of interest (Fig. 3. 20). Proteins were loaded on Ni-Sepharose column under non-denaturing 

condition dissolved in 8M urea. After adsorption of proteins on Ni-column, on-column 

refolding was done with stepwise decrease in urea concentration. 

 

                                                                  

Fig.3. 20. SDS-PAGE of the purified and refolded PstS1 and tnPstS1.  Lanes M, protein 

markers; 1, uninduced E. coli cells; lane 2, 5 total cell protein of induced cells; 3 and 6, 

insoluble pellet after lysis; 4 and 7, Ni-affinity chromatography.  
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Then elution was done under zero molar urea.  The dialyzed pooled samples showed 

more than 90% purified protein when analyses on SDS-PAGE (Fig. 3. 20).  Summary of 

purification and yield of PstS1 and tnPstS1 is given in Table 3. 2.  

 

Table 3. 2. Summary of refolding and purification of PstS1 and tnPstS1 

Step Expressed 

variant/total protein 

(mg) 

Recovery 

(%) 

Purity 

(%) 

PstS1 tnPstS1 PstS1 tnPstS1 PstS1 tnPstS1 

Cell lysate 27/178 45/180 100 100 15 25 

IBs 25.1/34.1 41.1/57.9 92.9 91.3 75 71 

Solubilization 24/32 39.7/52.8 88.8 88.2 78 80 

Affinity chromatography 7.8/8.7 17.3/19.3 28.9 38.4 >90 >90 

 

3.2.5 CLONING OF FUSION CONSTRUCTS 

The fusion constructs were cloned in pET28a(+) vector in two steps. First the genetic 

regions corresponding to TB16.3 was cloned in multiple cloning site (MCS) of vector. 

Reverse primer was designed without translation stop codon sequence. After confirmation 

of TB16.3 insert, the DNA corresponding to the other proteins was ligated using 

downstream restriction enzymes of MCS. 
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3.2.5.1 PCR with fusion construct primers  

In order to construct fusion proteins, the genetic regions corresponding to TB16.3, echA1 

and tnPstS1 were amplified using primer sets S1F-S1R, S2F-S2R, S3F-S3R. These primers 

were designed to facilitate cloning of gene of interest into the multiple cloning site (MCS) 

using one or more of the restriction sites. Amplified products were checked on 1% agarose 

gel electrophoresis (Fig. 3. 21). 

 

                                               

Fig. 3. 21. PCR products of genetic regions amplified for fusion construct. Lane 1, echA1 

(782bp); lane 2, TB16.3 (480bp); lane 3, tnPstS1 (792bp). 

 

3.2.5.2 Cloning of TB16.3 without stop codon into pET28a(+) vector 

 TB16.3 genetic region amplified using S1F and S1R primers and pET28a(+) vector were 

restricted with NdeI and EcoRI restriction enzymes. NdeI and EcoRI double digested 

TB16.3 region with no stop codon and vector were gel purified as shown in Fig. 3. 22 and 

then ligated using T4 DNA ligase to make pET TB16.3.  

M       1        2        3           kb 

 

 

3 

 

 

1 

0.5 



79 

 

 

 

                                               

Fig. 3. 22. 1% agarose gel electrophoresis. Lane 1, NdeI and EcoRI double restricted 

TB16.3 amplified product with no stop codon; Lane 2, pET28a(+) restricted with NdeI and 

EcoRI.  

 

E.coli DH5α cells were transformed with ligated product and positive clones were 

checked with NdeI and EcoRI double digestion. Upon digestion of isolated plasmid from 

transformed colony, bands corresponding to 5.8kb pET and 480bp TB16.3 were observed 

(Fig. 3. 23). 

                                                                                                      

Fig. 3. 23. 1% agarose gel of pET TB16.3 plasmid after double digested with NdeI and 

EcoRI. M, DNA marker; lane 1, double digested plasmid. 
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3.2.5.3 Construction of pET-TB16.3-tnPstS1 

Amplified product of primers S3F and S3R were restricted with EcoRI and HindIII. 

Simultaneously pET TB16.3 was also restricted with EcoRI and HindIII in a separate 

reaction. After gel purification of restricted tnPstS1 (~ 800bp) and pET containing TB16.3 

(~6.3kb) as shown in Fig. 3. 24, the two fragments were ligated to form pET TB16.3-

tnPstS1. 

                                                                                              

Fig. 3. 24. 1% agarose gel electrophoresis of EcoRI-HindIII double restricted vector and 

insert after gel purification. Lane 1, pET TB16.3; M, DNA marker; lane 2, tnPstS1 insert 

 

Confirmation of pET TB16.3-tnPstS1 plasmid in transformed E.coli DH5α colony 

was done through restriction analysis. Two sets of double restriction reactions were 

performed on isolated plasmid. NdeI–HindIII double digestion exhibited two bands, one 

~5.8kb band corresponding to linearized pET vector and ~1265bp DNA band of TB16.3-

tnPstS1 insert (Fig. 3. 25). In parallel, digestion of plasmid with EcoRI–HindIII resulted in 

release of ~ 800bp band on 1% agarose gel corresponding to tnPstS1.  
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Fig. 3. 25. Restriction analysis of plasmid pET-TB16.3-tnPstS1. Lane 1, pET-TB16.3-

tnPstS1 unrestricted; lane2, pET-TB16.3-tnPstS1 restricted (NdeI-HindIII, 1262bp);  lane 3, 

pET-TB16.3-tnPstS1 restricted (EcoRI-HindIII, 782bp). 

3.2.5.4 Construction of pET-TB16.3- echA1  

Amplified product of primers S2F and S2R, corresponding to echA1 region, was restricted 

with SacI and HindIII. Simultaneously pET16.3 was also restricted with SacI and HindIII in 

a separate reaction. 

                                       

Fig. 3. 26. Double restricted pET TB16.3 and echA1 with SacI and HindIII on 1% agarose 

gel electrophoresis. M, marker; lane 1, linearized pET TB16.3 (~6.3kb); lane 2, restricted 

echA1 (~800bp).  
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After gel purification of restricted echA1 (~ 800bp) and pET containing TB16.3 (~6.3kb) as 

shown in Fig. 3. 26. The two fragments were ligated to form pET TB16.3-echA1. 

Confirmation of pET TB16.3-echA1 plasmid in transformed E.coli DH5α colony was done 

through restriction analysis. Two sets of double restriction reactions were performed on 

isolated plasmid isolation. As shown in Fig. 3. 27, the result of NdeI-HindIII double 

digestion that exhibited two bands, one ~5.8kb band corresponding to linearized pET vector 

and ~1270bp DNA band of TB16.3-echA1 insert. In another reaction, digestion of plasmid 

with SacI-HindIII resulted in the release of ~800bp band on 1% agarose gel corresponding 

to echA1 (Fig. 3. 27). 

 

 

Fig. 3. 27. Restriction analysis of plasmid pET-TB16.3-echA1. (A) lane 1: pET-TB16.3- 

echA1 restricted (NdeI-HindIII, 1270bp). (B) lane 1, pET-TB16.3-echA1 restricted (SacI-

HindIII, 782bp); lane 2, pET-TB16.3-echA1 unrestricted. 
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3.2.6 EXPRESSION OF FUSION CONSTRUCTS AND PURIFICATION 

3.2.6.1 Expression of fusion constructs 

E.coli BL21 CodonPlus were transformed with pET-TB16.3-tnPstS1 and pET-TB16.3-

echA1 plasmids. The gene expression was induced with 0.05 mM IPTG at 37
o
C.  

 

Fig. 3. 28. 12% SDS-PAGE of total cell proteins of E.coli expressing (A) TB16.3-tnPstS1 

and (B) TB16.3-echA1. Lane M, protein marker; 1, uninduced sample; 2, Total cell protein 

3; insoluble pellet 4, cell lysate supernatant. 

 

Total cell proteins in un-induced and induced samples as well as soluble and insoluble 

fractions after sonication were analyzed on 12% SDS PAGE (Fig. 3. 28). A high level 

expression of TB16.3-tnPstS1 and TB16.3-echA1 was observed at expected size ~46kDa. 

TB16.3-tnPstS1 and TB16.3-echA1 were expressed as 30% and 27% of total cell proteins 

and both proteins were found in insoluble fraction of sonicated lysate.  
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3.2.6.2 Purification of TB16.3-tnPstS1 and TB16.3-echA1 

As TB16.3-tnPstS1 and TB16.3-echA1 were mainly present in the form of inclusion bodies, 

first inclusion bodies were washed with 0.5% Triton X-100, so that most of the cellular 

proteins were removed and ~70% purity was achieved at this step. Proteins were solubilized 

in 8M Urea at pH-8 and then refolded and purified on Ni-sepharose column. Purified 

fractions were analysed on SDS-PAGE (Fig. 3. 29) and fractions containing more than 90% 

of desired protein were pooled and stored after dialysis. TB16.3-tnPstS1 and TB16.3-echA1 

proteins were recovered 31% and 22% percent from inclusion bodies, respectively as 

described in Table 3.3.  

 

 

Fig. 3. 29. Ni-chromatography purification of fusion proteins (A) TB16.3-tnPstS1 and (B) 

TB16.3-echA1. Lane M, molecular weight marker; lane 1,Total cell lysate without IPTG 

induction; 2, total cell lysate (with IPTG); 3, supernatant fraction; 4, inclusion bodies before 

application on the column; 5 and 6, fractions of the eluted recombinant protein 
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Table. 3. 3. Purification summary of the TB16.3-echA1 and TB16.3-tnPstS1proteins  

 
TB16.3-echA1 TB16.3-tnPstS1 

Size (kDa) 46.5 46.2 

Expression (% of total cell protein) 30 29 

Yield (mg/OD
600

/L) 54 52 

Purity (%) after Ni-chromatography 87 90 

Recovery (%) 31 22 

 

3.3 CHARACTERIZATION OF M.tb PROTEINS AND THEIR 

MODIFIED VERSIONS 

3.3.1 TB16.3, echA1 AND PstS1  

3.3.1.1 Production of polyclonal antisera   

Polyclonal antiserum was raised against purified TB16.3, echA1 and PstS1 recombinant 

proteins. All the bleeds collected during immunization of rabbits B0, B26, B45, B53, B60, 

B73 and B80 (where the number represent day after first immunization) were checked for 

raised antibodies through ELISA. As Freund’s complete adjuvant is a mixture of 

oil/surfactant and dead non-pathogenic Mycobacerium butyricium, a more recent TiterMax 

adjuvant was also used. For each antigen total two rabbits were used, one was immunized 

using Freund’s adjuvant and the other using TiterMax adjuvant. The rabbits in which 

TiterMax adjuvant was used, antibody response developed quicker as compared to Freund’s 

adjuvant.  



86 

 

 

 

Fig. 3. 30. shows graph between the harvested bleeds at different interval from 

immunized rabbit and specific antibody response (Absorbance at 450 nm) developed in 

response to immunization in two different adjuvant systems. After primary immunization, 

specific antibody started to appear in the serum within 5-10 days in case of echA1 and 

PstS1. In case of TB16.3 Freund’s adjuvant system antibody response appeared after about 

30 days. The specific antibody concentration continued to rise and this level was sustained 

through administration of booster injections. For each antigen, bleeds with significantly 

high antibody titer were pooled and used in further experiments.  

 

 

Fig. 3. 30 A. Specific antibody responses elicit by TB16.3 in rabbits immunized using 

Freund’s adjuvant system and TiterMax. 
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Fig. 3. 30 B. Specific antibody responses elicit by echA1 in rabbits immunized using 

Freund’s adjuvant system and TiterMax.  

 

 

Fig. 3. 30 C. Specific antibody responses elicit by PstS1 in rabbits immunized using 

Freund’s adjuvant system and TiterMax.  
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3.3.1.2 Development of ELISA 

To detect antibodies circulating in plasma of TB patients against recombinant antigens, 

ELISA assay was developed. Antigen concentration, coating conditions and blocking buffer 

were optimized for enhanced signal detection and lower background.  

Optimization of antigen concentration 

Antibody binding was evaluated in ELISA test with three different antigen concentrations 

(1µg/ml, 2µg/ml and 3µg/ml). Group of patient P (n=4) and group of control C (n=4), were 

tested using a 1:100 dilution for plasma samples and a 1:10,000 dilution for secondary 

antibody. The difference between antibody bindings in the two groups was greatest at the 

2µg/ml antigen concentration as shown in Fig. 3. 31. Based on this result, the 2µg/ml of 

each of TB16.3, echA1 and PstS1 antigen was used for coating in the following 

experiments. 

 

Fig. 3. 31  A. Binding of TB16.3 antigen at 1, 2 and 3 µg/ml protein concentrations.  
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Fig. 3. 31 B.  Binding of echA1 antigen at 1, 2 and 3 µg/ml protein concentrations. 

 

 

Fig. 3. 31 C. Binding of PstS1 antigen at 1, 2 and 3 µg/ml protein concentrations. 
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Effect of coating condition 

For antigens TB16.3, echA1 and PstS1 two conditions checked for coating of antigens and 

results are shown in Table 3. 4. Coating of solution overnight at 4°C showed stronger 

binding for TB16.3, echA1 and PstS1 antigens. Therefore overnight antigen coating at 4°C 

was selected for further experiments. 

Table 3. 4. Optimization of antigen coating conditions 

Antigen Plasma sample group Absorbance at 450nm  

O/N, 4°C 2h, 25°C 

TB16.3 Patient 0.864 0.835 

Control 0.358 0.314 

echA1 Patient 1.345 1.31 

Control 0.87 0.81 

PstS1 Patient 1.067 0.949 

Control 0.681 0.652 

 

Optimization of blocking buffers 

Four solution 2% BSA, 3% Fish gelatin, 1:2k antihuman IgG, 3% ByCoA were checked for 

reducing non-specific binding. Group of patient P (n=4) and group of control C (n=4) of 

plasma samples at dilution of 1:100, were tested using a 2µg/ml of each TB16.3, echA1 and 

PstS1 antigens.  The difference between averaged absorbance at 450nm of the two groups 

was greatest in 2% BSA solution as shown in Fig. 3. 32. Thus, 2% BSA was used for 

blocking for all subsequent experiments.  

  



91 

 

 

 

 

Fig. 3. 32A. Effect of different blocking solutions on assay response with antigen TB16.3 

 

 

Fig. 3. 32 B. Effect of different blocking solutions on assay response with antigen echA1. 
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Fig. 3. 32. C Effect of different blocking solutions on assay response with antigen PstS1.  

 

3.3.1.3 Seroreactivity of TB16.3, echA1 and PstS1 to human plasma  

The Plasma IgG antibody responses of TB16.3, echA1 and PstS1 showed statistically 

significant antibody levels (P<0.001) against the plasma collected from 180 culture 

confirmed TB patients as compared with 175 controls. Controls group comprised over125 

healthy individuals with no history of tuberculosis and 50 patients of chronic obstructive 

pulmonary disease (COPD). Control and patient group response were compared through 

scatter dot plot in Fig. 3. 33.  
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Fig. 3. 33 Analysis of the IgG antibody response to recombinant proteins in healthy controls 

[HC], COPD controls and TB patients [TB] with antigens (A) TB16.3, (B) echA1, (C) 

PstS1 

 

The mean absorbance value (OD450) of TB16.3, echA1 and PstS1 showed a 

statistically significant antibody levels against the plasma collected from TB patients than 

controls indicating that these antigens reactivate with immune system in TB patients. Table 

3. 5 shows sensitivity and specificity of three individual proteins calculated from ELISA 

results. TB16.3 showed sensitivity of 29% with specificity of 98.2%. The sensitivities of 

echA1 and PstS1 were 25.5% and 36.6% respectively, with a specificity of 99.4%. 

 

 

(C) 
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Table 3. 5. Sensitivity and specificity of TB16.3, echA1 and PstS1 proteins 

Antigens 

TB samples positive against the antigens (Sensitivity) Specificity 

Controls 

(n=175) 

Total 

(n=180) 

Smear Positive 

(n=90) 

Smear negative 

(n=90) 

TB 16.3 52(29%)  28(31.1%)  24(26.6%) 98.2% 

echA1 46(25.5%)   25(27.7%)  21(23.4%) 99.4% 

PstS1  66(36.6%) 35(38.9%) 31(34.5%) 99.4% 

 

3.3.1.4 ROC analysis 

Receiver operating curve of each of TB16.3, echA1 and PstS1 antigens generated using the 

OD values obtained from ELISA are shown in Fig. 3. 34. Points along diagonal line show 

that the test detects an equal number of true and false positive, while a curve that coincides 

with the left and top sides of the plot denotes a test that perfectly discriminates between 

disease patients and controls. As all antigens curves were pointed away from diagonal line, 

all antigens were good at discriminating between patient and control samples. 
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Fig. 3. 34. ROC curves (Plot of the true positive rate [sensitivity] against the false positive 

rate [1-specificity] obtained each threshold values) obtained for the TB positive samples and 

non-TB samples. 

 

Area under the curve (AUC) is a measure of diagnostic accuracy. AUC of TB16.3, 

echA1 and PstS1 was 0.86, 0.87 and 0.82 respectively, as reported in Table 3. 6. The AUC 

of most tests used in clinical practice fall between these two values. Normally, the closer the 

AUC to 1, the better the overall diagnostic performance of the test, and the closer it is to 

0.5, the poorer the test. The standard deviation and 95% CI of AUC for each antigen was is 

described in Table 3. 6. Standard error was not more than 0.02 for each of the three 

antigens.  

(C) 
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Table 3. 6. Humoral immune response against TB16.3, echA1 and PstS1 antigens of M. 

tuberculosis as determined by ROC analysis of OD values obtained in ELISA 

Antigen P-value AUC Std. error 95% CI 

TB 16.3 < 0.0001 0.7955 0.02307 0.7502 to 0.8407 

echA1 < 0.0001 0.8549 0.01947 0.8167 to 0.8930 

PstS1 < 0.0001 0.8085 0.02276 0.7639 to 0.8532 

 

3.3.1.4 Structural analysis of TB16.3 and PstS1 

Proper structure and folding of a protein is very crucial, in order to perform its biological 

function. Out of three proteins TB16.3, echA1 and PstS1, X-ray structure of only PstS1 has 

been done. Purified PstS1 and TB16.3 proteins were analysed through circular dichroism 

spectroscopy. CD is a well recognize technique for determining the secondary structure and 

studying folding properties of proteins. echA1 CD analysis was not done as it did not meet 

at least 90% purity criteria of protein samples for CD analysis.  

 

TB16.3 

The secondary structure of TB16.3 was revealed using circular dichroism spectroscopy as 

well as predicted through I-TASSER and MUFOLD softwares. Table 3. 7 describe the 

structural constituent of TB16.3 as estimated through circular dichroism spectrum using 

CDNN software or predicted through computational tools. The structure of TB16.3 consists 

of alpha helix, beta sheets (both parallel and antiparallel).  
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Table 3. 7. Structural constituents of TB16.3 determined through CD and prediction 

software   

Technique used Structural constituents 

Circular dichroism 
21% helix 

40% sheet 

I-TASSER, MuFold 
27.7 % helix 

44% sheet 

 

The circular dichroism spectrum of purified TB16.3 that spanned over 185 to 280nm 

wavelength as shown in Fig. 3. 35. The spectrum revealed a negative peak at 214 nm that is 

characteristic of a β-sheet structure. 40% beta sheet constituent of TB16.3 was close to 44% 

as predicted through bioinformatics tools (Table 3.7). The other major portion of protein 

belongs to ~20-30% alpha helix. 

 

Fig. 3. 35. Circular dichroism spectrum of TB16.3 scanned at the 185 to 280nm range. 
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The 3-D structure of TB16.3 as predicted by software I-TASSER is shown in Fig. 3. 36. It 

estimated 27.7 % helix and  44% sheet in the structure of TB16.3. The greatest resemblance 

was with tetracenomycin aromatase/cyclase (PDB code 2REZ) that catalyzes the cyclization 

of polyketide (73).  Tetracenomycin aromatase/cyclase structure has seven-stranded β-barrel 

wrapped around a long C-terminal α-helix.  

 

 

Fig. 3. 36. Predicted structure of TB16.3, dominated by beta sheet in addition to alpha helix 

and random coils.  

 

PstS1 

PstS1 protein was refolded during its purification from inclusion bodies. CD spectrum of 

recombinant PstS1 was done to ensure correct folding of PstS1. Table 3.8 compares the 

secondary structure contents estimated through CDNN software using CD data of six His-

tagged PstS1 produced in this study and the contents reported by Vyas et al. through X-ray 

crystallography (40). The percentage of helical and sheet contents was more or less same as 

shown in Table 3. 8. 
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Table 3.8 Structural constituents of PstS1 determined through CD compared to determined 

previously    

Technique Structural constituents 

Circular dichroism 40% helical 

15% beta sheet 

X-ray structure 39% helical 

17% beta sheet 

Thermal stability of recombinant PstS1 protein was evaluated at 210nm with 

temperature range 20°C-90C. The wavelength 210nm was selected due to two reasons: 

firstly full wavelength range scan showed peak near 210nm and typically a negative peak at 

210nm represent beta sheet structure. The graph of thermal stability in Fig. 3. 37 indicate 

that PstS1 lost its secondary structure gradually, with temperature increase. At 90 °C CD 

spectrum indicated a loss of secondary structure. 

  

 

Fig. 3. 37. Thermal stability study, CD spectrum of PstS1 at 210nm wavelength. 
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3.3.2 tnPstS1 

3.3.2.1 Response to PstS1 rabbit polyclonal antisera 

The 2µg/ml antigens PstS1 and tnPstS1 bound were reacted with same dilution of rabbit 

polyclonal antiserum raised against PstS1. Fig.  3. 38 illustrate the reactivity of rabbit anti-

PstS1 antibody to tnPstS1. 

                                         

                                           

Fig. 3. 38. Reactivity of PstS1 and tnPstS1 against PstS1 antiserum raised in rabbits. (A): 

Bar diagram showing O.D. 450/630 obtained from ELISA analysis by reacting PstS1 and 

tnPstS1 against the controls (grey) and the antiserum (black). (B): Immunoblot analysis of 

(A) 

(B) 

M             1           2 kDa 

55 

 

40 
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the variants against PstS1 antisera raised in rabbit. Lanes M, molecular weight markers; 1, 

PstS1; 2, tnPstS1. 

 

The truncated tnPstS1 reacted with rabbit serum polyclonal antibody of PstS1 as 

effectively as the full length protein in ELISA as well as in western analysis.  

3.3.2.2 Seroreactivity of tnPstS1 in human plasma samples 

Plasma samples from patients having pulmonary tuberculosis, as confirmed by culture 

growth, were screened with tnPstS1. Plasma from TB patients showed a statistically 

significant (p < 0.001) response against recombinant proteins when compared with healthy 

controls.  

 

Fig. 3. 39. ROC curve of tnPstS1 obtained for the TB positive samples and control samples. 
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The truncated version of tnPstS1 detected 76 patients out of 180 (42.2%) with a 

specificity of 99.4%. tnPstS1 ELISA results were also analysed through ROC, as shown in 

Fig. 3. 39. AUC was 0.899 with 95% CI of 0.8688 to 0.9311, that was highest of all 

individual antigens analysed. PstS1 and tnPstS1antigens were also screened for non-

pulmonary tuberculosis disease samples. These samples were obtained from patients 

suffering from chronic obstructive pulmonary disease (COPD). Plasma from TB patients 

showed a statistically significant (p < 0.001) response against recombinant proteins when 

compared with chronic obstructive pulmonary disease in non-parametrict-test. Fig. 3.40 

displays the antibody response of plasma samples from TB and non-TB groups against each 

of the two antigen variants.  

 

Fig. 3. 40. The antibody response of plasma samples from healthy control (HC), COPD and 

tuberculosis patients (TB) groups against  tnPstS1antigen. 



105 

 

 

 

3.3.2.3 Structural analysis of tnPstS1 

Circular dichroism spectrophotometry was used to analyse recombinant PstS1 and tnPstS1 

proteins structure. Fig. 3. 41.  Illustrates the CD spectrum of tnPstS1 compared with that of 

PstS1. Both proteins were of same concentrations and similar spectrum conditions were 

used. tnPstS1 spectrum showed maximum negative peak at lower wavelength compared to 

that of PstS1.  

                        

 

Fig. 3. 41. Circular dichroism spectrum of PstS1 and tnPstS1 proteins scanned through 190-

260nm.  
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The negative peak near 210nm indicates signal of β-sheet contents while positive 

peak at the lower wavelength near 190nm corresponds to α-helical. To estimate secondary 

structure of proteins analysed through Chirascan Plus circular dichroism CDNNN software 

is provided. CDNNN software analysis of the tnPstS1 CD spectrum revealed α-helical and 

β-sheet contents of 33% and 27%, respectively. As predicted, the values of α-helical and β-

sheet contents of tnPstS1 were different from contents of PstS1 protein due to deletion of a 

region in truncated protein that corresponds to three α-helices and two β-sheets in native 

protein. The values estimated using protein structure prediction software MUFOLD 

software (70) for tnPstS1 were 30% α-helices and 19% β-sheets. Table 3. 9 describes the 

secondary structure contents of native and truncated proteins as presented in X-ray 

crystallography or circular dichroism or prediction software.  

 

Table 3. 9. Comparison of structural determinants of PstS1 and tnPstS1 

  PstS1 tnPstS1 

Total amino acids 375 264 

X-ray structure 39% helical  

17% beta sheet  

Not done 

 Circular dichroism  40% helical 

15% beta sheet 

 33% helical 

 27% beta sheet 

 Structure prediction 

(MUFOLD) 

 Not needed  30% helical 

 19% beta sheet 

 

The 3-D structure of tnPstS1 from MUFOLD software is shown in Fig. 3. 42. As 

shown in figure the structure of tnPstS1 depicts the presence of both α-helical and β-sheet 

content.   
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Fig. 3. 42. Structure of tnPstS1 deduced through MUFOLD software based on X-ray 

structure of PstS1. 

 

3.3.3 TB16.3-tnPstS1 AND TB16.3-echA1 

3.3.3.1 Recognition of fusion protein by rabbit antibodies 

Significant level of antibodies against each antigen TB16.3 and echA1 were produced in 

rabbits 6-8 weeks after primary immunization as determined by ELISA. Antisera of TB16.3 

reacted with TB16.3 and fusion TB16.3-echA1 with nearly the same efficiency, but it 

showed negligible binding with the other antigen echA1, as expected (Fig. 3. 43. A).  
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Fig. 3. 43. Reactivity of antibodies raised in rabbits to the fusion antigens TB16.3-echA1 

(A) TB16.3-tnPstS1 (B). (C) Western blot of fusion proteins TB16.3-echA1 and TB16.3-

tnPstS1 with antisera of TB16.3 (lanes 1, 3), echA1 (lane 2), tnPstS1 (lane 4). 

 

Likewise, echA1 and fusion TB16.3-echA1 reacted with antiserum of echA1 to 

nearly the same extent. Antisera raised against TB16.3 and tnPstS1, also reacted with 

corresponding antigens as well as the fusion protein TB16.3-tnPstS1. However, the degree 

of interaction with fusion protein was slightly lower as compared to that with the 

corresponding antigen (Fig. 3. 43. B). Similar results were shown by Western blot analysis 

(C) 
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of TB16.3-echA1 and TB16.3-tnPstS1 with rabbit antiserum raised against the individual 

proteins (Fig. 3. 43. C). 

3.3.3.2 Optimization of ELISA for TB16.3-tnPstS1 and TB16.3-echA1 

Optimization of antigen concentration 

Group of patient P (n=4) and group of control C (n=4), were tested with 2µg/ml, 4µg/ml, 

6µg/ml and 8µg/ml fusion antigen concentrations. The difference between antibody 

bindings in the two groups was greatest at the 4µg/ml antigen concentration (Fig. 3.44). 

Based on this result, the 4µg/ml of each TB16.3-tnPstS1 and TB16.3-echA1 was used for 

coating in the following experiments. 
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Fig. 3. 44. Optimization of coating concentration of fusions (A) TB16.3-tnPstS1 and (B) 

TB16.3-echA1 

 

3.3.3.3 Seroreactivities against human plasma samples using TB16.3-

echA1 and TB16.3-tnPstS1 

The Plasma IgG antibody responses of TB16.3-echA1 and TB16.3-tnPstS1 showed 

a statistically significant antibody levels (P<0.001) against the plasma collected from TB 

patients as compared with controls (Fig. 3. 45). 

 Further, S/N ratio (mean OD for the samples from TB patients/ mean OD from those of the 

controls) of TB16.3-echA1 was 1.84 compared to 1.78 for TB16.3 and 1.6 for echA1, 
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showing that the plasma samples from patients with tuberculosis had stronger antibody 

reactivates against TB16.3-echA1. While S/N ratios of tnPstS1 and TB16.3-tnPstS1 

were1.82 and 1.68, respectively. 
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Fig. 3. 45. Analysis of the IgG antibody response to recombinant proteins in TB patients 

(TB) and healthy controls (HC) against TB16.3-echA1 and TB16.3-tnPstS1. 

 

Sensitivity i.e. the percentage of TB samples detected positive against the various 

recombinant antigens are shown in Table 3. 10. These values for TB16.3, echA1, tnPstS1, 

TB16.3-echA1 and TB16.3-tnPstS1were 29%, 25.5%, 42.8%, 47.2% and 40%, respectively.  

Specificity i.e. percentage of control samples found negative were 99% for all antigens 

except TB16.3 that showed specificity of 98%. 

 

Table 3. 10. Sensitivity and specificity of recombinant proteins through ELISA compared 

with TB patients and healthy controls. 

Antigens 

TB samples positive against the antigens (Sensitivity) 
Specificity 

Controls 

(n=175) 

Total 

(n=180) 

Smear Positive 

(n=90) 

Smear negative 

(n=90) 

TB16.3-echA1  85(47.2%) 47(52%) 38(42.2%) 99.4% 

TB16.3-tnPstS1  72(40%)  41(45.6%) 31(34.4%) 99.4% 

 

The OD values obtained from ELISA analysis of the plasma samples against the 

various antigens were used for the generation of ROC (Fig. 3. 46).  
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Fig. 3. 46. ROC curves (Plot of the true positive rate [sensitivity] against the false positive 

rate [1-specificity] obtained each threshold values) obtained for the TB positive and control 

samples. (A) Graph shows results of TB16.3-tnPstS1 along with individual proteins and  
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(B) graph of fusion TB16.3-echA1. The diagonal line on the graph is the reference line for a 

test that could not distinguish between the disease and non-disease samples. 

 

The Area under receiver operating characteristic curve (AUC) of TB16.3-tnPstS1 

was 0.916 and those of individual TB16.3 and tnPstS1 proteins were 0.79 and 0.89, 

respectively (Table 3. 11). Similarly the AUC for TB16.3-echA1 was found to be 0.94 as 

compared to that for the antigen TB16.3 and echA1 as 0.79 and 0.85, respectively. 

 

Table 3. 11. Humoral immune response against fusion antigens as determined by ROC 

analysis of OD values obtained in ELISA.  

Antigen P-value AUC Std. error 95% CI 

TB16.3 - tnPstS1 < 0.0001 0.9160 0.01439 0.8878 to 0.9442 

TB16.3 - echA1 < 0.0001 0.9390 0.01136 0.9167 to 0.9613 

 

3.3.3.4 Structural analysis of TB16.3-tnPstS1 and TB16.3-echA1 

Molecular models for TB16.3-tnPstS1 and TB16.3-echA1 using I-TASSER and pictured by 

Jmol are shown in Fig. 3. 47. The positions of two component proteins in TB16.3-tnPstS1 

show that these fusion molecules interact profusely. On the other hand, the layouts of the 

component proteins of TB16.3-echA1 are arranged in a manner with little interaction 

between these.  
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Fig. 3. 47. The 3-D model of fusion proteins (A) TB16.3-tnPstS1 (B) TB16.3-echA1. 

Residues conforming to distinct proteins are represented by different colours, TB16.3 

(yellow), echA1 (blue) and tnPstS1 (red). 

(A) (B) 
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SECTION IV   DISCUSSION    
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4. DISCUSSION 

 

Total six recombinant proteins expressed in E. coli during this project. Three of these 

proteins were Mycobacterium tuberculosis antigens as presence of antibodies against these 

proteins were reported in persons infected with M.tb bacilli. The other three recombinant 

proteins were produced through truncation or fusion of the three M.tb antigens. All 

recombinant proteins were purified from bacterial culture and assessed for specific antibody 

recognition in plasma of patients diagnosed with tuberculosis, healthy individuals and 

patients suffering with a non-TB respiratory disease i.e. COPD. 

 

4.1 SINGLE-STEP REFOLDING & PURIFICATION OF INSOLUBLE 

PROTEINS AND INCREASED YIELD OF tnPstS1  

Total six recombinant proteins expressed in E. coli during this project four proteins PstS1, 

tnPstS1, TB16.3-tnPstS1 and TB16.3-echA1 were expressed in the form of insoluble 

aggregates called inclusion bodies.  

Inclusion bodies proteins cannot be used directly for protein activity and need to be 

solubilized, refolded and purified (74). In general, high concentration of denaturant like 

urea or guanidine hydrochloride is used to solubilize inclusion bodies, that lead to loss of 

protein secondary structure. In refolding process, denaturant is slowly removed and protein 

is refolded (75, 76). In second step, refolded protein is purified and concentrated through 

chromatography. In this study, 8M solubilized proteins were refolded and purified in a 

single step. His6 tagged denatured proteins were allowed to bind nickel resin and refolding 
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was done with decreasing concentration of solubilizing agent. After removal of 

contaminating protein through washing, histidine tagged refolded protein was eluted with 

90% purity. Singh et al., 1992 reported expression of PstS1 in inclusion bodies (77). They 

completely solubilized protein in 6 M guanidine HCI, refolded on Sephadex G-25 and 

purified through anion-exchange chromatography. Simultaneous refolding and purification 

of PstS1 and other insoluble proteins, is a practical approach that results in high yield due to 

less protein aggregation during refolding. Protein aggregation due to non-native 

hydrophobic interactions is one of the major reasons for protein loss during refolding (74).

 In current study expression of a truncated variant of PstS1 from M.tb that is tnPstS1, 

containing most of the known epitopes (78) of the antigen, in Escherichia coli, its single-

step refolding and purification, and evaluation for use in serodiagnosis was done. The levels 

of the proteins expressed, as determined by densitometric analysis of SDS-PAGE gel using 

Syngene GeneTools software, were 15% and 25% of PstS1 and tnPstS1, respectively of the 

total cell proteins. These expression levels are higher than the 10% PstS1 of the total cell 

proteins reported previously (77). On account of the higher expression level as well as the 

lower molecular size 1525 mM of tnPstS1 were produced per liter per OD600 of the culture 

as compared to 675 mM/l/OD600 in the case of PstS1. It was thus possible to obtain more 

than two-fold increase in the number of molecules and therefore the epitopes in the form of 

truncated variant as compared to those in the native form of the antigen. 
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4.2 DEVELOPMENT OF IMMUNE BASED ASSAY & FACTORS 

AFFECTING ANTIGEN-ANTIBODY REACTION 

Immunological tests are based on detection of immune response (cellular or humoral) in 

body fluids.  These antigen-antibody reaction based diagnostic procedure has the advantage 

that immune reaction can be measured in a wide set of platforms, such as lab-on-chip 

formats where a set of laboratory procedures are automatically performed within a 

microfluidics technology-based chip (79), immuno-chromatographic lateral flow assay 

(LFA) that is a applicable field-friendly format as it could read be used without the need for 

further laboratory equipment (80). Further, in contrast to cell-mediated responses, the 

antigen-antibody reaction based procedures do not require special conditions, like 

controlled temperature or specific environment. Additionally, no exposition to high level 

biological risk bacilli is involved to obtain plasma or serum samples. Although development 

and application of some known methods of molecular diagnostics have progressed in past 

few years, ELISA, which is fast, simple, reproducible and cheap, remains applicable and 

irreplaceable for every diagnostic laboratory. There are two important components to 

develop successful serodiagnostic assay (i) a technically simple and reproducible test 

method and (ii) highly specific reagents i.e. antigens to detect circulating antibodies. In 

order to develop these automated formats, a screening of antigen is done by ELISA. 

As a first step for the development of a proper assay, conditions were defined 

including optimal antigen dilution and appropriate detection antibody concentration. Also, 

an assay with minimum non-specific binding through the use of a suitable blocking reagent. 

For assay in this study 2% BSA was selected as blocking agent. Bovine serum albumin  
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proved to be better in reducing the background without interacting with other assay 

reagents. 2% BSA has also been used in previously reported ELISA assays using M.tb 

antigens (51). 

When proteins are adsorbed to a layer of plastic in assay, they tend to undergo some 

physical distortion or denaturation and, in many cases, the epitopes corresponding to the 

native state are not preserved (81-83). In addition, for passive adsorption, the orientation the 

molecule on the well of ELISA plate affects the presentation of the individual epitopes (71). 

4.3 ENHANCED SENSITIVITY USING tnPstS1 

For the truncated tnPstS1 antigen, about 7% higher sensitivity was obtained than the full 

length protein for the same plasma samples. The higher sensitivity of the truncated tnPstS1 

can be explained on the basis of different factors. The possibility of the modification of the 

antigen on binding to the solid surface of the ELISA plate resulting in enhanced or reduced 

exposure of the overlapping epitopes have been pointed out (71). As the coating proteins 

adsorb passively to the ELISA plate the size and shape of protein are likely to play 

important role in the sensitivity. A plausible explanation for the higher sensitivity of 

truncated antigen seems to be the possibility of binding a greater number of the smaller 

molecules in the particular area of the ELISA plate well, thus allowing the availability of a 

greater number of the epitopes for binding to the antibody. This should enhance sensitivity 

of the truncated molecules if all the important epitopes are retained. Deletion of 96 amino 

acids from the N-terminal and 14 from the C-terminal of PstS1 may bring about structural 

changes leading to unmasking of the epitopes allowing a higher level of reactivity. 

However, this shall need to be verified by determining 3-D structure of the molecule. 
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Another way to compare the diagnostic accuracy of two or more test is ROC curve. 

The diagonal line on the graph serves as reference line and represent characteristic of a test 

that could not discriminate those with disease from non-disease (84). However, practically it 

is exceptional to have such a curve, and ROC curves usually lie between these extremes. 

The best ROC curve is the one connecting the points highest and farthest to the left as that 

test would have the highest true-positive rate (sensitivity) as well as the lowest false positive 

rate (1-specificity). As shown in Fig. 3.37 tnPstS1 points more to the left representing that a 

test based on tnPstS1 is more accurate than PstS1. 

A perfect test would have an AUC of 1.0, while a completely impractical test (one 

whose curve falls on the diagonal line) has an AUC of 0.5 (85). The diagnostic accuracy 

presented as AUC, being a statistical estimate, must be reported with confidence intervals. 

The 95% CI tells about the interval in which 95% of all estimates of AUC will fall if the 

study is repeated over and over again (84). AUC of tnPstS1 was 0.89 (95% CI: 0.8688 to 

0.9311) while PstS1 AUC was 0.808 (95% CI: 0.7639 to 0.8532). 

There have been many reports of diagnostic evaluation of M.tb culture purified and 

the recombinant PstS1.  By using M.tb culture purified PstS1 68-94% sensitivity and about 

91% specificity were obtained in direct ELISA analysis (86, 87). However, the reported 

sensitivities with the recombinant antigen have been 16-70%, varying from population to 

population (30, 88). The serological response not only varied from one patient to another 

but it is also dependent on the state of the disease as the antibodies against PstS1 are more 

likely to be detected in active disease state (51, 89). 
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4.4 IMPROVED IMMUNOASSAY USING FUSION PROTEIN 

There are a number of factors for the cause of heterogeneity in immune response of an 

antigen. It has been reported that depending on the bacillary load and metabolic state of the 

patient as well as comparative antigen expression of the infecting bacterial strain (90, 91). 

There are examples of other intracellular pathogens such as chlamydial infections and 

cryptococcosis, where antibody response is highly diverse (92, 93). Moreover, presence of 

antibodies in healthy individuals of that population is another factor. These antibodies, that 

could be stimulated by exposure to environmental bacteria or through vaccinations, cross 

react with several M. tb antigens (94-96). Therefore, in order to improve the reliability of an 

antibody detection assay, it is important to combine the responses against a number of 

different mycobacterial antigens. Several examples of serological assays prove the 

advantage of fusion proteins and antigen mixes compared with single antigens. 
 
Wu et al. 

reported CFP-10 and ESAT-6 antigens fusion construct that was generated through PCR 

using a DNA strand linker encoding glycine-glycine-glycine-glycine-serine-glycine-

glycine-glycine-glycine-serine-glycine-glycine-glycine-glycine-serine, the CFP-10–ESAT-6 

fusion showed sensitivity of 60.4% and 73.8% specificity (42).  

In this study two fusion proteins TB16.3-echA1 and TB16.3-tnPstS1 were 

recombinantly produced and assessed for recognition by specific antibodies in human 

plasma.  TB16.3-echA1 detected antibodies to antigens TB16.3 and echA1 in TB patients, 

achieving a sensitivity of 47.2%, which is significantly higher as compared to that of each 

of the individual antigens as described in Table 3. 10. TB16.3-echA1 detected antibodies to 

antigens TB16.3 and echA1 in TB patients, achieving a sensitivity of 47.2%, which is 

significantly higher as compared to that of each of the individual antigens. The combined 
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sensitivity value for TB16.3 and echA1 were 54.4%, when used separately. Out of these 

6.6% showed presence of antibodies against both the antigens. Thus the sensitivity of 47.2% 

of TB16.3-echA1 is very close to the corrected value of 47.9%, obtained with the two 

individual antigens when used separately 

4.5 EFFECTS OF STRUCTURAL VARIATIONS ON THE ANTIBODY 

INTERACTIONS 

The interaction of antibody with antigen is very multifaceted phenomenon as the 

entire accessible surface of a protein antigen consists of a large number of overlapping 

epitopes (97). The precise association of antigen and antibody is based on weak and non-

covalent interactions like hydrogen bonds, hydrophobic interactions, electrostatic forces, 

and van der Waals interactions.  Therefore a large number of such interactions are 

mandatory to form a strong antigen-antibody interaction. Antigen and antibody molecules 

are required to be close enough for some of the individual atoms to fit into complementary 

recesses for the interaction to occur (71). Lack of availability of the close proximity can 

effect antigen-antibody interaction. Sensitivity of the fusion TB16.3-tnPstS1 dropped 

slightly when compared to that of even one of the individual antigens i.e. tnPstS1. The 

structure of TB16.3-tnPstS1 was modelled to see interaction of two fused protein. The 

structure of TB16.3-tnPstS1 as shown in fig. 3. 45, displayed a tight interaction between 

TB16.3 and tnPstS1 when analysed using the software based on homology modelling. This 

arrangement is likely to mask some of the epitopes thus decreasing its sensitivity. On the 

other hand, structure of the fusion TB16.3-echA1 showed that the two proteins are 

positioned largely independent of each other thus allowing greater availability of the 

epitopes for binding. Wu et al. reported that fusion of VR1 D2 with VR2 D3 disrupted the 
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compatibility between ligand VEGF-A and VR1 D2, thus resulted in reduction in affinity 

(98).  Use of structure prediction tools before production of the fusion proteins would be a 

good strategy to ensure designing of more efficient combinations.   

The fusion TB16.3-echA1 produced in this study showed higher sensitivity (47.2%) 

compared to that of the individual antigens TB16.3 (29%) and echA1 (25.5%). This 

increase in sensitivity was not found at the cost of specificity; as specificity of TB16.3 and 

echA1 was 98% and 99%, respectively whereas the fusion TB16.3-echA1 retained 

specificity of 99%. 
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APPENDIX I 

PATIENT’S CLINICAL HISTORY FORM 

Name:       Family Name:   

Sex:       Age: 

Job:       Contact #: 

Place of residence (Present Address): 

Smoking:     Yes                             No 

Any history of Tuberculosis:  Yes                             No 

Family history of Tuberculosis: Yes                             No 

Proximity of contact with a person having tuberculosis: (mother / other person within 

the household / person outside of the household) 

Duration of cough: weeks / months / years  (Specify) 

Duration of wheezing: weeks / months / years (Specify) 

Duration of fever: weeks / months / years (Specify)  

Time of fever: morning / evening     Grade of fever: high / low  

Duration of weight loss: weeks / months / years 

Any history of Aids: 

Result of PPD test: 

Result of Radiography: 

Result of Antibiogram: 

Result of Direct Smear Examination: 

Any history of any other important diseases (Aids or….Specify) 

Any recent usage of antibiotic:   Yes                         No 

Which Antibiotics: 

Any addiction: 
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PATIENT CONSENT FORM 

1. AIM:  To collect blood samples of healthy people & TB patients for 

rapid diagnosis of TB. These samples will be used to develop 

diagnostic ELISA/IGRA tests for TB. 

2. Methodology:  Every participant will be informed about the aim of the 

research and his consent will be taken. Then 5-7 ml blood 

would be collected through a syringe. 

3. Time:   20 minutes of each participant will be required. 

4. Chances of harm:  There is no danger to the participant’s health, except the pain 

caused by stabbing the needle of the syringe. 

5. Financial support:  No financial support will be taken from anyone to participate 

in this research. 

6. Confidentiality:  All the documents will be kept confidential. The results of 

this research, lab tests and other provided information will be 

published for scientific interests.  

7. Refusal to participate:  Every person will have the right to refuse to participate in this 

research, even after signing the consent form. 

8. Expected benefits:  It is expected that the results of this research will provide the 

chances to develop rapid diagnostic test of TB.  
 

I…………………………….…….…S/O D/O…………………………….………. have read 

and completely understood all terms and conditions. I believe that i am ready to participate 

in this research with my free will. My participation in this research will not influence my 

legal rights in any way.  
 

Patient name: ………………………………..      Patient signature: 

………………..……….…. 

        Date: ………………………. 

Research incharge name: ……………………..     Research incharge signature: 

…………………. 

 

Research supervisor name:    Prof. Dr. M. Waheed Akhtar  

Department:    School of Biological Sciences, University of the Punjab, 

Lahore 
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PATIENT CONSENT FORM IN URDU 
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APPENDIX II          PUBLICATIONS 
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NATIONAL PATANTS  FILLED FROM THE PROJECT USING  

tnPstS1 PROTEIN 

Multi-epitope fusion antigens for the diagnosis and prevention of tuberculosis 

Pakistan patent application no # :  11/2014 

Filing date: 7 JAN 2014 

Authors: M. Waheed Akhtar, Madeeha Afzal, Sana Khurshid, Ruqyya Khalid. 

 

Title: Fusion protein comprising HspX and tnPstS1 for improved antigenic sensitivity.  

Pakistan patent application # : 324/2014 

Filing date: April 15, 2014 

Authors: M. Waheed Akhtar, Ruqyya Khalid, Madeeha Afzal, Sana Khurshid 

 


