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Cloning and Expression of Mycobacterium tuberculosis Major Secreted Pro-
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A B S T R A C T

Background: The 30 kDa major secretory protein of Mycobacterium tuberculosis (antigen 85B) is a primary vaccine candidate. This secreted 
antigen induces a protective immune response and stimulates the production of IFN-γ in animal models.
Objectives: The aim of this study was cloning and expression of Ag 85B of M. tuberculosis in Escherichia coli.
Materials and Methods: To produce recombinant Ag85B, the fbpB gene was amplified by PCR method. Then inserted into the pET101/D 
vector and transported into E. coli strain TOPO10. Plasmid containing pET101/D: Ag85B was transformed into competence E.coli BL21 (DE3). The 
transformed E.coli strain BL21 was effectively expressed recombinant Ag85B.
Results: The expressed fusion protein was found almost entirely in the insoluble form. Followed by sonication to disrupt the cells, Solution of 
the cell debris was centrifuged and after use of Ni–NTA column and 6 molar urea and 6 M guanidine-HCl solutions recombinant protein was 
purified.
Conclusions: These results could serve as a basis for further studies in endemic regions of tuberculosis on the usefulness of this gene and its 
expression product in the development of subunit vaccine and DNA vaccine against tuberculosis.
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1. Background 
Mycobacterium tuberculosis, the major agent of tuber-

culosis, is responsible for two million deaths annu-
ally worldwide, making it as the world's most common 
cause of death from a particular single infectious agent 
(1). Appearance of new strains of M. tuberculosis resistant 
to the conventional antibiotics has raised concern for 
seeking better vaccines and drugs against this patho-
gen (2). M. tuberculosis expresses three closely correlated 
mycolyl tranferases, also recognized as the Antigen 85 
Complex (ag85A, ag85C are 32 kDa and ag85B is 30 kDa).

The antigen 85 (Ag85) complex is a family of fibro-
nectin-binding proteins which are considered to be 
potential virulence factors. These proteins encoded by 
the genes fbpA, fbpB, and fbpC, respectively. These genes 
show no resemblance in their 5´upstream region, and 
they are probably regulated independently at the tran-
scriptional level. it was proved that M. tuberculosis binds 
specifically to fibronectin than any other purified extra-
cellular matrix proteins like collagen and fibrinogen (3). 
These three proteins play roles in cell wall synthesis by 
catalyzing transport of mycolic acid from one trehalose 
6-monomycolate to another, resulting in trehalose6, 
6´-dimycolate and free trehalose (4).

The members of antigen 85 family are expressed at a 
sTable-state ratio of 3:2:1 (ag85B:ag85A:ag85C), while the 
three genes are unlinked. The 30 kDa antigen 85B is the 
most plentiful of the three, and is the most copious ex-
tracellular protein of M. tuberculosis, responsible for al-
most 25% of the total extracellular protein in broth cul-
ture (5). In M. tuberculosis phagosomes within human 
macrophages, the antigen 85B molecules are found in 
high level in the phagosomal space and on the bacterial 
cell wall (5). The 30 kDa major secretory protein of M. 
tuberculosis (antigen 85B) is an important vaccine can-
didate. Vaccination of guinea pigs with the purified M. 
tuberculosis ag85B induced significant protective immu-
nity against aerosol exposure to M. tuberculosis bacteria 
(6).In addition it was shown in guinea pigs BCG vaccine 
that over expression of the Ag85B component induces 
stronger protective immunity against aerosol challenge 
than conventional M. bovis BCG vaccine (7).

This recombinant BCG vaccine is the first vaccine con-
firmed to be more potent than conventional BCG vac-
cine since the recombinant vaccine was developed. In-
deed, vaccination of C57BL/6 mice with naked plasmid 
DNA encoding Ag85B could arouse strong humoral and 
cell-mediated immune responses and gave consider-
able protection against aerosol or intravenous exposure 
to live M. tuberculosis H37Rv(8). So far, murine Th1 T-cell 
epitopes have been explained for Ag85B (9).

2. Objectives
The purpose of this study was to clone, identify and 

express the major secreted protein antigen 85B from M. 
tuberculosis and to arrange a good foundation for the 
diagnosis of M. tuberculosis, for developing new subunit 
vaccine.

3. Materials and Methods

3.1. Mycobacteria
M. tuberculosis H37Rv (ATCC 27294) was obtained from 

the Pasteur Institute of Iran and maintained on Lowen-
stein Jensen’s (LJ) medium in the laboratory, to extract 
the mycobacterial DNA. The bacteria were treated with 
lysozyme and proteinase K (Sigma, USA), lysed with sodi-
um dodecyl sulfate, phenol extracted, and precipitated 
with ethanol (Merck, Germany).

3.2. PCR Cloning
The gene encoding antigen 85B amplified by PCR 

technique with forward (5´ CACCATGACAGACGTGAGC-
CGAAAGATTC 3´) and reverse (5´ GCC GGC GCC TAA CGA 
ACT CT 3´) primers. The 20 µL PCR mixture contained 2 
µL 10X Pfu buffer, 4.8 µl Mg2SO4, 1.6 µL dNTP, 1 µL Ag85B-
F primer (10 pmol), 1 µL Ag85B-R primer(10 pmol), 3 µL 
genomic DNA, 1.25 µL of 5U/ µL Pfu DNA polymerase 
(Fermentas, USA) and 5.35 µL water. PCR amplification 
involved the initial denaturation at 95ºC for 5 min, fol-
lowed by 35 cycles each consisting of a 45s denaturation 
at 95 ºC, a 60s annealing at 57 ºC, and a 2.5 min extension 
at 72ºC. The final extension following the 35 cycles was 
allowed for 10 min at 72 ºC.

The amplified PCR product, electrophoresed and elut-
ed from agarose gel, was ligated into pET101/D-TOPO, 
which allowed translational fusion between a C-termi-
nal six-His tag and a target gene (Invitrogen, USA), and 
was transformed into Escherichia coli strain TOPO 10. So 
as to isolate plasmids from correct colons we applied 
QIAprep spin miniprep kit (Qiagen, Germany). Positive 
clones were selected by colony PCR, and confirmed by di-
gestion with sacΙ restriction enzyme (Fermentas, USA). 
Afterward the recombinant plasmids purified from pos-
itive clones were ready for nucleotide sequencing. Plas-
mid containing pET101/D Ag85B was transformed into 
competence E. coli BL21 (DE3).

3.3. Production of Recombinant Ag85B
E.coli strain BL21 transformed with pET101/D Ag85B was 

placed on LB solid medium containing ampicillin (100 
µg/mL) (Merck, Germany), and grown overnight at 37 
°C. An overnight culture was made to inoculate 200ml 
LB with ampicillin medium. After growing to an op-
tical density of 0.5 at 600 nm at 37 °C, the production 
of Ag85B protein was induced by adding isopropyl-β-D 
thiogalactopyranoside (IPTG) (Sigma, USA) to a final 
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concentration of 2 µL/ mL.

3.4. Purification and Folding of Recombinant 
Ag85B

Cell pellet was centrifuged and suspended in 20 ml 
of lysis buffer (300 mM NaCl, 50 mM Tris_/HCl, pH 7.6, 
100mMKcl, %10 glycerol, %0.5 Tryton X100, 6M guanidine) 
followed by sonication at 4ºC to disrupt the cells. Solu-
tion of the cell debris was incubated on 37ºC for 15 min. 
Afterward cell pellet was frozen in liquid nitrogen and 
thawed in 37ºC and centrifuged in 10ºC. After washing 
the 5ml column of Ni-NTA resin (Qiagen, Germany) with 
5 ml of buffer contained (6M guanidine_/HCl, 50 mM so-
dium acetate, 8 mM 2-mercaptoethanol, pH 6.5) the su-
pernatant passed through the column. Next the column 
was washed with 15 ml of the same buffer followed by buf-
fers containing 6 M guanidine-HCl, 50 mM sodium ac-
etate, pH 5.9. Finally rec. Ag85B was eluted with 15 ml of 
elution solution (4.5 M urea, 50 mM sodium acetate, pH 
4.5). Refolding of the denatured rec.Ag85B was fulfilled 
by serial dialysis at 4ºC in the following buffers for over-
night: 40 mM Tris_/HCl, 0.1 mM 2- mercaptoethanol, 0.1% 
mannitol and 2 M urea, pH 11, then by the same buffer 
with 1 M urea, and then without urea; (buffer of 40 mM 
Tris_/HCl, 0.1 mM 2- mercaptoethanol, 0.1% mannitol, pH 
8.8); buffer of 40 mM Tris_/HCl, pH 8.8; and finally buffer 
of 10 mM KH2PO4, pH 8.5.

4. Results
In this study, we amplified antigen 85B from M. tuber-

culosis genomic DNA with PCR. The PCR product was 
confirmed to be a 978 bp DNA segment using agarose gel 
electrophoresis, as expected (Figure 1).

Figure 1. PCR Product

Lane 1: band of 978 bp. Lane2:1 kbp DNA marker (Fermentas)

4.1. Analysis of Recombinant Clones
sacΙ restriction analysis of these three purified recombi-

nant clones DNA (Figure 2) revealed the same types of inser-
tion. All clone had an insertion with a total length of about 
1 kilobases (kb) with no additional internal sacΙ sites. The 
empty plasmid has 5753 nucleotide length with 1 cut site for 
sacΙ at nucleotide 317 (10). So we expected to observe a band 
about 7000 bp on agarose gel.

Figure 2. Analyzes of Positive Clone With Restriction Enzyme sacΙ

Line 1, 2, 3: Recombinant plasmid digest by sacΙ restriction enzyme.  
Line4:empty plasmid digests by sacΙ. M:1kbp ladder

Plasmid sequencing was performed to confirm DNA en-
coding Ag85B is inserted in the correct frame. Plasmid 
sequencing was performed by Seq Lab (Germany). Align-
ment of sequence showed that recombinant DNA was %100 
homologous with M. tuberculosis secreted antigen Ag85B 
gene, complete cds (AY207396.1). The recombinant plas-
mid was transformed to expression host E. coli strain BL21. 
After IPTG induction for 12 h, the recombinant Ag85B was 
abundant in the total lysates. Antigen 85B was expressed at 
about 33 kDa on SDS–PAGE and wholly was found in the in-
clusion body (Figure 3).

With the aim of refold recombinant protein we used 
a quasi-static-like process (11). In this method the inclu-
sion body was lysed in solution contain 6 M guanidine-
HCl. Passes trough Ni-NTA column and purified using 5 
step dialyses. Subsequently rec. protein was displayed 
using silver staining method as expected (Figure 4). The 
amino acid sequencing was performed by Seq Lab (Ger-
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many) to ensure correct orientation and reading frame 
of the expressed rec. protein.

Figure 3. Coomasie Blue Staining of Proteins

Line 1: fractions of inclusion body, rec.Ag85B are shown by arrow.  Line 2, 
3, and 4: are soluble phase of 3 different clone. Lane M: The Protein size 
marker

Figure 4. Silver Staining of Purified Recombinant Ag85B

Line 1: Sediment. Line 2: before dialyses. Line 3: after dialyses (purified). 
Recombinant Ag85B is shown by arrow. Lane M: The Protein size marker

5. Discussion
For many years, great efforts have been made to develop 

new vaccines against tuberculosis and to design better 
methods for the diagnosis of the disease. Expressing the 
antigen 85B protein could serve as an important basis 
for further studies on the usefulness of this gene and 
its expression product in the development of subunit 
vaccine and diagnostic methods. In this view, the 30kDa 
major extracellular protein of M. tuberculosis is of great 
importance. The potential immunoprotective value of 
the 30kDa protein has been recognized in the closely per-
tinent guinea pig model of pulmonary tuberculosis (6).

There are several reports describing the cloning and 
expression of the CFP-10 gene in different expression 
vectors such as pUC18 (12), pRSETB (13), pGEMt-Easy vec-
tor, pVAX1(14), pMCT6 (15) and pET17b (16). In a series of 
studies Lakey et al., reported cloning and expression of 
Ag85A and Ag85B. For the expression of recombinant 
protein, they used pTrcHisB vector and E. coli TOP10 ex-
pression host. Their study claims that pTrcHisB vector 
overcomes the problem of low G+C percentage in E. coli 
genome. They purified recombinant proteins under 
denaturing conditions and urea removal was not per-
formed (17).

Kremer and colleagues cloned Ag85A, Ag85B and 
Ag85C and evaluated their mycolyl transferase activity. 
For gene expression they used pET23b (+) vector which 
contains T7 promoter and E. coli C41 (DE3) host but they 
failed to produce recombinant Ag85B to a considerable 
amount, so that they preferred to use the native Ag85B 
(18). Fukui and Yoneda explained the purification of this 
antigen from M. tuberculosis H37Rv culture fluid (19). 
Kuzuhiro Matsuo et al,. Cloned and sequenced MPT59 
gene of M. bovis BCG in 1988. They used the Plasmid vec-
tor pUC18 and expressed the protein using pKK233-2 ex-
pression vector. To clone this gene, they digested plas-
mid vector and performed insertion with restriction 
enzyme KpnΙ (12). Similarly, other researchers used this 
technique (double cut) to clone this gene (13, 15, 16).

In this regard we applied directional cloning method 
to insert the blunt end PCR product to expression vec-
tor. We had no need to cut insertion gene or plasmid to 
ligation. In this study similar to other researches that 
were performed by other researchers, antigen 85B was 
expressed and found entirely in the inclusion body 
(13, 15). Expression of recombinant protein with the C-
terminal Fusion Tag increased the size of recombinant 
protein 3kDa in the SDS-page. The presence of the C-
terminal polyhistidine (6xHis) tag allows purification 
of recombinant fusion protein with a metal-chelating 
resin (Ni-NTA) (20).

In conclusion, with the increasing number of people 
infected and killed with M. tuberculosis, investigations 
focusing on the development of new therapeutics re-
mains of extreme importance and necessity. The re-
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search presented here could help and assist the study 
of anti-tubercular therapeutics and vaccine design in 
endemic regions.
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