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Abstract 

Protein tyrosine phosphatase B of Mycobacterium tuberculosis, along with several other proteins 

secreted by Mtb, plays an important role in the development of latent Mycobacterium 

tuberculosis infection (LBTI). Mtb secrete several virulence proteins to the cytoplasm of infected 

macrophage cells immediately after the bacteria enter the defense cells in a process known as 

endocytosis. Mtb reside within an organelle called phagosome. Secretion of the LBTI related 

proteins prevent the fusion even between bacteria-containing-phagosome and  lysosome, the 

event that further lead to the avoidance of an otherwise harsh environment that normally kill the 

bacteria. In order to study the biochemistry of PtpB, we have cloned and successfully expressed 

PtpB of Mtb in Escherichia coli BL21(DE3). Overexpression  of  PtpB provides a way to further 

investigate the human protein interacting with PtpB, as well as searching for chemical compound 

that has potential to inhibits this virulence factor of Mtb. 
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Introduction  

Tuberculosis still poses major a threat in global health. The death toll caused by TB is estimated 

to be around 1.5 to 2 million casualties annually. The figure is worsened by HIV co-infection as 

well as by the development of multidrug-resistant TB (MDR-TB) and extensively drug-resistant 

TB (XDR-TB) strains of the bacteria (Palomino & Martin, 2016). In addition to TB cases, 

attention has recently been given to the latent Mycobacterium tuberculosis infection.  Increasing 

diabetic mellitus disease in the developing world also contributes to the elevated risk of active 

TB (Jeon & Murray, 2008).  

Following infection, the bacteria are engulfed in macrophage and killed by a process known as 

phagocytosis (Wahyuningsih et al, 2016). However, the bacteria have developed survival 

strategy to avoid macrophage degradation by secreting several modulator proteins, such as PtpA, 

PtpB, PknG, PknF, etc. (Sundaramurthy & Pieters, 2007; Ahmad, 2011). One notable protein 

secreted by Mtb is Tyrosine phosphatase B (PtpB). It has been described that Mtb bacteria defect 

in PtpB are not capable of developing latent Mtb infection in Guinea pig 10 weeks post 

inoculation (Chauhan et al., 2013). This report underlines the important role of PtpB in the 

development of LBTI. Nevertheless, the detail mechanism by which PtpB interfere with 

macrophage degradation or which human protein interacts with PtpB is not clear. Apart from 

this, PtpB has been a target for drug development. By inhibiting PtpB, it is expected that 

macrophage maintains its ability to degrade Mtb. Hence, it is necessary to study the biochemistry 

of PtpB, i.e. the pathway that it interferes and possible way to inhibit the activity of PtpB. 

As a prerequisite to investigate the biochemistry of PtpB, heterologous expression of PtpB is an 

important task to provide PtpB in sufficient amount and purity. In this study, we have cloned 

Mtb PtpB gene and successfully overexpressed PtpB under T7 promotor and IPTG induction in 

Escherichia coli BL21 (DE3) cells. Further investigation regarding the possibility to inhibit PtpB 

is yet to be tested.  
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Methods 

PtpB gene was amplified from pGS-21-PtpB template by using forward primer  5’-

CATGGTACCGCTGTCCGTGAACTGCC-3’ and reverse primer 5’- 

CAGCTCGAGTCCGAGCAGCACCCCG-3’ which contain KpnI and XhoI restriction site in the 

forward and reverse primer, respectively. The amplified fragment and pET-30a vector were 

digested with KpnI and XhoI prior to ligation. Cloning strategy is depicted in Figure 1.  

Figure 1. Development of latent M. tuberculosis infection. In normal pathway, upon infection, Mtb is engulfed in phagosome 
which later fuse with lysosome to form phagolysosome. Phagolysosome gets acidified and recruits  hydrolytic enzymes from 
lysosome. Hydrolytics enzymes degrade Mtb (A). In latent infection, Mtb secretes several virulence factors. One such virulence 
factor is PtpB that prevent the fusion event between phagosome and lysosome (B).  
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The resulted recombinant plasmid was sequenced to ensure the absent of mutation. The resulted 

recombinant plasmid was further used to transform competent E. coli BL21(DE) by using 

electroporator (Gene Pulser, Bio-Rad). Production of PtpB was undertaken within LB medium 

containing 25 ug/mL kanamycin. To induce the expression of PtpB, transformed E. coli BL21 

Figure 2. Cloning strategy of PtpB gene by using pET-30a as vector.  



(DE3) was cultured in LB medium until OD600 of 0.3 is reached. At this point, Isopropyl 1-Thio-

β-D-galactopyranoside (IPTG) was added to a final concentration of 0.5 mM and the culture was 

maintained at 37oC with rigorous shaking (250 rpm). Culture was harvested 4 hours after 

induction and cells were sedimented by centrifugation at low speed. Cells were further 

resuspended in lysis buffer containing protease inhibitor PMSF and the cells were disrupted by 

sonication. Lysate was separated from debris by high speed centrifugation. Both soluble lysate 

and insoluble fraction were subjected for SDS-PAGE analysis. All chemicals used in this study 

were of molecular biology grade and supplied by major provider. Design of cloning strategy and 

DNA sequence analysis were performed by SnapGene version 2.5 (GSL Biotech LLC, USA). 

 

Results and Discussion  

Cloning of PtpB gene. 

PtpB gene has successfully inserted within pET30a vector via KpnI and XhoI restriction site. 

This vector allows overexpression of inserted gene since it has T7 promoter. In E. coli BL21 

(DE3), production of RNA polymerase of phage DE3 is induced by addition of lactose analog 

Isopropyl 1-Thio-β-D-galactopyranoside (IPTG).  RNA polymerase of phage T7 recognizes T7 

promoter at the upstream position of PtpB gene. The expression system has long time been 

established after initiated by Studier and Moffat (Studier & Moffat, 1986). An hexa-histitine 

sequence is located at the up-stream on PtpB gene, a design that expected to enrich the 

purification of PtpB, since we previously experienced difficulty to purify related protein tagged 

with hexa-Histidine sequence at its C-terminus or  (unpublished work). 
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Expression of  PtpB in E. coli  

By using pET30a expression vector, we were able to overexpress Mtb PtpB as shown in Figure 

3. As expected, PtpB appears at molecular weight of aroung 31 kD (Grundner, Ng, & Alber, 

2005). However, PtpB is found in insoluble fraction. This indicates that PtpB is synthesized at 

both high rate and quantity that lead to inclusion body formation. Formation of inclusion body is 

not a rare even, especially when the synthesis of foreign protein takes place at a very high rate. 

Fortunately, strategies to recover proteins from inclusion bodies are now established (Singh et 

al., 2015) and this task will comprise our immediately future work.  

Perspective 

The importance of the study of virulence factors or Mtb has been widely recognized in order to 

combat this life-threatening disease. Since PtpB increasingly becomes an interesting target to 

prevent LBTI (Zhou et al., 2010), we propose to test the potencies of several chemical agents 

resulted from in silico study  (Dhanjal et al., 2014) to inhibit PtpB both in vitro and in vivo. 

  

Conclusion  

We have successfully cloned M. tuberculosis PtpB gene within pET-30a as an N-terminally 

hexa-His tagged protein. Expression of PtpB has been performed in E. coli and it was shown that 

PtpB is overexpressed as inclusion body. For further biochemistry study of PtpB, the protein 

needs to be recovered. The overall approach chosen in this study provides a way to study the 

biochemistry property of PtpB.  

Figure 3. Expression of PtpB in E. coli BL21 (DE3) under T7 promoter and induced by 0.5 mM IPTG. 
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Abstract 

Protein tyrosine phosphatase B of Mycobacterium tuberculosis, along with several other proteins 

secreted by Mtb, plays an important role in the development of latent Mycobacterium 

tuberculosis infection (LBTI). Mtb secrete several virulence proteins to the cytoplasm of infected 

macrophage cells immediately after the bacteria enter the defense cells in a process known as 

endocytosis. Mtb reside within an organelle called phagosome. Secretion of the LBTI related 

proteins prevent the fusion even between bacteria-containing-phagosome and  lysosome, the 

event that further lead to the avoidance of an otherwise harsh environment that normally kill the 

bacteria. In order to study the biochemistry of PtpB, we have cloned and successfully expressed 

PtpB of Mtb in Escherichia coli BL21(DE3). Overexpression  of  PtpB provides a way to further 

investigate the human protein interacting with PtpB, as well as searching for chemical compound 

that has potential to inhibits this virulence factor of Mtb. 
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Introduction  

Tuberculosis still poses major a threat in global health. The death toll caused by TB is estimated 

to be around 1.5 to 2 million casualties annually. The figure is worsened by HIV co-infection as 

well as by the development of multidrug-resistant TB (MDR-TB) and extensively drug-resistant 

TB (XDR-TB) strains of the bacteria(Palomino & Martin, 2016). In addition to TB cases, 

attention has recently been given to the latent Mycobacterium tuberculosis infection.  Increasing 

diabetic mellitus disease in the developing world also contributes to the elevated risk of active 

TB (Jeon & Murray, 2008). 

Following infection, the bacteria are engulfed in macrophage and killed by a process known as 

phagocytosis(Wahyuningsih et al, 2016). However, the bacteria have developed survival strategy 

to avoid macrophage degradation by secreting several modulator proteins, such as PtpA, PtpB, 

PknG, PknF, etc.(Sundaramurthy & Pieters, 2007; Ahmad, 2011). One notable protein secreted 

by Mtb is Tyrosine phosphatase B (PtpB). It has been described that Mtb bacteria defect in PtpB 

are not capable of developing latent Mtb infection in Guinea pig 10 weeks post inoculation 

(Chauhan et al., 2013).This report underlines the important role of PtpB in the development of 

LBTI. Nevertheless, the detail mechanism by which PtpB interfere with macrophage degradation 

or which human protein interacts with PtpB is not clear. Apart from this, PtpB has been a target 

for drug development. By inhibiting PtpB, it is expected that macrophage maintains its ability to 

degrade Mtb. Hence, it is necessary to study the biochemistry of PtpB, i.e. the pathway that it 

interferes and possible way to inhibit the activity of PtpB. 

As a prerequisite to investigate the biochemistry of PtpB, heterologous expression of PtpB is an 

important task to provide PtpB in sufficient amount and purity. In this study, we have cloned 

Mtb PtpB gene and successfully overexpressed PtpB under T7 promotor and IPTG induction in 

Escherichia coli BL21(DE3) cells. Further investigation regarding the possibility to inhibit PtpB 

is yet to be tested.  
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Methods 

PtpB gene was amplified from pGS-21-PtpB template by using forward primer  5’-

CATGGTACCGCTGTCCGTGAACTGCC-3’ and reverse primer 5’- 

CAGCTCGAGTCCGAGCAGCACCCCG-3’ which contain KpnI and XhoI restriction site in the 

forward and reverse primer, respectively. The amplified fragment and pET-30a vector were 

digested with KpnI and XhoI prior to ligation. Cloning strategy is depicted in Figure 1.  

Figure 1. Development of latent M. tuberculosis infection. In normal pathway, upon infection, Mtb is engulfed in phagosome 
which later fuse with lysosome to form phagolysosome. Phagolysosome gets acidified and recruits  hydrolytic enzymes from 
lysosome. Hydrolytics enzymes degrade Mtb (A). In latent infection, Mtb secretes several virulence factors. One such virulence 
factor is PtpB that prevent the fusion event between phagosome and lysosome (B).  
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The resulted recombinant plasmid was sequenced to ensure the absent of mutation. The resulted 

recombinant plasmid was further used to transform competent E. coli BL21(DE) by using 

electroporator (Gene Pulser, Bio-Rad).Production of PtpB was undertaken within LB medium 

containing 25 ug/mL kanamycin. To induce the expression of PtpB, transformed E. coli BL21 

Figure 2. Cloning strategy of PtpB gene by using pET-30a as vector.  
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(DE3) was cultured in LB medium until OD600 of 0.3 is reached. At this point, Isopropyl 1-Thio-

β-D-galactopyranoside (IPTG) was added to a final concentration of 0.5 mM and the culture was 

maintained at 37oC with rigorous shaking (250 rpm). Culture was harvested 4 hours after 

induction and cells were sedimented by centrifugation at low speed. Cells were further 

resuspended in lysis buffer containing protease inhibitor PMSF and the cells were disrupted by 

sonication. Lysate was separated from debris by high speed centrifugation. Both soluble lysate 

and insoluble fraction were subjected for SDS-PAGE analysis. All chemicals used in this study 

were of molecular biology grade and supplied by major provider. Design of cloning strategy and 

DNA sequence analysis were performed by SnapGene version 2.5 (GSL Biotech LLC, USA). 

 

Results and Discussion  

Cloning of PtpB gene. 

PtpB gene has successfully inserted within pET30a vector via KpnI and XhoI restriction site. 

This vector allows overexpression of inserted gene since it has T7 promoter. In E. coli BL21 

(DE3), production of RNA polymerase of phage DE3 is induced by addition of lactose analog 

Isopropyl 1-Thio-β-D-galactopyranoside(IPTG).  RNA polymerase of phage T7 recognizes T7 

promoter at the upstream position of PtpB gene. The expression system has long time been 

established after initiated by Studier and Moffat (Studier & Moffat, 1986). An hexa-histitine 

sequence is located at the up-stream on PtpB gene, a design that expected to enrich the 

purification of PtpB, since we previously experienced difficulty to purify related protein tagged 

with hexa-Histidine sequence at its C-terminus or  (unpublished work). 
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Expression of  PtpB in E. coli  

By using pET30a expression vector, we were able to overexpress Mtb PtpB as shown in Figure 

3. As expected, PtpB appears at molecular weight of aroung 31kD(Grundner, Ng, & Alber, 

2005).However, PtpB is found in insoluble fraction. This indicates that PtpB is synthesized at 

both high rate and quantity that lead to inclusion body formation.Formation of inclusion body is 

not a rare even, especially when the synthesis of foreign protein takes place at a very high rate. 

Fortunately, strategies to recover proteins from inclusion bodies are now established (Singh et 

al., 2015) and this task will comprise our immediately future work.  

Perspective 

The importance of the study of virulence factors or Mtb has been widely recognized in order to 

combat this life-threatening disease. Since PtpB increasingly becomes an interesting target to 

prevent LBTI (Zhou et al., 2010), we propose to test the potencies of several chemical agents 

resulted from in silico study(Dhanjal et al., 2014) to inhibit PtpB both in vitro and in vivo. 

 

Conclusion  

We have successfully cloned M. tuberculosis PtpB gene within pET-30a as an N-terminally 

hexa-His tagged protein. Expression of PtpB has been performed in E. coli and it was shown that 

PtpB is overexpressed as inclusion body. For further biochemistry study of PtpB, the protein 

needs to be recovered. The overall approach chosen in this study provides a way to study the 

biochemistry property of PtpB.  

Figure 3. Expression of PtpB in E. coli BL21 (DE3) under T7 promoter and induced by 0.5 mM IPTG. 
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Ysh Tim Editor Biosaintifika, 

Terima kasih atas kerja sama yang baik sehingga manuskrip kami dengan nomor DOI di atas 

telah diterbitkan. 

Selanjutnya kami mohon maaf atas keterlambatan memberikan tanggapan, karena saya berpikir 

besok (Rabu 27 Desember adalah kesempatan terakhir kami mengirimkan email tanggapan, 

sementara pdf final manuskrip kami sudah muncul pada laman jurnal. Beberapa hal yang perlu 

diperbaiki diikhtisarkan pada tabel di bawah ini: 

No Hal 

(lama) 

Hal 

(baru) 

Tertulis Perbaikan dan Komentar 

1 345 530 Abstract Abstrak ini telah diringkas dan 

saya setuju. 

2 346 531 

 

Mohon ditambahkan koma dan 

spasi setelah (Boschoff & 

Barry, 2005) dan tutup kurung 

setelah ….non-human 

primates. 

3 346 531 

 

Sebaiknya disingkat M. 

tuberculosis agar lebih 

konsisten 

4 346 531 

 

Mohon yang di-highlight 

dihilangkan. Selain karena 

kemunculannya tiba-tiba (tidak 

ada dalam manuskrip kami), 

sisipan ini juga mengganggu. 

Jadi, setelah sitasi *(Chauhan 

et al., 2013) langsung diikuti 

titik. 

5 346 

ph. 5 

531 

 

Promoter diganti promoter. 

Mohon ditambahkan spasi 

antara ….coli dan BL21. 

 346 

ph. 5 

531 

 

…materials in to investigate… 

menjadi ….materials in order 

to investigate… 

Setelah sitasi (Dhanjal et al., 

2014) diikuti titik. Tambahan 

protein tyrosine phosphtase B 

(mPTPB) mohon dihilangkan 

karena tidak ada dlm 

manuskrip awal dan tidak ada 

konteksnya.  

K5 Revisi naskah sesuai permintaan reviewer Des 2017



6 346 531 

 

…bacto tryptone 

7 347 532 

 

Mohon tanda koma diganti 

titik untuk konsentrasi larutan. 

Setelah DTT tidak ada spasi, 

langsung tutup kurung. 

8 347 532 

 

Mohon ditambah spasi di 

antara PtpB dan activity 

9 348 533 Figure 2  Penting: Mohon gambar 

elektroforegram dirotasi 90O 

searah jarum jam 

10 349 533 

 

Mohon yang di-highlight 

dihilangkan. Selain bukan 

berasal dari manuskrip kami, 

sisipan ini tidak jelas 

konteksnya dan mengganggu 

11 349 534 

 

Mohon yang di-highlight 

dihilangkan. Selain bukan 

berasal dari manuskrip kami, 

sisipan ini tidak jelas 

konteksnya dan mengganggu 

12 350 535  

 
 

 

…(Zhoue et al., 2010), 

where… (koma dan spasi).  

 

… in developing potent and 

selective mPtpB inhibitors a 

unique antituberculosis (anti-

TB). By using this result…. 

(mPtpB agar lebih konsisten). 

‘anti-TB’ di dalam dua kurung 

dan diikuti titik kemudian 

dianjutkan kalimat baru “By 

using …. 

 

Setelah kutipan (Dhanjal et al., 

2014) diikuti titik. Kalimat 

protein tyrosine phosphatase B 

(mPTPB dihilangkan  

 



Response to reviewer notes: 
U1: Abstrak mhn diperjelas tujuan, metode hasil, simpulan dan manfaat peleitian, 

lihat kisi kisi: 

Beberapa hal yang ditanyakan reviewer telah dicantumkan secara implisit di dalam abstrak. Dalam revisi 

ini, abstrak telah diperbaiki untuk memperjelas bagian-bagian yang ditanyakan sbb: 

Tujuan penelitian: ….., expression of active PtpB in a simple expressing system….. 

Metode:  …… Mtb PtpB gene has been cloned in pET30a vector and overexpressed in E. coli BL 

21(DE3) under IPTG induction as inclusion body. Following resolubilization by urea …… 

Hasil: ……the resulted PtpB has also been been shown to be active against para-Nitrophenyl 

phosphate……. 

Simpulan dan manfaat: It is concluded that the resulted PtpB has had been recovered from inclusion 

body to give the active form of the enzyme, and thus the success in overexpressing PtpB provides the 

required material to further investigate the biochemical properties of the pathogen virulence factor 

 

U2: Tiap paragraph baru menjork ke dalam, lihat cth artikel yg sdh terbit  

Tiap paragraph telah diperbaiki cara penulisannya sebagaimana disarankan reviewer 

 

U3: Gambar ini dari hasil penelitian penulisa taua refernsi??  Pendahuluan tdk 

perlu gambar, lebih baik ditulis dlm kalimat mengalir diserai refernsi  

Gambar ini adalah hasil reka cipta dari pengaran berdasarkan beberapa referensi. Sesuai saran reviewer, 

gambar 1 telah dihilangkan dan diganti dengan penjelasan di dalam pendahuluan. 

 

U4: Langkah langkah perlu dijelaskan lebih detail  

Langkah-langkah penelitian telah dijelaskan lebih detail. 

 

U5: Gambar ini dari referensi atau menggambar sendiri  ? jika dari refernsi mhn 

diberi refernsi nya 



Gambar ini adalah disain sendiri menggunakan perangkat lunak analisis DNA SnapGene dengan lisensi 

atas nama pengarang LRTS. Nomor gambar telah diubah menjadi Gambar 1, karena gambar sebelumnya 

pada pendahuluan telah dihilangkan. 

 

U6: Hasil terlalu sedikit, mhn ditambah data,  

Sesuai dengan tambahan pada bagian metode, data telah ditambah dengan gambar elektroforegram 

SDS-PAGE setelah PtpB didenaturasi dengan urea dan di-recover dengan cara dialysis. Aktivitas PtpB 

ditunjukkan pada Gambar 3  yang merupakan hasil hidrolisis para Nitrophenyl phosphate.  


