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Abstract 
 
Background: Mycobacterium tuberculosis Complex (MTBC) is a group of Mycobacterium that causes tuberculosis 
(TB). TB is an infectious disease that remains a global health problem. Indonesia is one of the five countries in the 
world where TB is the most prevalent and became the country with tle second largest rate of TB in 2014 and 2015. 
MTBC has high pathogenicity that can cause infections in animals and humans. The most common route of 
transmission is via airborne droplet nuclei and contact with animals or humans infected with TB. MTBC has many 
virulence factors. One of these factors is EccB5 that is encoded by eccB5 gene. EccB5 is a transmembrane protein-
conserved membrane protein and could play a role in inducing damage in host cells, macrophage infection, and may 
correlate with active disease. The characterization of eccB5 gene needs to be studied to determine the nucleotide 
sequences, which may be associated with active disease. The aim of this research was to analyze  the nuclotide 
sequences of eccB5 gene of MTBC from suspected pulmonary tuberculosis  patients, SNPs of eccB5 gene and possible 
correlation with the disease, especially in Indonesia. 
Materials and Methods: Samples were collected from the Tuberculosis Laboratory, Clinical Microbiology of Dr. 
Soetomo Hospital Surabaya Indonesia. DNA extraction used boiling extraction method and continued nucleic acid 
amplification using PCR techniques. Primer pairs used eccB5 SK.. The positivity of DNA specific revealed amplicon in 
1592 bp. PCR product was sequenced by 1st Base (First BASE Laboratories Sdn Bhd, Selangor, Malaysia). The 
sequence analysis used Genetyx-Win version 10.0 (Genetyx Corporation, Tokyo, Japan). 
Results: Total isolates of Mycobacterium spp. were 28 and those that showed  positive MTBC were 24 isolates and 4 
nontuberculosis mycobacteria (NTM) using immunochromatographic test (ICT). The amount of homology from 
MTBC using blast NCBI was 99%-100%. Two SNPs were found in position c.1277  which revealed replacement of 
amino acid in 426 of codon position. 
Conclusion: The sequence of eccB5 gene of MTBC showed high significant homology, while proposed non-
synoymous single nucleotide polymorphisms (nsSNP) may associated with clinical outcomes. 
 
Keywords: Pulmonary Tuberculosis, Mycobacterium tuberculosis Complex, eccB5 gene, SNPs 
 
Introduction 

 
Mycobacterium tuberculosis Complex (MTBC) is a zoonotic bacteria that causes tuberculosis (TB) in humans 

and animals (Smith, 2003; Carroll et al., 2016). In 2011 new cases of TB worldwide  were more than 9 million, 
resulting in 1.4 million deaths as a result of TB. In 2013, the prevalence was 11 million and the incidence was 9 million 
(WHO, 2014). Indonesia was one of five countries with the largest rate of TB incidence in 2014 and 2015. Indonesia 
also in had the second highest global occurance of TB globally in 2015 (WHO, 2015; WHO, 2016). The estimated 
mortality rate in 2015 of TB with HIV was 26,000 and the mortality rate with HIV negative  status was 100,000 (WHO, 
2016). 
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Pathogenesis of pulmonary tuberculosis transmission is initiated by the bacterial spread from TB-positive 
individuals to other persons through the air by coughing and sneezing (Collins et al., 2004; CDC, 2013). Transmission 
occurs by direct contact of droplet nuclei containing MTBC via inhalation. MTBC is deposited into the pulmonary 
alveoli and multiplicates intracellularly. MTBC also induces  and manipulates the immune system response of the host  
and secretion of the host’s  pro-inflammatory cytokines (TNF, IL-6 and IL-12) post-infection to macrophages (Bottai et 
al., 2012; Nunes-Alves et al., 2014; Boradia et al., 2014). Typical clinical symptomps of TB patients are coughing for 
more than 3 weeks or longer, respiratory disease, chest pain, coughing containing blood and/or sputum, fever, and night 
sweats (CDC, 2013; Nunes-Alves et al., 2014).  

MTBC has many virulence factors such as type VII secretion system (T7SS) and consists of ESX-1 to ESX-5 
system (Houben et al., 2012). ESX-5 could manipulate the macrophage immune response. Several genes are known to 
encode this system, especially eccB5 gene in the ESX-5 system. EccB5 is a conserved membrane protein encoded by the 
eccB5 gene and could play a role of inducing damage in host cells and macrophage infection and also severe disease 
process (Abdallah et al., 2009; Abdallah et al., 2011; Shah et al., 2015). Otherwise reported by Di Luca et al., 2012 
revealed that  slow-growing mycobacteria consist ESX-5 system, but not found in fast growing. The characterization of 
nucleotide sequences of the eccB5 gene needs to be investigated, especially by using isolates from suspected pulmonary 
tuberculosis patients in Indonesia, which up to the moment have not been clearly identified. This study aims to define 
and determine genetic nucleotide sequences, single nucleotide polymorphisms (SNPs) and homology of the eccB5 gene 
and their correlation to active disease.  
 
Materials and Methods 
Samples  
 

Samples were collected from suspected pulmonary tuberculosis patients from the Tuberculosis Laboratory, 
Department of Clinical Microbiology, Dr. Soetomo Hospital, Surabaya, Indonesia, from January 2016 until January 
2017. All samples of sputum were prepared for staining with Ziehl Neelsen (ZN) method, and standard culture method 
in Lowenstein Jensen (LJ) media (WHO, 1998a; WHO, 1998b). Sputum samples were performed to decontamination 
using Sodium hydroxide (NaOH) with a concentration of  4% and prepared to culture in LJ media (WHO, 1998b). 
 
Phenotypic identification MTBC : Isolates from LJ media were prepared for differentiating MTBC and NTM 
according to the procedure of SD-Bioline test (Standard Diagostic, inc, Republic of Korea) (Arora et al., 2015). 
 
DNA extraction : DNA extraction used  boiling extraction method (Aldous et al., 2005). 
 
PCR : Nucleic acid amplification used PCR techniques and primer pairs eccB5 SK forward and eccB5 SK reverse. PCR 
Master Mix used GoTaq® (Promega, USA). DNA thermal cycler Bio-Rad (Bio-Rad laboratories) was set to perform 
initial denaturation at 95°C for 3 minutes, denaturation 95°C for 10 seconds, annealing 53,8 oC for 15 seconds followed 
by 35 cycles, extension 72°C for 15 seconds and final extension 72°C for 10 minutes.  Positive amplification showed 
amplicon in 1592 bp under UV trans illuminator. 
 
Bioinformatic analysis : PCR products were sequenced by 1stBASE Sequencing INT (First BASE Laboratories Sdn 
Bhd, Selangor, Malaysia). Sequences data were aligned to reference strain from gene bank NCBI (2016) 
Mycobacterium tuberculosis H37Rv (RefSeq: NC_000962.3) using Genetyx-Win versi 10.0 (Genetyx Corporation, 
Tokyo, Japan).  
 
Ethical Approval: Ethical clearance no 532/Panke.KKE/IX/2016, was issued by the Ethical Committee of Health 
Research of Dr. Soetomo Hospital. 

 
Result 

 
The number of total sputum samples were 28 from suspected pulmonary tuberculosis patients. All samples 

were identified by microscopy using ZN staining method and showed positive for 28 samples. There were 28 samples 
of culture using LJ media that resulted in a growth of colonies, and brief use of SD-Bioline test resulted in 24 positive  
MTBC and 4 NTM (Table 1) . All positive samples of MTBC were subjected to amplification using PCR technique and 
sequencing.  
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Table 1. The result of several test methods in sputum samples of suspected pulmonary tuberculosis patients in Dr. 
Soetomo Hospital Surabaya Indonesia 

Methods Positive Negative Total 
ZN staining 28 0 28 
LJ media  28 0 28 
SD-Bioline test 24 4 28 
PCR 24 4 28 

 
a 

 
 
 
 
 
 
 
 
 
 
 

b.  
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Figure 1. PCR product amplification, a, M : Marker; Px1-Px13 isolates of MTBC; M.for : Mycobacterium 

fortuitum; K+ : Mycobacterium tuberculosis H37Rv as a positive control; K- : negative control. b, M : Marker; Px14-
Px24 isolates of MTBC; Px25-px26 isolates of NTM; M.for : Mycobacterium fortuitum; K+ : Mycobacterium 
tuberculosis H37Rv as a positive control; K- : negative control. c, M : Marker; Px27-Px28 isolates of NTM; M.for : 
Mycobacterium fortuitum; K+ : Mycobacterium tuberculosis H37Rv as a positive control; K- : negative control. 
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b  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Sequence electropherograms result in reversed primer of PCR product, a, sequence electropherogram from 
sample with SNP (c.1277 T/A), b, sequence electropherograms from sample without SNP W= T and A 

 
Isolates with positive eccB5 gene as the target showed amplicon of 1592bp (Figure 1) and were sequenced by 

1st Base Sequencing INT (First BASE Laboratories Sdn Bhd, Selangor, Malaysia). Alignment for sequences had 
similarity of 100% and three isolates  had 99% identity compared to Mycobacterium tuberculosis H37Rv (RefSeq: 
NC_000962.3). Based on the  result of nucleotide sequences analysis of the isolates, we identified SNPs (Figure 2) in 
the same position.  This research took into account the indication of amino acid change (N/I) or non-synonymous SNPs 
in 426 codon position (from the 1521 of full gene of eccB5). This research also showed that eccB5 gene was not 
amplified in four isolates of NTM (Figure 1) and fast growing mycobacteria (Mycobacterium fortuitum) using multiple 
alignment program of Genetyx-Win version 10.0 (Genetyx Corporation, Tokyo, Japan). 
 
Discussion 

 
There is an increasing mortality rate due to infectious disease caused by members of the MTBC and this has a 

correlation with a severe disease that remains a global health problem (WHO, 2015; WHO 2016). The trend of 
increasing TB incidence could be assosiated with virulence factor of MTBC such as type T7SS (consists of ESX-1 to 
ESX-5 system) (Forrellad et al., 2013; Houben et al., 2014; Simeone et al., 2015). EccB5 is a transmembrane protein 
that is part of the ESX-5 system and encoded by the eccB5 gene and the larger membrane complex translocation 
channel. All components in ESX-5 and also eccB5 gene correlate with nutrition uptake, substrate transport, and viability 
of MTBC. They  may play a role in active disease and process of infection (Abdallah et al., 2011; Bottai et al., 2012; Di 
Luca et al., 2012; Stoop et al., 2012; Simeone et al., 2015). 

The finding of single nucleotide polymorphisms (SNPs) in the eccB5 gene could be associated with TB clinical 
outcome, correlated with a severe disease procces and virulent strains. The SNPs of nucleotide sequences provide the 
basic information, especially from clinical isolates that found from pulmonary tuberculosis patients in Indonesia. In this 
research, we show SNPs with subtitution of nucleotide sequences at position 1277 from the 1521 full gene of eccB5 and 
replacement of the amino acid or non-synoymous SNPs (nsSNPs) (N/I) at 426 codon position. Asparagine (N) is 
common involved in binding site that has a polar side chain and generally on the protein surface. In contrass,  
isoleucine (I) is hydrophobic amino acid and has several function in substrat recognition (Bett and Russell, 2003).  
Accordingly Beckham et al.,  (2017), one of the core protein of ESX-5 (EccB5) was significant lower of expression but 
affects the formation complex and stability. Several other studies demonstrated that eccB5 gene was found SNPs in 
2017898 from whole gene of Mycobacterium tuberculosis with amino acid T/T (Satta et al., 2016). Most nsSNPs 
produce modification of an amino acid (Gutacker et al., 2006). Based on the report from our research, the proposed 
SNPs, whose functions are still unknown, had association with the disease proccess in  patients who showed severe 
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clinical symptoms such as haemoptysis, asphyxia and were suspected of TB mediastinum. These SNPs may correlate 
with the level of virulence factor, such as nutritional uptake and cell host damage. 

Ramón-García et al., (2012) showed that several gene such as eccB5, eccCb5, eccA5, esxJ, esxM, esxN and 
esxU are included  in the immunologically active ESAT-6 family of protein. As previously described, the ESX-5 
system among eccB5 gene had effect in the substrate transport through cytosolic mechanism and possibly induce cell 
death (Abdallah et al., 2009 ; Abdallah et al., 2011). The eccB5 gene also affects the activation of phosphate and 
stability of cell wall of MTBC (Ates et al., 2015; Elliot and Tischler, 2016).  

The present study also found that eccB5 gene as  long as 1521bp were not amplified in Mycobacterium 
fortuitum and in some  NTM members. The final result of blast and alignment from NCBI showed that no significant 
similarity was found in reference strain of Mycobacterium fortuitum Complex (taxid:1866885) and Mycobacterium sp. 
MOTT36Y_CP003491.1 only has similarity 79%. Based on this result, eccB5 gene used with this primer pairs could 
also differentiate the member of NTM and the member of MTBC.  
 
Conclusion 

 
The nucleotide sequence of eccB5 gene of MTBC showed high significant homology. This study found the 

presence of nsSNPs and replacement of amino acid (N/I) in 426 codon position, which may be proposed as SNP in 
MTBC strains from pulmonary tuberculosis patients in Surabaya, Indonesia. The nsSNPs may associated with clinical 
outcome in suspected pulmonary tuberculosis patients. 
 
Conflict of interest: No conflict of interest exists concerning this research. 
 
Funding: Indonesian Ministry of Research, Technology and Higher Education, Indonesian Government, Universitas 
Airlangga. 
 
Acknowledgements: The authors would like to thank the Indonesian Ministry for Research, Technology and Higher 
Education, Government of Indonesia, and Universitas Airlangga, in supporting the funding of this research. We also 
thank the directorhip of Dr. Soetomo Hospital, Surabaya, Indonesia, as well as to Sugeng Harijono and Agnes Dwi Sis 
Perwitasari, the technicians of the TB laboratory who assisted with this reseach. The authors would also like to thank 
the Institute of Tropical Diseases (ITD) Universitas Airlangga for supporting this laboratory research to conduct this 
research. 

 
References  
 

1. Arora, J.,  Kumar, G., Verma, A.K., Bhalla, M.,  Sarin, R. and Myneedu, V.P. (2015). Utility of MPT64 antigen 
detection for rapid confirmation of Mycobacterium tuberculosis complex.  Journal of Global Infectious Diseases. 
7(2):66-69. 

2. Abdallah, A.M., Verboom, T. and Weerdenburg, E.M. (2009). PPE and PE_PGRS proteins of Mycobacterium 
marinum are transported via the type VII secretion system ESX-5. Molecular Microbiology. 73:329–340. 

3. Abdallah, A.M., Bestebroer, J., Savage, N.D.L., de Punder, K., van Zon, M., Wilson, L., Korbee, C.J., van der Sar, 
A.M., Ottenhoff, T.H.M., van der Wel, N.N., Bitter, W. and Peters, P.J. (2011). Mycobacterial secretion systems 
esx-1 and esx-5 play distinct roles in host cell death and inflammasome activation. The Journal of Immunology. 187: 
4744–4753. 

4. Aldous, W.K., Pounder, J.I.,   Cloud, J.L. and Woods, G.L. (2005). Comparison of Six Methods of Extracting 
Mycobacterium tuberculosis DNA from Processed Sputum for Testing by Quantitative Real-Time PCR. Journal Of 
Clinical Microbiology. 43(5): 2471–2473. 

5. Ates, L.S, Ummels, R., Commandeur, S., van der Weerd, R., Sparrius, M., Weerdenburg, E., Alber, M., Kalscheuer, 
R., Piersma, S.R., Abdallah, A.M., El Ghany, M.A., Abdel-Haleem, A.M., Pain, A., Jiménez, C.R., Bitter, W. and 
Houben, E.N.G. (2015). Essential role of the ESX-5 secretion system in outer membrane permeability of pathogenic 
mycobacteria. PLOS Genetics. 11(5):e1005190. 

6. Beckham, K.S.H., Ciccarelli, L.,  Bunduc, C.M.,  Mertens, H.D.T.,  
Ummels,R., Lugmayr, W., Mayr, J., Rettel, M.,  Savitski, M.M.,  
Svergun, D.I.,  Bitter, W.,  Wilmanns, M.,  Marlovits, T.C.,  
Parret, A.H.A., and Houben, E.N.G. (2017). Structure of the mycobacterial ESX-5 type VII secretion system 
membrane complex by single-particle analysis. Nature Microbiology. 17047(2):1-7. 

7. Bett, M.J., and Russell, R.B. (2003). Amino Acid Properties and 
Consequences of Substitutions in Bioinformatics for Geneticists (eds M. R. Barnes and I. C. Gray), John Wiley & 
Sons, Ltd, Chichester, UK, pp. 300-306. 



 

42 

 

8. Boradia, V.M., Malhotra, H.,  Thakkar, J.S., Tillu, V.A., Vuppala, B., Patil, P., Sheokand, N., Sharma, P., Chauhan, 
A.S., Raje, M. and Raje, C.I. (2014). Mycobacterium tuberculosis acquires iron by cell-surface sequestration and 
internalization of human holo-transferrin. Nature Communications.  4730(5):1-12 

9. Bottai, D., Di Luca, M., Majlessi, L., Frigui, W., Simeone, R., Sayes, F., Bitter, W., Brennan, M.J., Leclerc, C., 
Batoni, G., Campa, M., Brosch, R. and Esin, S. (2012). Disruption of the ESX-5 system of Mycobacterium 
tuberculosis causes loss of PPE protein secretion, reduction of cell wall integrity and strong attenuation. Molecular 
Microbiology. 83(6):1195–1209.  

10. Carroll, K.C., Hobden, J.A., Miller, S., Morse, S.A, Mietzner, T.A., Detrick, B., Mitchell, T.G., McKerrow, J.H. and 
Sakanari, J.A. (2016). Jawetz, Melnick, & Adelberg’s medical microbiology twenty-seventh edition. New York : 
McGraw-Hill Education, pp. 309-320. 

11. Centers for Disease Control and Prevention  (CDC) (2013). Core curriculum on tuberculosis: 
what the clinician should know Sixth Edition 2013, Centers for Disease Control and Prevention, Available from 
www.cdc.gov/tb. 

12. Collins, C.H., Lyne, P.M., Grange, J.M. and Falkinham III, J.O. (2004). Microbiological Methods Eight Edition. 
New York : Arnold, pp. 379-399. 

13. Di Luca, M., Bottai, D., Batoni, G., Orgeur, M., Aulicino, A., Counoupas, C., Campa, M., Brosch, R. and Esin, S. 
(2012). The ESX-5 associated eccB5-eccC5 locus is essential for Mycobacterium tuberculosis viability. PLoS ONE. 
7(12):e52059.  

14. Elliot, S.R, and Tischler, A.D. (2016). Phosphate starvation: a novel signal that triggers ESX-5 secretion in 
Mycobacterium tuberculosis. Molecular Microbiology. 100(3):510–526. 

15. Forrellad, M.A., Klepp, L.I., Gioffré, A., García, J.S., Morbidoni., H.R., Santangelo, M.P., Cataldi, A.A., and Bigi, 
F. (2013). Virulence factors of the Mycobacterium tuberculosis complex. Virulence. 4(1): 3–66. 

16. Gutacker, M.M.,  Mathema, B., Soini, H.,  Shashkina, E., Kreiswirth, B.N.,  
Graviss, E.A. and Musser, J.M. (2006). Single-Nucleotide Polymorphism–Based Population Genetic Analysis of 
Mycobacterium tuberculosis Strains from 4 Geographic Sites. The Journal of Infectious Diseases. 193:121–128. 

17. Houben, E.N.G., Korotkov, K.V. and Bitter, W. (2014). Take five — type VII secretion systems of Mycobacteria. 
Biochimica et Biophysica Acta. 1843:1707–1716. 

18. National Center for Biotechnology Information  (NCBI). (2016).  Available from 
https://www.ncbi.nlm.nih.gov/nuccore/NC_000962.3 

19. Nunes-Alves, C., Booty, M.G., Carpenter, S.M., Jayaraman, P., Rothchild, A.C. and Behar, S.M., (2014). In search 
of a new paradigm for protective immunity to TB. Nature Reviews Microbiology. 12:289-299. 

20. Ramón-García, S., Mick, V., Dainese, E., Martín, C., Thompson, C.J., Rossi, E.D., Manganelli R. and Aínsa, J.A. 
(2012). Functional and genetic characterization of the tap efflux pump in Mycobacterium bovis BCG. Antimicrobial 
Agents and Chemotherapy. 56(4): 2074–2083. 

21. Satta, G., Witney, A.A., Shorten, R.J., Karlikowska M, Lipman M, & McHugh T.M. (2016). Genetic variation in 
Mycobacterium tuberculosis isolates from a London outbreak associated with isoniazid resistance. BMC Medicine, 
14(117):2-9. 

22. Shah, S., Cannon, J.R., Fenselau, C. and Briken, V. (2015). A duplicated ESAT-6 region of ESX-5 is involved in 
protein export and virulence of mycobacteria, Infect. Immun [Accepted Manuscript], 83(11):4349-4361. 

23. Simeone, R., Bottai, D., Frigui, W., Majlessi, L. and Brosch, R. (2015). ESX/type VII secretion systems of 
Mycobacteria: insights into Q3 evolution, pathogenicity and protection. Tuberculosis. 95(Suppl. 1):S150–S154. 

24. Smith, I. (2003). Mycobacterium tuberculosis pathogenesis and molecular determinants of virulence. Clinical 
Microbiology Reviews. 6(3):463-496. 

25. Stoop, E.J.M., Bitter, W. and van der Sar, A.M. (2012). Tubercle bacilli rely on a type VII army for pathogenicity. 
Trends in Microbiology. 20(10):477-484. 

26. World Health Organization (WHO). (1998a). Laboratory services in Tuberculosis control part II:Microscopy. 
Geneva, Switzerland: pp 27-50. 

27. World Health Organization (WHO). (1998b). Laboratory services in Tuberculosis control part III:Culture. Geneva, 
Switzerland : pp. 25-74. 

28.  World Health Organization (WHO). (2014). Global Tuberculosis Report 2014. World Health Organization, Geneva, 
Available from http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf. 

29. World Health Organization  (WHO). (2015). Global tuberculosis report 2015, World Health Organization, Geneva, 
Available from, http://apps.who.int/iris/bitstream/10665/191102/1/9789241565059_eng.pdf?ua=1. 

30. World Health Organization  (WHO). 2016. Global Tuberculosis Report 2016, World Health Organization, Geneva, 
Available from, http://apps.who.int/iris/bitstream/10665/250441/1/9789241565394-eng.pdf 


