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Abstract. The existing tuberculosis diagnostic with Ziehl Neelsen staining method is a 

main pillar in enforcing rapid and accurate diagnosis, which has low sensitivity and 

specificity. On the other hand, the culture method has become a gold standard, needs a 

longer time. This study aims to determine the specifics of MPB64 in M. tuberculosis as an 

alternative to the rapid diagnosis of pulmonary tuberculosis. A molecular-based cross-

sectional study was conducted on 100 sputum samples of suspected TB patients. We 

specifically identified the variation and conserved sequence of MPB64 in M. tuberculosis 

in the polymorphisms. We designed a specific primer for MPB64 in M. tuberculosis 

conserved gene as an alternative to the rapid and accurate molecular diagnosis of 

tuberculosis. We found 48 positive and 52 negatives in cultures, meanwhile 35 positive 

and 65 negative PCR results. In the specific design of MPB64 of M. tuberculosis, we found 

a sequence with the primer code of F-MPTAE2 and R- MPTAE2, which is 20 bp-length. 

In conclusion, the specific design of MPB64 M. tuberculosis which is self-designed has 

potential in PCR method for M. tuberculosis diagnosis. 
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1   Introduction 

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis. One-

third of the world's population is reported to have been latently infected with the bacterium. The 

burden of TB in the world has reached 10.4 million with the new cases consisting of 5.9 million 

men, 3.5 million women, and 1 million children. About 1.8 million people die from TB, 

consisting of 1.1 million men, 0.5 million women, and 0.2 million children. Moreover, 1.4 

million people complicated with TB-HIV. Many TB cases are not cured, especially in 

developing countries [1]. Moreover, the burden is also triggered by the emergence of a pandemic 

of Human Immunodeficiency Virus (HIV) [2] and Multi Drugs Resistance (MDR) against anti-

TB drugs, which leads to the difficulty if case management and high mortality [3], [4]. 

Indonesia has 254.831.222 inhabitants, which occupies the second position of countries 

with the most frequent TB cases after India, as there are 1.000.000 new cases and 110.000 deaths 

annually. Meanwhile, the country also has the highest number of unreported cases (missing 

cases) as many as 690.000 cases of TB which would have affected the high mortality rate [5]. 
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In addition to the high number of the cases, there is also a problem of TB prevention in 

conducting a proper and correct diagnosis. 

It is apparent that a rapid and accurate diagnosis method is needed to optimise prevention, 

by overcoming the limitations of existing methods. The incomplete map of bacterial 

characteristics of tuberculosis that circulates throughout the region, including genotypic maps 

and bacterial resistant patterns against anti-tuberculosis drugs is another problem in the 

diagnosis in Indonesia, such as M. tuberculosis characteristic data can be used for the 

development of effective and efficient TB diagnostics to detect the type of M. tuberculosis in 

the entire region. A quick and precise diagnosis as early detection can help to determine 

treatment and break the chain of transmission. 

The development of various methods of molecular biology in the identification has been 

done to detect M. tuberculosis, such as using polymerase chain reaction (PCR). This molecular 

technique is considered having a high sensitivity and specificity. The polymerase chain reaction 

(PCR) is the examination method which principally amplifies in-vitro DNA enzymatically 

against specific target genes of M. tuberculosis strains such as IS6110, GroEL0, Pab, E-SAT6 

and MPB64. 

M. tuberculosis is known to have 4000 genes built by 4.4 x 106 base pairs (bp) with 40% 

of them being expressed into proteins and about 33 different proteins being secreted by these 

bacteria. One of the most important proteins is Mannose Binding Protein 64 or Mycobacterium 

Protein Tuberculosis (MPB64 / MPT64) consisting of 660 base pairs found only in M. 

tuberculosis and not present in any other Mycobacterium [6]. The MPB64 gene is a specific 

sequence of M. tuberculosis [7] and is often used for the diagnosis of TB, since false positives 

are low (10%) when compared with IS6110 (62%) [8], [9]. 

The MPB64 gene is suspected to have a mutation which causes polymorphism in the target 

gene [10]-[12]. As a result, the use of the MPB64 M. tuberculosis target gene in TB diagnosis 

often results in varying sensitivity and specificity [13]-[15]. This study was designed to examine 

the variation of mutations in specific MPB64 M. tuberculosis genes in patients suspected of 

pulmonary TB, and to identify specifics of MPB64 M. tuberculosis (conserved) genes that have 

been designed and optimised as candidates for pulmonary tuberculosis diagnostic testing. 

2  Materials and Methods 

A cross-sectional study was conducted on suspected pulmonary tuberculosis patients. We 

used PCR to detect the target genes MPB64 M. tuberculosis and polymorphism. A total of 100 

samples in the form of sputum from TB patients were collected from Regional Pulmonary 

Hospital of West Sumatera, which is located in Lubuk Alung, Padang Pariaman District. 

The sputum collection and work was done in Lubuk Alung Hospital microbiology lab using 

BSC II (1300 SERIES A). The morning sputum of a suspected TB patient based on chest X-ray 

was placed in a sputum pot provided. In the microbiology laboratory, we performed DNA 

isolation on the prepared sputum and TB colonies that grow on LJ medium. The DNA isolation 

method of sputum used a purple Genomic DNA Mini Kit / 50rx K1820-01 (Invitrogen) and was 

from colonies using the Boillings method. The PCR process was performed on DNA isolates 

using the MPB64  with sequence code - F_MPT01-AE 5 '- ACG TGG GAC CAA TG CTG 

GGT T-3' and R_MPT01-AE 5 '- CAG GCG TGC CAG ATT CAA ATG T -3' which amplified 

the DNA fragments along 240 bp. The PCR product was tested using gel electrophoresis at 1% 



 

 

 

 

agarose and visualised using Gel doc. The electrophoresis result showed that the position of the 

band was in 240 bp. 

3  Results 

This research was conducted in two stages. The first phase, the molecular variation of the 

MPB64 M. tuberculosis was analysed. In the second phase, we specifically designed for MPB64 

as the selected diagnostic candidate. The study was conducted on 100 samples with 20 of them 

used for molecular variation analysis. The characteristic of the respondent in this study was 

presented in Table 1. 

Table 1. Characteristics of Respondent 

Parameters n (%) 

Gender 

 Male 

 Female 

Age (years) 

 15 – 25 

 26 – 36 

 37 – 47 

 48 – 58 

 59 – 69 

 >70 

 

63 (63%) 

37 (37%) 

 

16 (16%) 

17 (17%) 

15 (16%) 

20 (20%) 

25 (25%) 

6 (6%) 

 

3.1  Tuberculosis Test 

 

The diagnosis was performed based on three TB test methods: staining, culture, and PCR on 

100 sputum samples. The PCR test used standard for MPB64 M. tuberculosis with sequence 

code F_MPT01-AE / R_MPT01-AE, Sequence- F_MPT01-AE 5’ - ACG TGG GAC CAA TAC 

CTG GGT T -3’, and Sequence- R_MPT01-AE 5’ – CAG GCG TGC CAG ATT CAA ATG T 

-3’. 

Table 2. Comparison of Sputum Test Culture and PCR Methods 

Methods Positive Negative Total 

 n % n % n % 

Culture 

PCR 

48 

35 

48 

35 

52 

65 

52 

65 

100 

100 

100 

100 

 

Table 2 described the distribution of tuberculosis diagnosis based on culture examination, and 

PCR showed varied results. A positive sputum examination was obtained from a culture 

examination as much as 48%. 

 

 

 

 



 

 

 

 

3.2  Molecular Variation Analysis 

 

The total size of the MPB64 M. tuberculosis gene is 660 bp with the limitation of the sequencing 

engine causing not all parts of DNA to be in the order of the base. The analysis should use 2 

pairs of primer with code (F_MPT01_AE / R_MPT01AE and F_MPT02_AE / R_MPT02_AE, 

Sequence- F_MPT01_AE / R_MPT01AE), F 5 'ACG TGG GAC CAA TAC CTG GGT T 3', 

and R 5 'CAG GCG TGC CAG ATT CAA ATG T 3'. Sequence- F_MPT02_AE / 

R_MPT02_AE, F 5 'TGG TAT GTG GGG GAG GTG ATA3', R 5 'GCG ATG CCC TAT GTT 

TGT GCG 3'. 

The sequences were combined using a DNA star. Chromatogram results were edited using 

Bioedit, and the sequences obtained were analysed using BLAST and Clustal Omega. 

 

 
Fig. 1. Chromatogram of MPB64 M. tuberculosis sequencing test 

 

The result of sequencing is presented in a chromatogram with a colourful peak to 

distinguish the type of nucleotide it represents (Fig. 1). Nucleotide A (Adenine) is green, 

nucleotide G (Guanine) is black, nucleotide C (Cytosine) is blue, and nucleotide T (Timin) is 

red. The file can be opened using Bioedit offline program. 

Table 3. Molecular variation of twenty samples using MPB64 H37Rv 

Sample Number of molecular variation Mutation type 

 n %  

1 2 0.3 Insertion, Deletion 

2 2 0.3 Substitution 

3 2 0.3 Substitution 

4 5 0.75 Insertion, Substitution 

5 1 0.15 Insertion 

6 2 0.3 Insertion, Deletion 

7 1 0.15 Insertion 

8 8 1.2 Deletion , Insertion 

9 1 0.15 Insertion 

10 2 0.3 Insertion, Deletion 

11 1 0.15 Insertion 

12 5 0.75 Insertion, substitution 

13 1 0.15 Insertion 

14 2 0.3 Substitution 

15 1 0.15 Insertion 

16 2 0.3 Substitution 

17 2 0.3 Insertion, Deletion 

18 1 0.15 Insertion 

19 2 0.3 Insertion, Deletion 

20 1 0.15 Insertion 



 

 

 

 

 

The molecular analysis of 20 samples showed a very little variation of the MPB64 M. 

tuberculosis gene, (i.e. 0.33 ± 0.26%) with variations spread between 0.15 - 1.2%. The largest 

variation was found in sample number 8 (1.2%) followed by samples 4 and 12 (0.75%). The 

complete results are shown in table 3. 

Analysis of the type of mutation shows the three forms of mutation (insertion, deletion, and 

substitution) found in all isolates, but with different proportions. In this study, we found 3 forms 

of insertion, 8 forms of deletion and 3 forms of substitution. The substitution model is seen in 

the form of a nucleotide replacement (SNP). The following is analysis for the pattern of 

mutations of MPB64 M. tuberculosis gene from 20 samples. 

Table 4. Mutation pattern of DNA in MPB64 M. tuberculosis from 20 samples 

Type of Mutation Position n % Samples 

Insertions 302A 

653T 

 

653A 

2 

14 

 

2 

10.0 

70.0 

 

10.0 

4, 12 

1, 5, 6, 7, 8, 9, 10, 11, 13,  

15, 17, 18, 19, 20 

4, 12 

Deletion 647A 

299-301 

303 

309-311 

7 

1 

1 

1 

35.0 

5.0 

5.0 

5.0 

1, 4, 6, 10, 12, 17, 19 

8 

8 

8 

Substitution 305C>A 

653G>T 

651T>G 

1 

6 

6 

5.0 

30.0 

30.0 

8 

2, 3, 4, 12, 14, 16 

2, 3, 4, 12, 14, 16 

*) Analysis using MPB64 H37Rv as a reference 

 

Table 4 shows the pattern of DNA mutations of MPB64 M. tuberculosis genes in the form of 

insertion, deletion, and substitution wherein the highest form of insert mutation is 70%, the 

highest delineation form 35% and the highest 30% substitution are found in turns of 653G> T 

and 651T> G nucleotides. The MPB64 M. tuberculosis conserved genes lie in position 310 - 

360. 

For the design of the MBP64 conserved genes at the position of codon 310 - 360, the 

sequence of MPB64 M. tuberculosis conserved gene to be used for primer design was obtained 

from the NCBI (National Centre for Biotechnology Information). First, we obtained properties 

or significant primer characteristics of design optimisation. Some of the primer characteristics 

were obtained a good quality of primer length, melting temperature (Tm), GC content, and 

molecular weight. 

Based on the design result, the specific primer of MPB64 M. tuberculosis was shown in 

Table 5. 

Table 5. Results of the specific design for MPB64 M. tuberculosis 

 Characteristic SSC 

Sequence TM 

(oC) 

GC 

(%) 

MW 

OD260 

Mole 

OD260 

µg 

OD260 

ext.coef/L 

(mole.cm) 

LF SF DNA 

F_MPTAE2 

R_MPTAE2 

53.2 

55.2 

45.0 

50.0 

6.079 

6.157 

5.0 

5.1 

30.3 

31.4 

200.700 

196.200 

(0.06)25 

(0.02)25 

24 

25.3 

20 

20 

 

 



 

 

 

 

Notes: 

Tm =  Melting Temperature   

MW  =  Molecular Weight 
GC  =  GC content (content of Na+ in 50mM NaCl) 

SSC =  Secondary  

LF  =  Lowest Folding free energy 
SF  =  Strongest Folding 

 

Table 5 shows the characteristics and number of oligonucleotides in both s of MPB64 

(F_MPTAE2 and R_MPTAE2) were different, but the two primers were 20-bp. 

4   Discussions 

The screening test is an analytical method to determine the extent of a method can be used 

to diagnose a disease, which is considered its sensitivity and specificity values. Identification of 

bacteria M. tuberculosis is one of the parts in diagnosing TB which is not having satisfactory 

results. Diagnostics based on staining of acid-resistant bacilli using the Ziehl Neelsen method 

is the primer choice of early diagnosis of TB because it is practical, quick, and easy. This method 

is nonetheless less sensitive. Many studies have reported the sensitivity of the staining methods 

only 40-60% because it requires skilled workers in the process and the amount of sputum of at 

least 3-5 ml [16]. 

In conducting staining examinations in the laboratory, the examinees accidentally 

unrealised do a mistake in patients. The impact even causes major errors that affect the program 

[17]. Culturing of M. tuberculosis is rated as a standard of cause delayed treatment time for the 

patient. 

As a result of some weaknesses of smear examination, some researchers developed a 

method of diagnosis of TB which is quick and easy but still has quality. Currently, the quick 

and easy but expensive examination that is being developed is the examination for TB cases. 

The sensitivity of the culture is much better than that of staining with only 10 - 100 organisms 

per ml sample. Cultural methods are the gold standard of TB diagnosis but take a long time and 

PCR molecular test.  

The success of the PCR process depends on the s used, and the good has a base number 

criterion of about 18-22 bp, more CG content, and optimum temperature. 

In the design, it is known that GC content and dimer structure are an important part because 

GC content plays a role in improving stability. Strong hydrogen bonds in G and C base pairs 

cause more stable s attached to the template DNA, so GC content is recommended in the range 

of 40-60%. In this study Table, 4.5 shows the GC content obtained in the sequence F_MPTAE2 

as much as 45% and R_MPTAE2 as much as 50%. 

 The annealing temperature (Ta) or the temperature of base repeating in the sequence is not 

used as a limitation in the study. The results of this study obtained melting temperature or 

melting temperature on sequence_F-MPTAE2 of 53.20C and R- MPTAE2 of 55.20C. An 

annealing temperature value that is proportional to the melting temperature value causes the 

annealing temperature not to be used as a characteristic considered in the design. Meanwhile, 

according to Wu et al. [18], it is advisable to avoid recurrence, because it can cause hairpin and 

road from primer to be not good, but very difficult to obtain without having hairpin structure. 

Hairpin at the 3 'delta G end (the energy required to break the hairpin structure) = -2 kcal/mol 

and an internal hairpin with G = -3 kcal/mol delta can still be tolerated. In this research, the delta 

G sequence F-MPTAE2 is 0.06 kcal / mol and sequence R- MPTAE2 = 0.02 kcal/mol. Hairpin 



 

 

 

 

may be formed due to intra-molecular interaction in the resulting in folding of the 3 'end of the 

primer. The PCR reaction should not contain secondary structures in the form of hairpin or 

dimers. 

The length of the oligonucleotides used as the optimum is about 18-22 nucleotides with GC 

content of about 50-60%. Primer size that is too short and too long will cause mismatch primer 

and the PCR reaction is not effective, because the area attached to is not the desired area for 

amplification. The result of design in this research is 20 bp which is not too short and not too 

long, so it is not expected to misprimer for diagnostic test of TB to DNA isolate in this 

dissertation research. 

Some researchers consider the melting temperature as one of the characteristics to consider, 

such as Thermodynamic Basis Sets for Nearest Neighbor Interaction (TBSNNI) method to 

calculate the melting temperature. While there are other researchers, who use the method of 

Wallaces Formula [20]. 

In addition, some studies do not use the melting temperature as the design characteristics 

but replace it with melting temperature difference. The difference in melting temperature of a 

primer pair should not exceed 50oC in the hope that the pair is attached to the template at the 

same temperature [21]. 

The research related to the optimum design showing the required characteristics in 

performing using algorithmic methods to design the optimum PCR s. This study will be 

developed so that the specific design of MPB64 of M. tuberculosis for PCR modification in 

tuberculosis diagnostic testing. 

5   Conclusion 

Our study revealed that there are three types of mutations in MPB64 of M tuberculosis, 

namely insertion, deletion, and substitution. Conserved MPB64 M. tuberculosis lies along 

positions 310-360. The specific design of MPB64 M. tuberculosis consists of sequence codes 

F-MPTAE2 and R-MPTAE2 as diagnostic candidates for lung tuberculosis. We suggested that 

molecular diagnostic methods using the specific primer from conserved MPB64 M. tuberculosis 

is needed for highly sensitive and specific detection in patients for specific TB. 
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