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Abstract   MRA1997 is a 76-residue conserved 
hypothetical protein of Mycobacterium tuberculosis 
H37Ra, one of the most pathogenic bacterial species 
and the causative agent of tuberculosis. In this study, 
the sequence–specific backbone resonance 
assignment of MRA1997 was performed using NMR 
spectroscopy. Approximately 88.3% of the total 
resonances could be unambiguously assigned. By 
analyzing deviations of the Cα and Cβ chemical shift 
values, the secondary structure of MRA1997 was 
calculated. The result revealed that secondary 
structure of MRA 1997 consists of one α-helix and 
five β-sheets. Our structural study will be a footstone 
towards the characterization of the three-dimensional 
structure of MRA1997. 
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Introduction 
 
Mycobacterium tuberculosis is one of the most 
pathogenic species affecting public health around the 
world. Tuberculosis is an infectious disease caused 
by bacteria belonging to the Mycobacterium 

tuberculosis complex. In many cases, the infection 
remains in an inactive or latent state, but it can 
progress to active disease which, if left untreated, 
kills more than 50% of those infected. 1 However, the 
known therapeutic agents for tuberculosis such as 
etambutol, isoniazid, pyrazinamide and rifampicin, 
cause thrombocytopenia, neuropathy and liver 
damage as adverse effects. 2 Moreover, resistance 
concern has been arising. 3 Vaccination is limited 
because of the variable effectiveness of the vaccine 
against adult pulmonary tuberculosis. 4 In this regard, 
to overcome these problems, identification of novel 
drug targets is important, but many of 
Mycobacterium tuberculosis protein remains 
hypothetical and unknown. MRA1997 is a conserved 
hypothetical protein of Mycobacterium tuberculosis 
H37Ra. MRA1997 consists of 76 amino acid residues 
with a molecular weight 8.3 kDa and calculated 
isoelectric point of 1.49. The present study reports 
the sequence-specific backbone resonance 
assignments and secondary structure of hypothetical 
protein MRA1997 of Mycobacterium tuberculosis 
H37Ra. This structural study will be helpful for a 
better understanding of the mechanism of 
pathogenesis and a search for therapeutic targets for 
tuberculosis. 
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Experimental Methods 

 
Sample preparation- Recombinant plasmid for 
MRA1997 was constructed using pET21a(+) vector 
system to acquire high quality of target protein. 
Uniformly 15N- or 15N/13C-labeled MRA1997 was 
expressed in Escherichia coli strain, BL21(DE3) 
grown in M9 medium supplemented with 15N-NH4Cl 
and/or 13C-glucose. Recombinant protein expression 
was induced by 0.5 mM isopropyl 
β-D-1-thiogalactopyranoside (IPTG) to cells grown 
for 4 hours at 37°C. 
 
The cell lysate was centrifuged at 18,000 rpm for 1 
hour at 4°C. The cleared supernatant was purified by 
binding to Ni affinity column eluting by imidazole. 
Further purification was achieved by gel filtration 
chromatography using Superdex75 column 

(Pharmacia) which was previously equilibrated with 
buffer (50mM Tris-HCl, pH 7.5 and 200mM NaCl). 
The purity of six histidine-tagged MRA1997 was 
estimated to be over 95% by SDS-PAGE. The 
purified protein was concentrated to 1mM in 50mM 
phosphate buffer (pH 6) containing 200mM NaCl to 
which 10% D2O was been added. 
 
NMR experiments- NMR experiments were recorded 
by JEOL ECA 600 MHz NMR spectrometers. All 
NMR experiments were carried out at 298K. Nearly 
complete sequential–backbone assignment of the 
protein was achieved using a series of triple 
resonance spectra [three-demensional (3D) HNCO, 
HN(CA)CO, HNCA, HN(CO)CA, HNCACB, 
CBCA(CO)NH]. 5 1H, 15N and 13C chemical shifts 
were externally referenced to tetramethylsilane (TSP). 
6 All NMR data were processed with NMRpipe7 and 

 

 
 
Figure 1. 2D 1H /15N HSQC spectrum of MRA1997. Each of the backbone NH resonances on the spectrum is labeled 
with the assigned amino acid residues. 
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analyzed by NMRviewJ. 8 The backbone dihedral 
torsion angles were calculated using the TALOS 
program which uses a combination of 1H, 15N, 13Cα, 
13Cβ and 13CO chemical shifts of adjacent residues. 
9-11  
 
 
Results and Discussion 
 
A 2D 1H/15N HSQC spectrum of MRA1997 is shown 
with the assigned amino acid residues (Figure 1). 
Approximately 88.3% chemical shifts of 1HN, 15N, 
13CO, 13Cα and 13Cβ were assigned. All the assigned 
chemical shift values are presented in Table 1. The 
assignment of remaining resonances was not possible 

due to spectral overlap and ambiguity.  
In general, the chemical shift values are sensitive to 
molecular conformation, backbone dihedral angle, 
hydrogen bond interactions, backbone dynamics, 
ring-flip rates, etc. Residue-specific secondary 
structures of MRA1997 were estimated on the basis 
of the assigned chemical shifts applied to the TALOS 
program. Figure 2 shows the values of the backbone 
dihedral angles phi(φ) and psi(ψ) against the protein 
residues. The secondary structure of MRA 1997 is 
composed of one α-helix and five β-strands; the 
β-strands correspond to residues 3-10(β1), 17-21(β2), 
25-30(β3), 59-63(β4), 71-76(β5) while the α-helix 
correspond to residues 39-51(α1). 

 
 

 
 
 
 

 

 
 
Figure 2. The secondary structure of MRA1997. Backbone dihedral angels, phi(φ) and psi(ψ), were calculated using the 
TALOS program. 
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Table 1. Chemical shifts of 1HN, 15N, 13CO, 13Cα and 13Cβ of MRA1997. All the chemical shifts were referenced to the 
frequency of the TMS. 
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