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ABSTRACT
	 Mycobacterium tuberculosis (Mtb) is an important infectious agent and the  

causative agent of tuberculosis in human. Mtb is thought to infect one third of the world’s 

population. Most of them are asymptomatic and latent infection. A group of genes involving in 

survival and adaptation in latent infection has been studied. RV2787 gene was hypothesized to  

involve in adaptation under stress condition such as in phagosome of macrophage or  

granuloma of infected pulmonary tissue.  This gene posses ATPase conserved domain and express  

in iron-dependent manner. Phylogenetic analysis revealed that RV2787 closely related 

genes were found in M. bovis and M. canettii with 99 % identities. Its homologue gene in  

M. leprae was found to be longer relationship with 76 % identities. Whereas other related 

genes found in non-pathogenic organisms showed less than 50 % identities. This result  

suggested that function of RV2787 should be specific and distinctive for pathogenic related  

process. Transcriptional analysis was performed to investigate the relative expression level of 

the RV2787 in nutrient-,  oxygen- and iron-depleted condition. The gene was expressed to 

a certain extent under normal growth condition and slightly decreased in nutrient-depleted 

growth condition. The expression was dramatically decreased in both iron-depleted condition 

but increased in oxygen-depleted condition. This result suggested that this gene possibly 

involves in adaptation and/or survival under stress condition.
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บทคัดย่อ
	 Mycobacterium tuberculosis เป็นเชื้อแบคทีเรียก่อโรควัณโรคในมนุษย์ ซ่ึงก่อปัญหาใน 

ด้านสาธารณสุขที่ส�ำคัญของโลก ในปัจจุบันมีประชากรโลกจ�ำนวนถึง 1 ใน 3 ที่มีการติดเชื้อนี้โดยไม่แสดงอาการ

และเป็นการติดเชื้อแฝงจากการศึกษาก่อนหน้านี้ พบยีนหลายชนิดมีความเกี่ยวข้องกับการด�ำรงชีพและการปรับ

ตัวในระหว่างการเจริญของเชื้อในระยะแฝง กลุ่มยีน RV2787 มีส่วนของยีนที่แสดงคุณสมบัติเป็นเอนไซม์ AT-

Pase  และมีข้อมูลเบื้องต้นว่าการแสดงออกของยีนขึ้นอยู่กับระดับของธาตุเหล็กในสิ่งแวดล้อม จึงมีสมมุติฐาน

ว่ายีนนี้มีความเกี่ยวข้องกับการเจริญของเชื้อภายใต้สภาวะกดดัน เช่นการเจริญในเซลล์ฟาโกโซมของมาโครฟาจ  

หรืออาศัยอยู่ในแกรนูโลมาของเซลล์เนื้อเยื่อปอดที่ติดเชื้อ ซ่ึงเป็นกลไกที่เชื้อใช้หลบหลีกไม่ให้ถูกท�ำลาย 

จากระบบภูมิคุ้มกันของโฮสต์ จากการวิเคราะห์วิวัฒนาการชาติพันธุ์ของยีน RV2787 พบยีนที่มีความสัมพันธ ์

ใกล้ชิดในเชื้อ M. bovis และ M. canettii โดยมีความเหมือนร้อยละ 99 และพบยีนที่มีความสัมพันธ์ใกล้ชิด

รองลงมาในเชื้อ M. leprae โดยมีความเหมือนร้อยละ 76 ส่วนยีนที่พบในกลุ่มเชื้อไม่ก่อโรคมีความเหมือน 

น้อยกว่าร้อยละ 50 ผลการวิเคราะห์ชี้ให้เห็นว่าบทบาทของยีน RV2787 น่าจะมีความจ�ำเพาะและเกี่ยวข้อง 

กับการก่อโรคของเชื้อ จากการศึกษาการแสดงออกของยีนโดยวิธี RT-PCR พบว่าในสภาวะการเจริญ

เติบโตปกติ ยีนมีการแสดงออกระดับหนึ่ง ในสภาวะขาดสารอาหารยีนมีระดับการแสดงออกลดลงแต่ไม่มาก  

ในสภาวะขาดแคลนธาตุเหล็ก พบว่ามีการแสดงออกน้อยกว่าสภาวะปกติมาก  ขณะสภาวะขาดแคลนออกซิเจน

มีการแสดงออกมากว่าสภาวะปกติ ผลการทดลองนี้บ่งช้ีว่ายีนน้ีน่าจะเก่ียวข้องกับการปรับตัวและการด�ำรงชีวิต

ในสภาวะกดดัน
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1. Introduction
	 Mycobacterium tuberculosis (Mtb) is 

a significant infectious agent of the human 

population and causative agent of tuber-

culosis. It is thought to infect one third of 

the world’s population. Thailand ranks 18th 

in the list of 22 high TB burden countries.  

The prevalence and incidence of TB was  

estimated at 192 and 62 per 100,000 population, 

respectively, [1]. Most of the infected people 

are asymptomatic and latent infection.  

A Group of genes involve survival and  

adaptation during growth in latent infection 

has been studied. The complete genome  

sequence of M. tuberculosis H37Rv has been 

determined and analyzed [2, 3]. Several 

genes were characterized and indicated as  

the potential candidates of drug targets  

leading to the more effective treatment and 

control of this organism [4]. The virulence  

related genes were analyzed for their  

functions, e.g. the carboxyl esterase Rv3487c 

play a role in resisting of  acid stress  

during infection [5], genes involve in  persistent 

infection in macrophage resulting in latent 

infection of M. tuberculosis [6-9], iron  

regulated genes, Fur-like proteins (FurA and 

FurB) and DtxR family (IdeR and SirR) [2]. 

	 RV2787 and RV2788 gene of Mtb was 

1764 bp and 687 bp, respectively. They were 
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found to be co-transcribed as an operon (data 

not shown). The RV2787 encoded protein 

was predicted by bioinformatics analysis as 

an ATPase enzyme to bind and hydrolyze  

ATP whereas the RV2788 encoded protein was 

predicted as an iron-responsive transcrip-

tional regulator. This operon was hypothesized 

to involve in adaptation during the growth in 

low-iron or under stress condition, such as 

in phagosome of macrophage or granuloma in 

infected pulmonary tissue. This study aimed 

to gain further insight into phylogenetic 

characteristic of RV2787 and its transcription 

activity under given stress conditions.

2. Material and Methodology
	 2.1 	Phylogenetics analysis

		  Homologous proteins of RV2787 

were searched and retrieved by using  

Basic Local Alignment Search Tool (BLAST) 

[10]. ClustalW was used to perform multiple 

alignments of the proteins sequences and 

constructed phylogram by neighbor-joining 

method [11]. Phylogenetic analysis of the 

amino acid sequence of the Rv2787 protein 

was performed by using tools and integrated 

database at Tuberculosis Database (TBDB) 

homepage (http://www.tbdb.org/) [12]. 

	 2.2	Bacterial strains, media and 

growth conditions

		  Mtb H37Rv was grown in Middlebrook 

7H9 liquid medium (BBL) supplemented 

with 0.2% glycerol, 0.05% Tween 80 and 10% 

albumin-dextrose-sodium chloride complex 

(ADC supplement; Sigma) (cM7H9). An 

inoculum was prepared by culturing the  

Mtb in M7H9 medium until OD reach 0.1. 

The inoculum was aliquot to 10 ml per tube.  

An oxygen-depleted condition was obtained 

by culturing Mtb H37Rv in 20 ml cM7H9 at 

OD of 0.05 at start point. The tube was tightly 

closed by screw-cab and sealed with paraf-

fin. It was incubated at 37 ํC and shaking at  

200 rpm for 7 days. A methylene blue was used 

as oxygen level indicator. In M. tuberculosis 

was also grown in cM7H9 supplemented with 

120 µM 2,2’-Bipyridyl (Sigma-Aldrich), 

an iron chelator, to obtain low iron growth  

medium. High iron growth medium was  

obtained by addition of 200 µM FeCl
3
 to the 

low iron growth medium.

	 2.3	RNA isolation

		  The cultured Mtb from various  

conditions were cooled down to 4 ํC. The cells 

were harvested  from the culture medium by 

centrifugation at 5,000 g for 10 min. RNA was 

isolated from the cell pellets by throughly 

mixing with 1 ml of Trizol RNA isolation  

(Invitrogen) reagents and sonicating for  

45 sec. to disrupt the bacterial cell wall.  

The lysate was mixed with 200 µl chloroform, 

vigorously shaked for 10 sec and kept at  

room temperature for 2 min and then  

centrifuged at 12,000 g for 30 min at 4 °C to 

separate the cell debris from the supernatant. 

The upper aqueous phase containing the 

total RNA was carefully collected into the 

new microcentrifuge tube and was mixed 

with 500 µl isopropanol. The mixture was 

kept  at room temperature for 10 min. and 

centrifuged at 12,500 g for 15 min at 4 °C.   

After centrifugation,  the RNA pellet was  

collected, washed once with 75% (v/v) 
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ethanol, and then resuspended with 50 µl 

RNase-free water. The RNA concentration 

was measured at 260 nm (OD260) by  

spectrophotometer. The integrity of RNA  

was determined by electrophoresis in 2% 

agarose gel and visualization the ethidium 

bromide stained-gel under UV transillumi-

nation. .

	

	 2.4	Reverse transcriptase polymerase 

chain reaction (RT-PCR)

		  RT-PCR was performed using  

SuperScrip III one step RT-PCR (Invitrogen). 

RT-PCR.  The amplification was done with 

Gene Amp PCR System 2400 (Perkin- 

Elmer). Forward and reverse primer  

sequences were 5’-CTAGGCGCCCGCG-

CATACCGAA CGATTGG-3’ and 5’-GCCG-

GTACCCGGGTTTCGCT GTACAGTGC-3’, 

respectively. The cycle profile was performed 

as follows: 1 cycle at 60ํC for 15 min to  

synthesize cDNA,  1 cycle at 95ํC for 5 min,   

35 cycles at 95 ํC for 45 sec, 53 ํC for 1 min,  

and 72 ํC for 1 min. After the last cycle,  

elongation was performed at 72 ํC for 7 min. 

The PCR products were subjected to 2%  

agarose gel electrophoresis, and visualized  

under UV transilluminator after staining  

gel with ethidium bromide.  

3. Results and Discussion
	 3.1 	Phylogenetic analysis

		  Similarity of amino acid sequence 

of RV2787 protein was retrieved by using  

protein-protein BLAST. Twelve RV2787  

proteins from different microorganisms  

which show similarity greater than 50 % were 

selected to perform phylogenetic analysis. 

Only three species of Mycobacteria contained 

RV2787 homologue gene, i.e., M. bovis,  

M. canetti, and M. leprae (Fig. 1 and 2).  

M. canettii is a member of M. tuberculosis 

complex. It was reported as the causative 

agent of lymphadenitis in human. A high  

relationship was found among the three 

members of M. tuberculosis complex.  

M. leprae shared common ancestor with 

the members of M. tuberculosis complex.  

A group of nontuberculous mycobacteria 

showed a long- distance relationship including  

M. parascrofuraceum, M. spp. MCS-KMS 

strain and M. tusciae. Other genus containing 

a RV2787 homologue with longer distance  

relationship are Corynebacterium amycolatum, 

Rhodococcus apacus and Nocardia brasil-

liensis.

		  Phylogenetic analysis revealed that 

RV2787 closely related genes were found in 

M. bovis and M. canettii with 99 % identities. 

Its homologue gene in M. leprae was found to 

be longer relationship with 76 % identities. 

Whereas other related genes found in  

non-pathogenic organisms showed less than 

50 % identities.

	 This result suggested that function of 

RV2787 should be specific and distinctive  

for pathogenic related processes or its  

lifestyles.

	 3.2  Transcriptional expression

		  The expression of RV2787 gene in 

oxygen-, nutrient- and iron-depleted growth 

condition was determined by RT-PCR (Fig. 2). 

The gene was expressed to a certain extent  

under normal growth condition in cM7H9 
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medium and slightly decreased in nutrient-

depleted growth condition in phosphate buffer 

saline (PBS).

	 Low iron medium was achieved by  

addition of 120 µM 2,2’-Bipyridyl which is 

an iron-chelating substance. The expression 

during growth in low iron medium was  

found at a certain level which was lower than 

those of normal growth condition (51%).  

The result indicated that the expression of  

this gene was down-regulated in iron-deplet-

ed condition. This was confirmed by addition 

of 200 µM FeCl
3
 into the low iron medium, 

recovery of the expression level of RV2787 

was found (94%). The result contradicts with 

a previous study of transcriptomic analysis 

by microarray. The average expression level 

of The RV2787 gene interpreted from six 

repeated dots of microarray indicated that 

the gene was induced in low iron growth 

condition [13]. In oxygen-depleted condition, 

the expression showed higher than those of 

normal growth condition (120%). From this 

study, the result indicated that the RV2787 

gene was expressed in either oxygen- or 

iron- dependent manner. Another previous 

study found an up-regulation of the gene in  

non-replicating growth condition [14].  

This could be concluded that the gene  

might involve in adaptation and survival in 

stress conditions.
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                               10         20         30         40         50         60         70         80         90        100        110 
                      ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
M.tuberculosis H37Rv  -----MSTFR ECRSMFDAAV KSYQSGDLAN ARAAFGRLTV ENPDMSDGWL GLLACGDHHL DTLAGAHQHS EALYSETRRV GLTDGELSAV VMAPMYLGLR VWSRATIGLA   
M.bovis BCG str. Pas  -----MSTFR ECRSMFDAAV KSYQSGDLAN ARAAFGRLTV ENPDMSDGWL GLLACGDHHL DTLAGAHQHS EALYSETRRV GLPDGELSAV VMAPMYLGLR VWSRATIGLA   
M.canettii CIPT 1400  -----MSTFR ECRSMFDAAV KSYQSGDLAN ARAAFGRLTV ENPDMSDGWL GLLACGDHHL DTLAGAHQHS EALYSETRRV GLTDGELSAV VMAPMYLGLR VWSRATIGLA   
M.leprae TN]          -----MTTFR ERRTMFDAAV ASYQSGDKTS AGAAFARLTV ENPDMSDSWL GRLACGDHNL DTLAGAHQHS EVLYSETRRV GLKDGDLRAE IAAPMYLTLT TWSRATIGLA   
M.parascrofulaceum A  ---MTTTSPT EQRRAFDAAI NRFLAGDPAA ARQAFTEITY QNPAMTDAWL GRLACGDHSL DTLAGAYRNS RALYRETRRI GQQDGALQAA VPAPLYLQLQ VWSRGTIALA   
Mycobacterium sp. MC  ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------   
Mycobacterium sp. KM  MSTPSNFFSS G-EEPGDEQQ PGDDGGRTTP V-PQEGQRHA APDP-AASGP LHRPASGSPT PTWGTAPAPT ---------G PAGPQPAGPS GPQ---QAGS APQVASPWPA   
M.tusciae JS617]      MSTPPDFFAS NNDDPRPEQH SDAPEERTAE VRQQEGEHRR APSPTTDTGS QPRPVLPPPP ADWGHQAAPS GFSPADDRWG TPAPTPAPSE EARRTSQPGA APQPDRFPSQ   
Corynebacterium amyc  ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------   
Gordonia araii NBRC   ---------- ---------- ---------- MSDEYTDDAF VNPPWLQGAS SAPASAATQP PQPPMVPLPK QES---PVTP SKSQEEEKPQ AVAPVQQQES TPAADETPKE   
Rhodococcus opacus P  ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------   
Nocardia brasiliensi  ---------- ---------- -------MDT ADATESEKSA EQSPEQTGDV EVPAAEAETP DQPEQDPAQP DFSGSTDQTV SYPQASAPPQ PYGPPEGF-P PPGPAEQYGG   
 
                              120        130        140        150        160        170        180        190        200        210        220 
                      ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
M.tuberculosis H37Rv  YASALIIADR HDEAAATLDD PVITEDTGAA QYRQFVMATL FHKTRSWSNL LKVTEISPPS ---------- ---------- -----GATDV RDEVADAVAA LASTAAASLG   
M.bovis BCG str. Pas  YASALIIADR HDEAAATLDD PVITEDTGAA QYRQFVMATL FHKTRSWSNL LKVTEISPPS ---------- ---------- -----GATDV RDEVADAVAA LASTAAASLG   
M.canettii CIPT 1400  YASALIIADR HDEAAATLDD PVITEDTGAA QYRQFVMATL FHKTRSWSNL LKVTEISPPS ---------- ---------- -----GATDV RDEVADAVAA LASTAAASLG   
M.leprae TN]          YASALINAGR YDEASVALDD PVVTEDDDAA LARQFVMATL FHQTRSWSNV LKVAEVPPQN ---------- ---------- -----SNTDD RNELTDAVAA LASTAASNLG   
M.parascrofulaceum A  FAAVLIGAGE FEQAMTVLND AELAADGQAA TWRQFITATL YHRTRRWPDL CALTDVCPPA T--------- ---------- ------ATYV PNEVVAATHT LRAMALVSLG   
Mycobacterium sp. MC  ---------- ---------- ---------- ---------- ---MPTQGGA P-----QPP- ---------- ---------- -----WRGRR QEQPDERTSI ISADELARAR   
Mycobacterium sp. KM  VSSPQPPPQP PAGPQHAGPP RPPQPSFPPS PGQPAPGPQD SGRVPTQGGA P-----QPP- ---------- ---------- -----WRGRR QEQPDERTSI ISADELARAR   
M.tusciae JS617]      PTPPPPPPPA PSSPPAATTP PPATEHAAEI LGGAWPGPQQ PPSSAPQHAA PEPRHQQPPQ QRWTQQAPPN TPQGAPSAPQ QPNGGYAAPR RQDPSEQTTV LSASDMAALR   
Corynebacterium amyc  ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------   
Gordonia araii NBRC   VSAPAPGQVP PPPAVPP--- ---------- --AMVPQGPP P------QGM PP-------- ---------- ---------- ------QGPP FQQPPMQPGP MPQP------   
Rhodococcus opacus P  ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---MDREDLT RPQP------   
Nocardia brasiliensi  YAPPNAGPFA PPGAYEPYQT GAYQPVAGHS GSHQIAEAPN PGYGEYRQEI GP-------- ---------- ---------- ------DGLV RRVPDQPEAP APQPEPQAAP   
 
                              230        240        250        260        270        280        290        300        310        320        330 
                      ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
M.tuberculosis H37Rv  QFQFALELAE QVSTTNPRVT ADVTLTRAWC LRELGDDDAA RVALSATTTG DAPRTNTTAE QAGSPQPK-F RHPYDDGRDL LVARRRPPAG DGWRKAVTKM TFGRVNPEPS   
M.bovis BCG str. Pas  QFQFALELAE QVSTTNPRVT ADVTLTRAWC LRELGDDDAA RVALSATTTG DAPRTNTTAE QAGSPQPK-F RHPYDDGRDL LVARRRPPAG DGWRKAVTKM TFGRVNPEPS   
M.canettii CIPT 1400  QFQFALELAE QVSTTNPRVT ADVTLTRAWC LRELGDDDAA RVALSATTTG DAPRTNTTAE QAGSPQPK-F RHPYDDGRDL LVARRRPPAG DGWRKAVTKM TFGRVNPEPS   
M.leprae TN]          QFQFALELTE RVSTTNPQVA ADVALNRAWC LRELGDDNAA RAALTAAPVN DIPTTHNTAE PASRPQPTTF RHPYDDGRDL LVARRRPAAG DGWRKFVTKA TLGRVNPEPS   
M.parascrofulaceum A  QAQAALDLID QVSTQNSYIT ADLALTKGWC LRELGEFDAA NEAFRSATID GAVIPQARKA LEQPDYR--- ---------- IVTTDAETIA TRTNKWDPAT ETSRDARAAA   
Mycobacterium sp. MC  DQAIRDGGAG DFFTDSPDPE RSAQQGWPPP PLTGQTSGPQ PPLFGGPMGG GEPFAGASSY SGAAEEPE-- ---------D VIASHRRPAA TGWRKAVSKM TFGLINPGPS   
Mycobacterium sp. KM  DQAIRDGGAG DFFTDSPDPE RSAQQGWPPP PLTGQTSGPQ PPLFGGPMGG GEPFAGASSY SGAAEEPE-- ---------D VIASHRRPAA TGWRKAVSKM TFGLINPGPS   
M.tusciae JS617]      EKAGQDPGVG DFFGPAGADP AAPQQGWPPA PPQATPPAP- PPLFAAALEG GEPFGNGGFV AGQDNSP--- ---------D FEPNRRLVAN RGWRKAVRVM TFGLIKPGPS   
Corynebacterium amyc  ---------- ---------- -----MKSMT STK------- ---HAVNHAV SVSDLAAS-- ---------- ---------- --LNSRPAPQ SGWRSWVHKA TWGAISPRES   
Gordonia araii NBRC   ---------- ---QQMPNGY GIPAPGVPMQ GMP------- --PQNVIHPM HQQHGPGPQY PGG------- ---------L QAPQERKLAQ QGWRKAINAA SGGLIRLGES   
Rhodococcus opacus P  --SWLN---- -DSGGAPVG- --DTAADPWG QQ---SWDG- PGPEPSPHQV TSRDLVAD-- ---------- ---------A LLDRARRAPS RGWRRGLHRL TGGSVNPGES   
Nocardia brasiliensi  IYSWAPPPPP VSHQPPPVYQ QQPPPPQPMG QQPAPSWQGG PNPHQPAQPF QPQHVPAPGQ PGHSVNDL-- ---------N LLKRARRAPR SGWRRAVHKA TGGMLNPGES   
 
                              340        350        360        370        380        390        400        410        420        430        440 
                      ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
M.tuberculosis H37Rv  AKREQTDELI QRICAPLADV HKLAFVSAKG GVGKTTMTVL -----VGNAV ARLRGDRVMA VDVDADLGDL SARFSERGGP QTNIEHFVSS QHTKRYADVR VHTVMNKDRL   
M.bovis BCG str. Pas  AKREQTDELI QRICAPLADV HKLAFVSAKG GVGKTTMTVL -----VGNAV ARLRGDRVMA VDVDADLGDL SARFSERGGP QTNIEHFVSS QHTKRYADVR VHTVMNKDRL   
M.canettii CIPT 1400  AKREQTDELI QRICAPLADV HKLAFVSAKG GVGKTTMTVL -----VGNAV ARLRGDRVMA VDVDADLGDL SARFSERGGP QTNIEHFVSS QHTKRYADVR VHTVMNKDRL   
M.leprae TN]          AKAEQTNELH RRICAPLADV HKVAFVSAKG GVGKTTITVA -----LGNTM ARLRGDRVIA VDVDADLGDL SARFRERGGP QTNIEHFVSA RNAKRYADVR VHTVMNNDRL   
M.parascrofulaceum A  ALASERQEVL NRAQARVDEL IGLEDAKEQI AVWRTEIQIE QLLAEQGDGG ATSNENHMVF LGPPGTAKTT FARVVGEVLF GLGKIARPDV KEVTEEDIVI GYVSQTAAKM   
Mycobacterium sp. MC  AKQLHAEELI RRIRASLVDV YVVAFVNSKG GVGKTTMAVA -----AGNAI ARERGDRVIV VDVDTDLGNL SSRFHESGGP KANIEALASM PSAGSYSNVR VFTVQNDDRL   
Mycobacterium sp. KM  AKQLHAEELI RRIRASLVDV YVVAFVNSKG GVGKTTMAVA -----AGNAI ARERGDRVIV VDVDTDLGNL SSRFHESGGP KANIEALASM PSAGSYSNVR VFTVQNDDRL   
M.tusciae JS617]      AKEQHDDEIL DRIKGQLTGI YTVAFVNSKG GVGKTTMAVA -----AGNAI ARERGDRVIV VDVDTDLGNL SARFEKNGGP KANIQELALL RDARSYSNVK TFTVQNHDRL   
Corynebacterium amyc  SSARRQRELI ERVRQPIYGD YNIAVISVKG GVGKTSTTMC -----LGATL ASLRSDRIVA IDANPDFGTL GARVTAANPA SIRDLLRAP- -DTDKYAQVR AYTSHTPSRL   
Gordonia araii NBRC   KGQQEVNALV GRVRAPISGQ FNLAVLSLKG GVGKTTTTIG -----IGSAF ASLRGDRVIA VDANPDLGTL ASRVPRQTAS TVRTLLHAQ- -RTETYSDVR MHTSQAVSRL   
Rhodococcus opacus P  AGEARDAALL DRIRQPIQGD YRIAFLSLKG GVGKTTTTIG -----LGSTF ASLRGDCVIA VDANPDFGTL AQRVPPQTHS TVRGLIAAES -TIRRYSDVR AHTSQAPSRL   
Nocardia brasiliensi  AADVVYRDLV DRVNQPVRGD YRIAILSLKG GVGKTTTTVG -----LGSTF ASLRGDRVIA IDANPDLGTL AHRVPRQTRS TVRNLLEDQ- -HISRYSDVR AHTSQAPSRL   
 
                              450        460        470        480        490        500        510        520        530        540        550 
                      ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
M.tuberculosis H37Rv  EMLGAQNDPR STYKFGPEDY GAAMQILETH CNVILLDCGT PVNGPLFSNI LNDVTGLVVV ASEDVRGVEG ALVTLDWLGA HGFGRLLQHT VVVLN-AIQK TRSLVDCGAA   
M.bovis BCG str. Pas  EMLGAQNDPR STYKFGPEDY GAAMQILETH CNVILLDCGT PVNGPLFSNI LNDVTGLVVV ASEDVRGVEG ALVTLDWLGA HGFGRLLQHT VVVLN-AIQK TRSLVDCGAA   
M.canettii CIPT 1400  EMLGAQNDPR STYKFGPEDY GAAMQILETH CNVILLDCGT PVNGPLFSNI LNDVTGLVVV ASEDVRGVEG ALVTLDWLGA HGFGRLLQHT VVVLN-AIQK TRSFVDCGAA   
M.leprae TN]          EMLGAQNDPR STYRLGPDDY ETAMKILENH CNVILLDCGT PVNGPLFNKI VSTVTGLVVV ASDDVRGVEG ALATLDWLDA HGYARLLQHT VVVLN-AIQK TKPFVDFGIV   
M.parascrofulaceum A  KEVCEEARG- -GVLFIDEAY RLVPKTEGHS FGMDAINTLL KYMEDYRDEL VVIVAGYPKE MRDFLKANAG LAGRFHFT-- LTFNSYTPDE IVAIGRHLAG KERLAVDDDA   
Mycobacterium sp. MC  EMLSSQNDPR SSYRLNSQDF DSAMQILGTH YNVIILDCGT SITSPLFPAI AKHVNCLVVV ASQDPPGLNG AWRTLTWLQA HGWSRLLPRT VVALN-RTAS HKPKVDMKDV   
Mycobacterium sp. KM  EMLSSQNDPR SSYRLNSQDF DSAMQILGTH YNVIILDCGT SITSPLFPAI AKHVNCLVVV ASQDPPGLNG AWRTLTWLQA HGWSRLLPRT VVALN-RTAS HKPKVDMKDV   
M.tusciae JS617]      EMLASQNDPR SSYRLNSQDF EKVMDILRLH YNIIILDCGT SITSSLFPTI AKQVDCLVVV SSNDAPGLNG AMRTLAWLQS HSFGRLIPRT VVTLN-ANSG DTPAIDMKAA   
Corynebacterium amyc  EVVGSDQNPT STIALSDGEY CAALDILRRH YNVSLTDCGT GLTQPISASI LSAANCLVLV TTPALDGVKS AWTTLDWLSA HGFERLVSTT VVVVN-ELNK QG--LSTETV   
Gordonia araii NBRC   EVLASERDPV ISESFSEDEY RKVIAILERH YNIILTDCGT GLMHSAMGGV LDIADSLIII SSPAVDGAES ATATLDWLSL HGYENLVRQA VVVIS-ASKP GSALIDLDML   
Rhodococcus opacus P  EVLASEQDPA ISEAFSEDDY RRVIDILQVY YNIILTDCGT GIMHSAMNGV LQLANSLVLV SSPAIDGARS AAATLDWLQH HGYGHLVSRT VVVIS-AARP GSSTIDMTEL   
Nocardia brasiliensi  EVLASEQDPA VSEAFSEADY RKAIGILQSF YNIILTDCGT GLMHSAMAGV LDMASSLVLV TSPAIDGARS ASATLDWLDH HGYGKLVERT VVVVN-ASRR GASTVDLDQL   
 
                              560        570        580        590        600        610        620        630        640        
                      ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|.... 
M.tuberculosis H37Rv  ENQFRKRVPD FFRIPYDPHL ATGLAVDFSS LKRRTRNAVL DLAGGLAQHY PASR------ ---------- -----VRPRG EDSWKTWIET MRQVG----  
M.bovis BCG str. Pas  ENQFRKRVPD FFRIPYDPHL ATGLAVDFSS LKRRTRNAVL DLAGGLAQHY PASR------ ---------- -----VRPRG EDSWKTWIET MRQVG----  
M.canettii CIPT 1400  ENQFRKRVPD FFRIPYDPHL ATGLAVDFSS LKRRTRNAVL DLAGGLAQHY PASR------ ---------- -----VRPRG EDSWKTWIET MRQVG----  
M.leprae TN]          ENQFRKRVPD FYPMPYDPHL ATGLAVEYTS LKRKTRKALK ELVGGVAQYY PVIR------ ---------- -----AQQRD EDGLGTWIET IRQVEMTSR  
M.parascrofulaceum A  WEMLRAEATH LRSLPYESGT MLDVAGNGRY ARKVSVACRR ERARRLHRLA PNPQD----- ----LDRLVR ADPSALKVSV DDMQRALAEA RPATG----  
Mycobacterium sp. MC  SAKFREQISE VVEIPFDNHL DEGGAVDFAT MHKKTQKAVM ELAGSIAQYY PARQ------ ---------- -----PQQRP EDMGRY---- ---------  
Mycobacterium sp. KM  SAKFREQISE VVEIPFDNHL DEGGAVDFAT MHKKTQKAVM ELAGSIAQYY PARQ------ ---------- -----PQQRP EDMGRY---- ---------  
M.tusciae JS617]      EGTFREQIQE VVRVPYDRHL HEGGFIEFLR MGKTTRKAVM ELAGSIALFF PTRE------ ---------- -----SRHRP EELGSY---- ---------  
Corynebacterium amyc  HELFAQRCRA VQVIPYDPHI ANGANIELDN LQPATTQSYL ELAAMIADDF APTT------ ---------- -----GRHSF V--------- ---------  
Gordonia araii NBRC   TQHFLGRVRA VQIIPYDEHL AVGSHVDLDS LHRKTRTAFL ELAATVADSF GQPAGAWGPM GPPMMPQSGY GMPVVPEQQM PPGPPAGAE- ---------  
Rhodococcus opacus P  INHFLLRCRA VKVVPFDEHL AEGSVVDLDL LRPATRKAFV ELAAMVADDF PESA------ ---------- -----GRHAV AEWR------ ---------  
Nocardia brasiliensi  RKLFLDRTRA VQVVPFDDHL AEGAEIDLEL VSKPTRRALL ELAAMVADDF GYVG------ ---------- -----AQQYH HPGPMGH--- ---------  
 

Figure 1  Multiple alignment of amino acid sequences of  Rv2787 and its homologue proteins determined by using 
ClustalW. Amino acids highlighted in black are conserved in at least five proteins. 
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Figure 2   Phylogram based on an alignment of the amino acid sequences of M. tuberculosis Rv2787 and its homologue 

proteins. Multiple alignment was conducted by ClustalW and the phylogram was constructed  by the neighbor-
joining method. It was derived from 12 proteins of various strains which showed similarity score greater than 
50 % (BlastP; NCBI). M. bovis BCG str. Pasteur 1173P2 was representative strain of M. bovis. The length of 
the branch is proportional to the amount of amino acid differences between the sequences. 

 

 
 

Figure 3  A : Gel electrophoresis of PCR product obtained 
from RT-PCR used for detection of Rv2787 
expression in O2 depletion, nutrient starvation and 
in iron depletion condition; upper panel show 
integrity of Rv2787 expression as follow; Lane 1: 
in cM7H9 [normal growth], Lane 2 : in PBS  
[nutrient starvation condition], Lane 3 : 2,2'-
Bipyridyl treated cM7H9 [iron depletion 
condition], Lane 4 : 200 µM added FeCl3 in iron 
chelating cM7H9, Lane 5 : in cM7H9 with 
oxygen- depletion; lower panel: Agarose gel 
profile of the levels and integrity of corresponding 
16S rRNA samples. B : The relative expression 
level of Rv2787 in various growth conditions: The 
numbers of the growth conditions are represent as 
same as figure 3A.    
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cM7H9 [normal growth], Lane 2 : in PBS  [nutrient starvation condition], Lane 3 

: 2,2’-Bipyridyl treated cM7H9 [iron depletion condition], Lane 4 : 200 µM added 
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samples. B : The relative expression level of Rv2787 in various growth conditions: 

The numbers of the growth conditions are represent as same as figure 3A.   
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