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Phylogenetic Analysis and Transcriptional Expression Study of
RVZ2787 Gene in Mycobacterium tuberculosis
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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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1. Introduction determined and analyzed [2, 3]. Several

Mycobacterium tuberculosis (Mtb) is genes were characterized and indicated as

a significant infectious agent of the human  the potential candidates of drug targets

population and causative agent of tuber- leading to the more effective treatment and

culosis. It is thought to infect one third of  control of this organism [4]. The virulence

the world’s population. Thailand ranks 18" related genes were analyzed for their

in the list of 22 high TB burden countries. functions, e.g. the carboxyl esterase Rv3487c

The prevalence and incidence of TB was Play a role in resisting of acid stress

estimated at 192 and 62 per 100,000 population, during infection [5], genes involve in persistent

respectively, [1]. Most of the infected people infection in macrophage resulting in latent

are asymptomatic and latent infection. 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

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 ~ 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.
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The inoculum was aliquot to 10 ml per tube.
An oxygen-depleted condition was obtained
by culturing Mth 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 uM 2,2’-Bipyridyl (Sigma-Aldrich),
an iron chelator, to obtain low iron growth
medium. High iron growth medium was
obtained by addition of 200 uM FeCl 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 ul 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 pl isopropanol. The mixture was
kept at room temperature for 10 min. and
centrifuged at 12,500 g for 15 min at 4 °C.
the RNA pellet was

collected, washed once with 75% (v/v)

After centrifugation,
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ethanol, and then resuspended with 50 pl
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 60C for 15 min to
synthesize cDNA, 1 cycle at 95C 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 uM 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 uM FeCl 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
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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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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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NP_301610.11 M. /eprae TN
YP_978891.11 M. bovis BCG str, Pasteur 1173P2
YP_004746241.11 M. canetti CIPT 140010059

CAA15582.11 M. tuberculosis H37Rv

ZP_06847969.11 M. parascrofulaceumATCC BAA-614

YP_642721.1| Mycobacteriumsp. MCS
L YP_935957.1| Mycobacteriumsp. KMS
ZP_09683254.1 | M. tusciae 15617

ZP_03393641.1 | CorynebacteriumamycolatumSK46

ZP_09211140.1 | Gordenia araifNBRC 100433

EHI46760 | Rhodococcus opacus PDE30

ZP_09839887.1 | Nocardia brasiliensis ATCC 700358

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.
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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 uM 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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