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Abstract 

The pathogenesis of Mycobacterium leprae is largely due to its ability to enter 

and survive within human macrophages. Mammalian cell entry (mce) operons, 

implicated in the entry of mycobacteria into host cells, are important for the 

pathogenesis of M. leprae. Our earlier reports using RT-PCR demonstrated 

that mce1 operon of M. leprae was expressed as a polycistronic mRNA. These 

studies were carried out using biopsy samples from lepromatous leprosy 

patients. To obtain an insight into the regulation of mce1 operon of M. leprae 

across the leprosy spectrum, the expression of the mRNA of mce1 genes were 

analysed by real-time PCR using biopsies from TT to LL cases.  Results 

indicate that even though the mce1 is organized as an operon, differential 

expression of the individual genes could be observed across the leprosy 

spectrum. Very low level of expression of mce1A was observed in all the 

samples across the spectrum, except in TT cases. In contrast, mce1C was  

up-regulated in BL and LL cases and mce1D was down regulated in polar 

lepromatous cases. Homology analysis using multiple alignments indicates 

highly conserved proline rich peptides in the C terminal region of Mce1C 

protein of pathogenic actinomycetes, however, these regions are absent in  

non-pathogenic species. This suggests that more than the presence or absence 

of the operon, the sequence specificity and differential expression may 

contribute to the virulence of the pathogen.  
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INTRODUCTION 

In prokaryotes, functionally related genes are grouped into polycistronic operons that 

direct the synthesis of multiple translation products [23]. This organization facilitates 

the coordinated expression and regulation of functionally related genes, which enables 

bacteria to adapt quickly to the diverse conditions encountered during infection. 

Several operons were reported to be essential for the entry and survival of 

mycobacterium [10, 26] inside the host cell. Arruda et al [3] have reported one such 

operon from M. tuberculosis, which when expressed in E. coli, allows the 

recombinant bacteria to invade HeLa cells, whereas E. coli under normal conditions 

cannot invade HeLa cells. This operon was named as mammalian cell entry operon 

(mce). Analysis of complete genome of M. leprae indicated the presence of a single 

functional mce1 locus and there were also pseudogenes for mce1A and mce4A located 

at distinct regions of the genome [9]. Subsequent analysis showed the presence of this 

operon in other mycobacteria as well as in many other actinomycetes [6, 13]. The 

organization of mce operon was similar in all the cases examined so far. In each case, 

mce locus is preceded by genes yrbE1A and yrbE1B, encoding two integral membrane 

proteins. The predicted start codon of each of the six mce gene (mce1A to mce1F) 

products either overlaps with the upstream gene or is preceded by a gap, suggesting 

that their expression is coupled both transcriptionally and translationally.  

Understanding the organization of operons in a bacterial genome provides insights 

into both gene function and regulation. Reports of mce operon in M. leprae are limited 

[29, 36]  and there were no reports showing the role of mce1 operon in virulence and 

pathogenesis of M. leprae. Earlier studies from our laboratory showed that mce 

operon was expressed as a polycistronic mRNA in lepromatous biopsy samples and 

the mce1 operon of M. leprae was expressed in M. Smegmatis [29]. In this study we 

have analysed the expression of mce1 operon across the leprosy spectrum, in order to 

examine the regulation of expression of mce1 genes. 

 

MATERIALS AND METHODS 

Patients and samples 

Leprosy patients were classified according to Ridley and Jopling [27]. Patients were 

selected after careful medical examination. Punch biopsies from patients were 

collected after obtaining the informed consent, as per the norms laid down by the 

institutional ethical committee and Indian Council of Medical Research. This study 

includes thirty patients across the leprosy spectrum: tuberculoid or TT (n=5), 

borderline tuberculoid or BT (n=5), borderline lepromatous or BL (n=5), lepromatous 

leprosy or LL (n=5), type I reaction or RR (n=5) and type II reaction or ENL (n=5). 

The bacterial load in each biopsy sample was determined by acid fast staining and 

expressed on a logarithmic scale as Bacterial Index.  

Extraction of RNA and preparation of cDNA 

Total RNA from FFPE tissue biopsies was extracted as described earlier [30]. In brief, 

sections were deparaffinated in xylene and samples were incubated in digestion buffer 
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(10 mM Tris HCl, 25 mM EDTA, 100 mM NaCl, 0.5% SDS, Proteinase K at a final 

concentration of 300 g/mL), for 24 hrs at 52 oC followed by Trizol extraction. 

Concentration of RNA was determined using a Spectrophotometer. RNA was treated 

with DNAse as per manufacturer’s instruction (Promega, Madison, USA). Total RNA 

(3g) was reverse transcribed in a final volume of 50 L using conventional 

programmable thermal cycler (M.J. Research Inc, USA). The reaction mix containing 

RNA, 1g oligo dT15 and 1g random hexamers (Promega, Madison, USA) were 

incubated at 70 oC for 10 min and chilled on ice. Master mix containing 10L MML-

V reaction buffer (5X), 2.5 L dNTP mix (10 mM each), 2L ribonuclease inhibitor 

(20 U/L), 200U MML-V reverse transcriptase (Amersham Pharmacia Biotech, 

USA.) were added and incubated at 37 oC for one hour. The enzyme was heat-

inactivated at 92 oC for 2 min and cDNA was stored at  –20 oC. Assay without MML-

V reverse transcriptase was included as a negative control for each sample analyzed 

(RT-minus control).   

 

Conventional PCR  

PCR amplification of the template DNA and RNA was carried out using thermal 

cycler PTC 200 (M.J.Research, Inc, USA.). Cycling parameters were: Initial 

denaturation at 94 oC for three min, denaturation at 94 oC for one min, annealing at 55 
oC for one min, extension at 72 oC for one min for 36 cycles followed by a final 

extension for seven min. PCR was performed in a 25 L reaction mix containing 5 L 

of cDNA, 1.25 units of Taq Polymerase (Fermentas Int. Inc, USA), 2 L of MgCl2 

(final concentration 1mM) and 2L of dNTPs (final concentration 100 nM). PCR 

products were separated in an agarose gel and visualized by ethidium bromide 

staining. 

 

Real-time PCR analysis 

Real-time PCR analysis was performed using SYBR Green chemistry in ABI prism 

7000-sequence detection system (PE Applied Biosystem, Foster City, USA). All the 

primers were designed using Primer Express Software (PE Applied Biosystem, Foster 

City, USA) and the primers were purchased from Microsynth (Microsynth, Balgach, 

Switzerland). Oligonucleotide sequences of the primers used for real-time PCR assays 

were shown in Table.1. Two-step SYBR Green assays were performed in a reaction 

volume of 25 L using SYBR Green master mix (Euro genetic, Germany). Primer 

concentrations were optimized using 50 nM to 900 nM and the optimum 

concentration was used in all experiments. Real–time PCR analysis was performed 

using the following optimum assay conditions; 10 min at 94 oC followed by 15sec at 

94 oC and one min at 60 oC of 40 cycles. Amplifications were performed in duplicate 

or in triplicate wells. For each samples analyzed RT-minus controls and non-template 

controls were included. Melting curve analysis (Applied Biosystem software) was 

performed after each run to confirm the specificity of the primers used.  
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Expression profiling of mce operon across the leprosy spectrum was performed by 

relative quantification method [24]. Five samples were collected from each spectrum 

of leprosy. Each sample was analyzed in duplicates or in triplicates using the primers 

specified in Table. 1. Ct values in each sample were averaged and Ct values were 

calculated by using 16SrRNA as endogenous control. In order to compare the 

expression of mce operon genes in each case of leprosy, mce1A was used as 

calibrator, which showed lowest expression compared to other genes in the cluster. 

Fold change expression was calculated by using the formula 2 -Ct. Standard 

deviation in each case was also calculated.  

 

Table.1. Details of the real- time PCR primers used in the analysis  

of the mce operon of  M. leprae. 

Primer sequence-5’-3’ Gene Length of 

primer 

Amplicon 

(bp) 

RM1aF:ACGGTCTTCGGCGGTAAGTA 

 

RM1aR:TCCGCGATCAAGGTTATGGT 

mce1A 20bp 

 

20bp 

143bp 

RM1bF:ACGACATCCTCGACCAAACC 

RM1bR:GTTGACGGTCTGGTCGAATTC 

mce1B 20bp 

21bp 

140bp 

RM1cF:GCACAAGTGGACCGATTGTTG 

RM1cR:TTGAGGTTCGGGTTGTCGTT 

mce1C 21bp 

20bp 

146bp 

RM1dF:TCAGCAGTTTGTTGCCTTGAA 

RM1dR:GTACCTCGCGGTTCTTAACGA 

mce1D 21bp 

21bp 

146bp 

RM1eF:CAGGCCGTCGATCAGTACTTG 

RM1eR:TACGGCTGGGTCAGGATCA 

mce1E 21bp 

19bp 

140bp 

RM1fF:CGTTGCCGAAGGAAAAGATC 

RM1fR:TCGTTGACGTCGGTGATGTT 

mce1F 20bp 

20bp 

142bp 

R16SF:CGAGCGTTGTCCGGAATT 

R16SR:TCCACCGCTACACCAGGAA 

 

16SrRNA 

18bp 

19bp 

151bp 

 

RESULTS 

Organization and expression of mce operon in leprosy cases 

RNA was extracted from paraffin embedded biopsies as described under materials 

and methods. Our earlier reports showed that mce locus was organized as an operon in 

M. leprae and the messengers were co-expressed in infected human tissue [29]. Gene 

specific primers were used for amplifying the mRNA corresponding to each gene of 

mce1 operon. Real-time PCR analyses were performed to calculate the relative 

expression of the transcripts across the leprosy spectrum.  
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Fig. 1. Organization of mce operon of M. leprae in leprosy biopsy samples. RT-

PCR analysis was carried out, using mRNA of leprosy patients across the spectrum, 

as described earlier (Santhosh et al., 2005). Representative samples from each leprosy 

cases were shown. Lanes are marked with names of the primer sets used for 

amplification. J1 to J7 represent intergenic primers and g1 to g6 represent internal 

primers of mce operon, M - Molecular weight marker.  

 

Fig. 2. Expression profiling of mce operon in leprosy cases using real-time PCR. 
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Relative expression level of mce operon in each case of leprosy was quantified using 

mce1A as calibrator sample. Details are described under materials and methods. 

Fig.2.a-LL, Fig.2b- BL, Fig.2.c-BT, Fig.2.d-TT, Fig.2.e-RR, Fig.2.f- ENL. Error bars 

represent standard deviation. 

 

Fig.3. Multiple sequence alignment of the Mce1C sequences from four 

actinomycetales using ClustalW programme  

Nocardia farcinica (Accession number YP 116748.1), Streptomyces coelicolor 

(Accession number NP 626662.1), Mycobacterium tuberculosis (Accession number 

NP 214685.1), Mycobacterium leprae (Accession number NP 302658.1). The 

conserved proline rich regions in M. tuberculosis and M. leprae are marked in boxes. 
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Results indicate that the mce1C and the mce1E mRNA showed higher level of 

expression in lepromatous leprosy cases when compared to other genes in the cluster 

(Fig. 2a). Inter-genic transcripts could be detected in LL as well as BL cases, except 

the inter-genic region spanning yrbE1B/mce1A (Fig.1a) loci. In contrast to the LL 

case, mce1C and mce1E transcripts showed similar level of expression in BL (Fig. 2b) 

when compared to other genes. The level of expression of mce1D (3.73 fold) was 

significantly high in BL cases. However, in BT cases, most of the gene transcripts 

were down regulated. Inter-genic transcripts of mce1B/C and mce1D/E could not be 

detected in 80% of the BT samples analyzed (Fig. 1b.) Real-time PCR analysis 

showed that, mce1D mRNA expression was higher than that of other genes in the 

cluster including in the BT(Fig. 2c). This increase in mce1D mRNA, when compared 

to LL and BL cases, indicates a selective up regulation of mce1D mRNA in BT cases. 

The significance of this increased expression at such an early stage of leprosy has not 

been shown earlier. The expression of mce1C mRNA was lower than that of mce1B 

and mce1E, which suggests either the occurrence of differential processing of mRNA 

of each of these genes or the presence of additional promoters with different strength. 

A prominent baseline expression of mce1F mRNA could be detected in BT cases. At 

the tuberculoid end of the spectrum, amplicons corresponding to the intergenic 

regions of mce1C/ mce1D, mce1D/ mce1E and mce1E/ mce1F could not be detected 

in all the samples analyzed (Fig.1c). However, real-time PCR analysis shows a 

significant higher level of expression of mce1E and mce1D mRNA (Fig.2.d). 

Interestingly, the expression levels of mce1B, mce1C and mce1F mRNA were lower 

than that of mce1A mRNA in tuberculoid cases.  

 

Organization and expression of mce operon in reactions 

A number of patients undergo intermittent, acute, immunologically mediated 

inflammatory events called reactions. Borderline leprosy patients often undergo acute 

changes in immune reactivity that manifest as reversal reaction (RR) during the course 

of the disease [12, 20]. RR is associated with an exacerbated local delayed-type 

cellular immune response to M. leprae and is responsible for severe tissue damage. 

Some of the BL and LL patients develop a type 2 reaction called ENL, a painful, 

immune mediated inflammatory condition, which is thought to arise from deposition 

of immune complexes in target organs and skin [25].  RT-PCR analysis could detect 

the presence of intergenic transcripts in all the samples except for the region of 

yrbE1B/mce1A in RR (Fig.1d) and ENL cases (Fig.1e). Higher level of expression of 

mce1C mRNA (2.99 fold) could be detected in RR cases (Fig.2e). At the same time, 

mce1B (1.62) and mce1D (1.84) showed similar level of expression. However, mce1E 

expression was lesser than that of mce1C. mce1F showed only base line expression. 

In contrast to RR, ENL, showed higher level of expression of mce1F (1.66 fold) 

which was higher than that of mce1D (1.2) and mce1E (1.3) (Fig.2f). 
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Homology analysis of the Mce proteins of pathogenic and nonpathogenic 

actinomycetales. 

An earlier report indicated that mce operon was present in a wide variety of 

actinomycetales and was predicted to act as ABC importers [6]. However, in 

pathogenic mycobacteria, the product of this operon was reported to help in the 

virulence and pathogenesis of the bacilli [11, 32,]. In order to examine the role of this 

operon in pathogenesis, Mce operon of four bacterial species were compared; M. 

tuberculosis and M. leprae which are human pathogens, N. farcinica,  a gram positive, 

partially acid fast, filamentous bacillus, which is an opportunistic pathogen and S. 

coelicolar, a nonpathogenic saprophytic actinomycete. Results indicate that C-

terminal region is highly variable compared to the N terminal region (data not shown). 

Interestingly, highly conserved proline rich regions could be observed in the C 

terminal end of Mce1C protein of pathogenic bacteria. However, this region was 

absent in nonpathogenic actinomycetales (Fig.3.). Several proline rich peptides, which 

are interacting with SH3 binding domains, were reported earlier. These peptide SH3 

ligands were identified in phage display libraries [22, 33]. This indicates that this 

region may have an important role in the virulence of the pathogen.  

 

DISCUSSION 

Surface exposed membrane components of bacteria have a role in the virulence and 

pathogenesis, as these are the earliest proteins to interact with the host cell [5, 35]. 

Proteins encoded by the mammalian cell entry operon of mycobacteria is localized on 

the cell membrane of M. tuberculosis [32, 31] and helps in the adherence and 

internalization of bacteria [19, Rodriguez et al. 2015 ]. Our earlier experiments 

demonstrated that mce operon was expressed as a polycistronic mRNA in LL patients 

and in Armadillo derived M. leprae [29]. This study was carried out to analyse the 

expression pattern of the constituent genes of mce operon across the leprosy spectrum. 

RT-PCR analysis indicates significant quantitative changes in the level of transcripts 

carrying the intergenic segments. This observation suggests a differential regulation 

of the genes of the mce operon across the leprosy spectrum. Analysis of mce operon 

using real-time PCR shows the presence of mce1 transcripts across the leprosy 

spectrum. mce1C transcript was up regulated as the spectrum moves towards the polar 

lepromatous condition. Comparison of the mce operon indicates that, highly 

conserved proline rich regions are present in the C- terminal region of Mce1C protein 

of pathogenic species. Many surface proteins in pathogenic bacteria are shown to 

have proline rich peptide regions, exposed to bacterial surface. In these cases the 

proline rich region is located in the C terminal, wall proximal half of the protein, 

which helps the protein to interact with the host protein and other surface proteins [2]. 

Reports show that the C terminal regions of proteins contribute to virulence of the 

pathogen [8]. Proline rich peptides play an important role in many protein–protein 

interactions, such as signalling events involving SH3 domains in eukaryotes [17, 37] . 

Highest level of expression of mce1C in lepromatous leprosy cases and the presence 

of proline rich regions imply that mce1C may be an active virulent gene in mce 

https://www.tandfonline.com/doi/full/10.1080/01652176.2019.1641764
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person, which would facilitate the establishment of infection. Phosphorylation is a 

common mechanism for the regulation of protein function. These proline rich sites of 

the pathogen are likely to form substrates of host kinases, thereby mimicking the host 

signalling pathway and subverting the metabolism, in order to alter the very process 

of pathogenesis. However, further experiments are needed to prove this point.  

Significant higher level of expression of mce1A and mce1E in TT cases indicates that 

mce1A and mce1E could be the genes expressed early to help in the entry and survival 

of the bacteria. Several lipoproteins in pathogenic bacteria are reported to be essential 

for the virulence of the pathogen, since they could modulate the host immune 

response by activating Toll like receptors [4, 34] and are known to induce cytokine 

production in macrophages [15]. The abundance of mce1E - the lipoprotein 

component of the mce operon-implies that this gene could be involved in the 

modulation of immune response to M. leprae infection.  

Interestingly, as reported earlier, no transcript could be detected in the intergenic 

region between yrbE1B/mce1A in any of the cases analyzed [29]. This shows the 

probability of a promoter region of mce operon in yrBE1B gene. In contrast, 

M. tuberculosis mce was organized as 13 gene polycistronic mRNA, and the 

intergenic transcript that corresponds to yrbE1B/mce1A was detected in these cases. 

The operon organization includes the upstream genes fadD5 and mce1R. mce1R is a 

transcriptional repressor of mce operon, which regulates mce operon expression [7]. 

However, mce1R is absent in M. leprae genome (data not shown). This shows that, 

even if the organization of mce1 operon is similar in M. tuberculosis and M. leprae, 

their mechanisms of regulation may be different in these two pathogens, indicating a 

different mechanism for establishment of infection in the early stages. There are 

several reports, which demonstrate the differential expression of polycistronic operon, 

especially in the ABC transporter family of proteins [1, 14, 16, 18, 21]. YrbE1 protein 

and Mce protein show homology to ATP binding cassette (ABC) transporter 

permease and Substrate binding protein, respectively [6], and has been implicated in 

the import of glutamate and phosphatidic acid as substrates. These results along with 

our data imply that, differential mRNA decay may provide a mechanism for 

controlling the relative amounts of protein components in mce operon. This may help 

to facilitate the regulation of the uptake of factors required for the survival of 

pathogen under adverse host conditions as well as to establish a persistent state of 

infection.  
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