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Tyrosine phosphatase MptpA ofMycobacterium tuberculosisinhibits
phagocytosis and increases actin polymerization in macrophages
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Abstract

Protein tyrosine phosphatases from several microorganisms have been shown to play a role as virulence factors by modifying the phos-
phorylation/dephosphorylation equilibrium in cells of their host. Two tyrosine phosphatases, MptpA and MptpB, secreted byMycobacterium
tuberculosis,have been identified. Expression of MptpA is upregulated upon infection of monocytes, but its role in host cells has not been elu-
cidated. A eukaryotic expression vector containing themptpAcDNA has been transfected into macrophages. We report that MptpA reduced
phagocytosis of mycobacteria, opsonized zymosan or zymosan, but had no effect on phagocytosis of IgG-coated particles. We also noted that
the presence of F-actin at the surface of phagosomes containing opsonized zymosan was significantly increased in cells expressing MptpA.
In the presence of recombinant MptpA, the process of actin polymerization at the surface of isolated phagosomes was increased; this was not
the case in the presence of the phosphatase-dead mutant MptpAC11S. MptpA had no effect when IgG-coated particles were present inside
isolated phagosomes. These results indicate that, like other tyrosine phosphatases of pathogens, MptpA plays a role in phagocytosis and
actin polymerization. However, MptpA had no effect on IgG particles, suggesting that its putative substrate(s) is not linked to the signaling
pathways of Fcγ receptors.
 2005 Elsevier SAS. All rights reserved.
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1. Introduction

Tuberculosis is the most important cause of death from
infectious diseases. Our knowledge of howMycobacterium
tuberculosisenters the host cell, or macrophage, and cir-
cumvents bactericidal responses remains elusive. It is clear
that M. tuberculosisand other pathogenic species such as
M. aviumandM. kansasii, which often cause severe infec-
tions in immunodepressed and AIDS patients, are internal-
ized into phagosomes which remain refractory to fusion with
lysosomes [2,29]. This is probably part of the survival strat-
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egy of these bacteria so as to avoid acidic pH, proteases and
bactericidal proteins found in lysosomes. It is interesting to
note that both pathogenic and nonpathogenic mycobacteria
remain inside phagosomes which do not fuse with lyso-
somes at early time points post-infection (<1 h) [4]. To do
so, they are internalized through special receptors [4,38,41].
At longer time points post-infection, phagosomes contain-
ing nonpathogenic mycobacteria fuse with lysosomes [29].
In contrast, phagosomes indefinitely resist fusion when they
contain pathogenic strains, indicating that these mycobacte-
ria have the capacity to control some host cell defenses. This
activity requires live bacteria and putative virulence factors.

Among strategies developed by bacteria to circumvent
host cell defenses, it has been shown that Gram-negative
bacteria such asYersiniasp. [20,23,42,48],Salmonella ty-
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phimurium[22,28] andHelicobacter pylori[44] are equip-
ped with tyrosine phosphatases dedicated to host proteins
[19,27]. For example, the virulence factor YopH ofYersinia
is a tyrosine phosphatase which disturbs cytoskeleton dy-
namics and inhibits the phagocytic process disarming the
immune cell system [7].

Sequence analysis of theM. tuberculosisgenome re-
vealed the presence of two genesmptpAandmptpBencoding
low molecular weight phosphotyrosine phosphatases MptpA
and MptpB (http://www.genolist.pasteur.fr/TubercuList)
[11]. These two enzymes have already been expressed as re-
combinant proteins, and shown to possess phosphotyrosine
activity and to lack activity toward serine and threonine-
phosphorylated proteins [31]. MptpA is released byM. tu-
berculosis[15,31] and, upon infection of human monocytes,
the expression of MptpA is triggered inM. bovis BCG
but not in M. smegmatis[15]. Moreover, a mutant strain
lacking mptpBpresents impaired ability to survive in acti-
vated macrophages or guinea pigs [45]. Since there is no
counterpart protein tyrosine kinase in theM. tuberculosis
genome, we expect that the role of tyrosine phosphatases is
not dedicated to regulating the phosphorylation state of my-
cobacterial proteins, but rather to acting on host cells. The
membrane of phagosomes containing mycobacteria has been
shown to become permeable to high molecular weight mole-
cules [47] and recently, mycobacteria free in the cytoplasm
of macrophages have been described [46] suggesting that
proteins secreted by mycobacteria could easily be released
in the host cell cytosol. In fact, a serine/threonine kinase se-
creted byM. bovis BCG and present in the cytoplasm of
infected cells has recently been shown to affect the fusion
of lysosomes with phagosomes [49]. We thus decided to ex-
amine the role of theM. tuberculosistyrosine phosphatase
MptpA in macrophages. We report that MptpA inhibits the
phagocytic process of mycobacteria or zymosan without af-

fecting ingestion of immunoglobulin G-coated particles. In
addition, it enhances the presence and the polymerization of
actin at phagosomes.

2. Materials and methods

2.1. Bacteria, plasmid construction and mutagenesis

The primers used in this study and listed in Table 1
were provided by Sigma–Genosys Ltb. (Haverhill, UK). The
E. coli strain was grown and maintained in LB medium at
37◦C. Restriction enzymes and T4 DNA ligase were used
as recommended by the manufacturer (Promega, Charbon-
nières, France).

The 492-bpmptpAgene fragment, with appropriate sites
at both ends, was synthesized by PCR amplification us-
ing M. tuberculosisH37Rv genomic DNA as a template,
primer pair 1/2 (Table 1) and Pfu polymerase purchased
from Promega. This DNA fragment was restricted byKpnI
and PstI and ligated into theE. coli expression vector
pQE-30 generating His6 fusion proteins, thus yielding pQE-
30-ptpA (Table 2). A plasmid designed to express MptpA
in mammalian cells was constructed by PCR amplification
usingM. tuberculosisH37Rv genomic DNA as a template
and primer pair 7/8 (Table 1). The resulting DNA frag-
ment was restricted byKpnI andXbaI and ligated into vec-
tor pcDNA3 digested by the same enzymes, thus yielding
pcDNA3-ptpA (Table 2). PCR products and plasmid DNA
fragments were purified using the QiaexII kit (Qiagen,
Courtaboeuf, France).

According to the conserved catalytic site of low molec-
ular weight phosphatases [50], site-directed mutagenesis of
MptpA was performed [35] on Cys11 to Ser by PCR ampli-
fication using pQE-30-ptpAas template and oligonucleotide

Table 1
Primers used in this study

Primera 5′ to 3′ sequenceb,c

1 (+) TATGGTACCTCTGATCCGCTGCACGTCACATTC
2 (–) TATCTGCAGAACTCGGTCCGTTCCGCGCGAGACG
7 (+) TATGGTACCATGTCTGATCCGCTGCACGTCACAT
8 (–) TATTCTAGATCAACTCGGTCCGTTCCGCGCG
3 (+) TATGGTACCTCTGATCCGCTGCACGTCACATTCGTTAGTACGGGCAACATCGCAAC

a Forward and reverse primers are represented by plus (+) or minus (–), respectively.
b Restriction sites areitalicized.
c The bases mutated from those present in the wild type are underlined.

Table 2
Plasmids used in this study

Plasmids Description Reference or source

pQE-30 E. coli expression vector generating His6 fusion proteins for overexpression Qiagen
pQE-30-ptpA pQE-30 with an 492-bpKpnI/PstI fragment encoding entire MptpA protein This study
pQE-30-ptpAC11S pQE-30 with an 492-bpKpnI/PstI fragment encoding entire MptpAC11Smutant This study
pcDNA3 Mammalian cell expression vector Invitrogen
pcDNA3-ptpA pcDNA3 with an 492-bpKpnI/XbaI fragment encoding entire MptpA protein This study
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