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Abstract

Background: Mycobacterium tuberculosis phoP mutant SO2 derived from a clinical isolate was shown to be attenuated in
mouse bone marrow-derived macrophages and in vivo mouse infection model and has demonstrated a high potential as
attenuated vaccine candidate against tuberculosis.

Methodology/Principal Findings: In this study, we analyze the adhesion and the intracellular growth and trafficking of SO2
in human macrophages. Our results indicate an enhanced adhesion to phagocitic cells and impaired intracellular replication
of SO2 in both monocyte-derived macrophages and human cell line THP-1 in comparison with the wild type strain,
consistent with murine model. Intracellular trafficking analysis in human THP-1 cells suggest that attenuation of SO2 within
macrophages could be due to an impaired ability to block phagosome-lysosome fusion compared with the parental M.
tuberculosis strain. No differences were found between SO2 and the wild-type strains in the release and mycobacterial
susceptibility to nitric oxide (NO) produced by infected macrophages.

Conclusions/Significance: SO2 has enhanced ability to bind human macrophages and differs in intracellular trafficking as to
wild-type M. tuberculosis. The altered lipid profile expression of the phoP mutant SO2 and its inability to secrete ESAT-6 is
discussed.
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Introduction

Tuberculosis (TB) is a leading cause of mortality by infectious

disease throughout the world [1], along with AIDS and malaria

[2,3]. It is estimated that the bacilli of tuberculosis infect

approximately one-third of the world’s population causing two

million deaths each year [4]. The HIV/AIDS pandemic, the

deterioration of public health infrastructures in developing

countries, and the emergence of multidrug-resistant (MDR-TB)

and even extensively drug resistant (XDR) forms of Mycobacterim

tuberculosis (Mtb) have further contributed to spread and transmis-

sion of the disease [5].

Currently, the Mycobacterium bovis bacille Calmette–Guérin

(BCG) strain is the only vaccine available for the prevention of

TB in humans. This live- attenuated vaccine, originally derived by

serial passages of a virulent strain of M. bovis, has been used to

prevent TB since 1921. Although BCG protects against severe

forms of childhood TB, this vaccine is ineffective in preventing

adult pulmonary TB, which is the major form of the disease in

endemic areas [2,3,6]. Recently, the genome sequences of the Mtb

clinical isolate H37Rv and of the BCG substrain 1173 Pasteur,

which are widely used as reference strains in many mycobacterial

genetics laboratories, have been published [7]. In this context, and

with the relatively poor efficacy of BCG in a number of clinical

trials [6], major efforts are being undertaken worldwide to develop

more effective vaccines against pulmonary TB. A combination of

drug treatment regimens with efficacious prophylactic vaccines

could therefore potentially go a long way to reduce incidence of

the disease in TB endemic areas.

The aims of the ‘classical’ live vaccine strategy are to generate

host immune responses that mimic natural infection, but without

causing disease [8]. The development of rationally attenuated

mutants of Mtb offers the prospect of novel potential vaccine

candidates against TB. By inactivating key genes involved in

virulence, it allows for the possibility of using a live-attenuated

vaccine that is safe and can induce the appropriate protective

immune responses without generating the pathology associated

with progression of disease resulting in improved protective

efficacy. An advantage of the Mtb live-attenuated vaccine strategy

is that many immunologically important genes are conserved in

the genome, unlike M. bovis BCG substrains where these are

deleted [9].
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Two-component regulatory signal transduction systems (TCS)

are important elements in the adaptive response of prokaryotes to

a variety of environmental stimuli [10] and are also implicated in

virulence regulation [11]. PhoP/R has been described in Mtb as a

two-component regulatory system and has been shown to play an

essential role in Mtb virulence [12]. In previous work, our

laboratory constructed a phoP mutant from a clinical isolate of Mtb

by introducing a marked disruption in the phoP gene, generating

the SO2 strain which exhibited impaired multiplication in vitro in

mouse bone marrow-derived macrophages, and in vivo in a mouse

infection model [12].

After in vitro murine studies, SO2 was shown to be more

attenuated than BCG in severe combined immunodeficiency

(SCID) mice and to confer equivalent immunity against pulmo-

nary TB in mice and better protection in guinea pigs when

compared with BCG [13,14]. Furthermore, recent protective

efficacy studies in rhesus macaques demonstrated that SO2

vaccination significantly reduced pathology upon intratracheal

Mtb infectious challenge, and provided significant protective effect

by reduction in C-reactive protein levels, and body weight loss and

decrease of several markers of inflammatory infection [15].

In addition to these studies, molecular assays have been

performed, showing that phoP is involved in the regulation of

complex mycobacterial cell-wall lipids implicated in the virulence

of Mtb [16–18]. Likewise, it has been demonstrated that avirulent

H37Ra strain contains a single mutation in phoP that accounts for

the absence of complex lipids [19] and impaired ESAT-6 secretion

[20] contributing to the avirulence of this strain [21].

Herein, as mycobacterial virulence is related to the initial

capacity of the microorganism to survive and grow in macro-

phages, we study the early infection of the vaccine candidate SO2

in vitro in human macrophages including peripheral blood-derived

macrophages (PBMC) as primary macrophages and the THP-1

cell line, which exhibits alveolar macrophage features when

stimulated with PMA, in comparison with its virulent wild-type

MT103 clinical strain. We compare this model with the results

observed in murine macrophages in which SO2 intracellular

replication is impaired. Moreover, we studied the first interaction

of SO2 strain with macrophages through adhesion assays and

investigated a) the trafficking involved in the internalization of

mycobacteria in THP-1 cells by immunofluorescence assays to see

possible differences in the phagosome-lysosome fusion and b) the

produced nitric oxide (NO) by infected THP-1 macrophages, as

well as the mycobacterial susceptibility to it.

Materials and Methods

Bacterial strains and growth conditions
M. bovis BCG Pasteur 1173P2, Mtb clinical isolate MT103, the

MT103 phoP mutant SO2 (kanamycin resistant), and its comple-

mented strain (kanamycin and hygromycin resistant), SO2-pSO5

[12], were used in this study. Mycobacteria were grown at 37uC in

liquid Middlebrook 7H9 medium supplemented with 0.05%

Tween 80 and 10% Middlebrook albumin dextrose catalase

enrichment (ADC), and when required, the medium was

supplemented with 20 mg/ml of kanamycin or hygromycin. Before

use, fresh mycobacterial cultures were centrifuged at 20 g for

5 min to remove bacterial clumps.

Eukaryotic cells
Peripheral blood mononuclear cells (PBMC) from healthy

subjects from Banco de Sangre Hospital Clı́nico Universitario

Lozano Blesa University of Zaragoza, according to institutional

guidelines, were isolated by density sedimentation over Ficoll-

Paque PLUS (Amersham Biosciences) and to isolate monocytes,

CD14+ cells were separated from total PBMCs by rosette

formation with goat erythrocytes to eliminate T lymphocytes

[22] and by negative selection with magnetic particles (Dynabeads

CD2 (Pan T) and CD19 (Pan B), DynalBiotech) as supplier’s

instructions to condense CD14+ cells, as determined by flow

cytometry with the anti-CD14 antibody. Finally, monocytes were

plated in a 24-well plate at a density of 66105 cells/ml in a

complete RPMI-1640 medium containing 1% penicillin-strepto-

mycin, and incubated for 7 days with medium containing 1 ml/ml

of M-CSF (macrophage-colony stimulating factor, R&D Systems).

The human monocytic cell line THP-1 was obtained from the

ECACC collection (ECACC No. 88081201) and were cultured at

37uC in a 5% CO2 atmosphere. THP-1 were maintained in

RPMI-1640 medium (GIBCO), containing 2 mM L-glutamine

and 10% fetal bovine serum. For subsequent experiments, THP-1

cell suspensions were adjusted to a concentration of 56105 cells/

ml in warm RPMI supplemented, seeded in 24-well plates adding

1 ml of suspension per well, and cells were allowed to adhere and

differentiate in the presence of 10 ng/ml PMA (Sigma), at 37uC in

5% CO2 for 48 hours.

Macrophage infection with M. tuberculosis
For infection, the medium of differentiated THP-1 and blood

monocytes-derived macrophages was removed and replaced with

1 ml of bacterial suspension from each strain (Mtb MT103, its

phoP mutant SO2, and its complemented strain SO2-pSO5) in

RPMI containing 105 cfu/ml, to obtain a multiplicity of infection

(MOI) of 1:10, bacteria per macrophage. After 4 h at 37uC, the

medium was removed and the wells were washed three times with

RPMI to remove extracellular bacteria (reduction to a non

significant number of extracellular bacilli), before adding 1 ml of

fresh culture medium per well. On days 0 (4 h), 1, 3, 5 and 7, cells

were lysed with 500 ml of sterile water with 0.1% triton X-100, and

the number of viable intracellular bacteria was counted by plating

serial dilutions of the lysis solution onto Middlebrook 7H10 agar

supplemented with 10% OADC (oleic albumin dextrose catalase

enrichment). This infection experiment was carried out in

triplicate.

Binding of mycobacteria to THP-1
The medium overlying the THP-1 monolayer was replaced with

1 ml of ice-cold tissue culture medium. Mycobacteria were added

to the monolayer at MOI of 1:1 because of the low percentage of

adherent bacteria. The mycobacteria were allowed to adhere for

4 hours at 4uC, and after the incubation period each well was

rinsed 3 times with 1 ml of ice-cold Phosphate Buffered Salt

Solution (PBS), pH 7.4. Monolayers were subsequently treated

with 0.5 ml of Triton X-100 (Sigma) in sterile water for 10 min.

Non-specific adherence to the plastic did not occur at 4uC (data

not shown). Adherent bacteria were quantified by plating for

colony forming units (CFU) onto Middlebrook 7H10 agar.

Intracellular trafficking within THP-1
Macrophages were seeded on glass coverslips and infected

under the same conditions as the survival experiments, at MOI of

1:1. We used heat-inactivated MT103 as negative control, by

heating bacteria at 80uC for 40 min. After 48 h of infection,

coverslips were fixed with 4% paraformaldehyde (PFA) in PBS at

room temperature for 30 min. Finally, PFA was removed and cells

were maintained in PBS at 4uC until their labeling. For

LysoTracker labelling, cells were incubated at 37uC with 50 nM

of LysoTracker (Molecular Probes) during 2 h, and subsequently

washed, before fixing. Then, coverslips were permeabilized and

TB phoP- in Human Macrophages
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incubated with a blocking solution of PBS, containing 2% FBS,

0.1% bovine serum albumin (BSA) and 1% saponin, for 30 min

and incubated with primary antibodies against LAMP-1 (late

phagosome-endosome marker), CD63 (phagolysosomal marker),

and anti-BCG for 1 h. As primary antibodies we used monoclonal

mouse anti-human LAMP-1 (Fitzgerald) diluted 1:100, monoclo-

nal mouse anti-human CD63 (Fitzgerald) diluted 1:100 and

polyclonal rabbit anti-BCG diluted 1:50 kindly provided by Dr.

Natalie Winter (Pasteur Institute, Paris, France). After the primary

labeling, cells were washed three times with PBS-1% saponin, and

incubated with fluorescent secondary antibodies in absence of light

for 1 h. As secondary antibodies: Alexa Fluor 488 F(ab’)2 fragment

of goat anti-rabbit IgG (Molecular Probes) and Alexa Fluor 594

F(ab’)2 fragment of goat anti-mouse IgG (Molecular Probes), both

of them diluted 1:100. Finally, cells were washed three times with

PBS, coverslips were mounted in Fluoromount-G (Southern

Biotech) on a microscope slide, and let at 4uC overnight. Indirect

immunofluorescence was examined using a fluorescence micro-

scope and a confocal laser-scanning microscope. To calculate the

percentage of colocalization for each coverslip, the superposition

of fluorescences for a minimum of 100 internalized isolated

bacteria (to avoid false positives) were analyzed. These assays were

performed at least two times and results were the average and

standard deviation obtained from three parallel independent

infections.

Measurement of NO production by infected THP-1 cells
Supernatants were harvested after 24, 48, 72 and 96 h from

cultures of PMA-treated THP-1 infected at MOI of 1:10, 1:1 and

10:1. The production of NO was measured indirectly by assaying

for the presence of nitrite (NO2
2) using the Griess reagent. Griess

reagent was added 1:1 with supernatants. Units of NO2
2 were

quantified from a standard curve using dilutions of NaNO2

(100 nM-100 mM) as a source of nitrite, and data were normalized

to NO production in non-infected THP-1 cells. After 15 min at

room temperature A540 values were read on a spectrophotometer.

Determination of mycobacterial susceptibility to
exogenous NO

The 7H9-ADC broth was acidified to pH 5.5, with the addition

of 2 N HCl, and filter sterilized. After that, approximately 56103

viable bacilli were added to tubes in 1-ml aliquots of this broth.

Then, sodium nitrite was added from a sterile 1 M stock to final

concentrations ranging between 0.5 mM and 10 nM. Sodium

nitrite was not added to control cultures. The cultures were

incubated at 37uC for 24–120 h (days 1–5), and serial dilutions

were plated onto Middlebrook 7H10-OADC agar at the indicated

days after infection and counted as described above. The obtained

CFUs from the control cultures were considered as 100% viability.

Statistical analyses
The statistical differences between strains were analyzed by the

Student’s t test. The levels of significance between strains were set

at a P value of ,0.05. Unless otherwise stated, all experiments

were performed at least three times, and the data are given as

mean values 6 SD.

Results

Impaired replication of SO2 in human macrophages
To study the intracellular replication of SO2 strain inside

human macrophages, primary cells derived from PBMC and the

human cell line THP-1 were infected at a MOI 1:10 with wild-

type MT103 or its attenuated phoP-based mutant SO2 and

mycobacterial viability was studied. In both human PBMC and

THP-1 derived macrophages, there was an impaired intracellular

growth of SO2 when compared to MT103. At day 7 of infection of

PBMC cells, MT103 had 110-fold growth increase CFU numbers,

while SO2 had a lower increase of 6-fold with respect to CFU

counts on day 0, indicating that SO2 replication was impaired

intracellularly (about 18-fold less CFU numbers) when compared

to wild-type MT103 strain (Figure 1A). The phoP-complemented

strain SO2-pSO5 largely restored the wild type growth pattern in

PBMC. Similar results were obtained in THP-1 cells, although

with a smaller degree of mycobacterial growth for all strains. In

this case, the numbers of intracellular MT103 bacilli increased 38-

fold over the 7 days of infection (Figure 1B), whereas SO2 was

characterized by a 2-fold increase in CFU as to day 0. In this cell

line, the phoP-based strain exhibited the same degree of

attenuation as in human PBMC, replicating about 18-fold less

than MT103 strain at day 7 of infection. The vaccine strain M.

bovis BCG Pasteur 1173P2 was also used in the THP-1 growth

assays, exhibiting similar impaired replication as SO2 when

compared to virulent MT103 strain (data not shown).

Increased adhesion of SO2 mutant to human
macrophages

As described above, human PBMC and THP-1 macrophages

were infected at MOI 1:1 (greater MOI than that in the replication

assays due to the low percentage of bound bacteria). Cells were

incubated during 4 h at 4uC to avoid phagocytosis, and after

removing extracellular bacteria, cells were lysed to obtain only the

mycobacteria bound to macrophages and analysis was made by

CFU counts.

Percentage of adhesion to cells was measured as the amount of

bound bacteria with respect to inoculated mycobacteria. Results

showed an increase in the SO2 adhesion to human macrophages

in comparison with wild-type strain MT103 (Figure 2). For

PBMC, the percentage of SO2 adhesion to macrophages was

approximately double that of wild-type strain (Figure 2A). For the

THP-1 cell line, SO2 adhesion was up to 4-fold higher when

compared to MT103 (Figure 2B).

Alteration of SO2 trafficking within THP-1 macrophages
Due to the differences observed between SO2 and wild-type

strain, both in adhesion to macrophages and intracellular growth,

we sought to examine whether a significant alteration in the

intracellular trafficking upon SO2 phagocytosis is produced. THP-

1 cells were infected with mycobacteria and after 48 h of infection

mycobacterial colocalization with cellular compartments of

infected macrophages was analyzed by immunofluorescence.

The MT103 strain, which evades the phagolysosome maturation,

was used as negative control and heat-inactivated MT103, which

follows the classical phagocytosis route, was used as positive

control.

Confocal images of mycobacterial colocalization with Lyso-

tracker showed similar colocalization of SO2 and heat-inactivated

MT103 to acidic compartments of infected THP-1 cells in contrast

to the wild-type strain, which hardly colocalized to these

compartments (Figure 3A). For colocalization percentages, we

counted isolated mycobacteria inside macrophages obtaining the

same results as we observed in confocal images, a high

colocalization for heat-inactivated MT103 and SO2 (approxi-

mately 95% and 79%, respectively) against 1% colocalization of

MT103 (Figure 3B).

In order to analyze in more detail the effect on phagolysosome

maturation following mycobacterial infection, we studied coloco-

lization with lysosome-associated membrane protein-1 (LAMP-1)

TB phoP- in Human Macrophages
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and CD63 markers, two different lysosome-associated membrane

glycoprotein characteristic of late-compartments of the phagocytic

route (late endosome-phagosome and phagolysosome, respective-

ly). Figures 4A and 5A show representative images of mycobac-

terial colocalization with LAMP-1 and CD63, respectively. Heat-

killed MT103 and SO2 strain showed similar high levels of

colocalization with LAMP-1 (70% and 80%, respectively), whereas

virulent MT103 exhibited reduced colocalization (25%)

(Figure 4B). However, in the case of CD63, a phagolysosome

marker, both SO2 and MT103 revealed poor colocalization (35%

and 20%, respectively) against the 75% colocalization observed in

the infection with heat-inactivated MT103 (Figure 5B) over the

period of 48 h.

Similar NO production by infected macrophages and NO
mycobacterial resistance

In addition to the phagolysosome formation, the production of

nitric oxide (NO) by the infected macrophage is another

mechanism of defense against Mtb in this cell type [23,24]. In

fact, inducible NO synthase expression and generation of reactive

nitrogen intermediates by alveolar macrophages are increased in

patients infected with Mtb [25].

To determine whether the NO mechanism is responsible for the

impaired intracellular replication of SO2 strain inside human

macrophages, we evaluated NO production by SO2-infected

THP-1 macrophages and SO2-susceptibility to NO. NO produc-

tion by THP-1 cells infected with SO2 or MT103 was measured

indirectly by the presence of nitrites (NO2
2) in the removed

supernatants at different MOI and times of infection, using heat-

inactivated MT103 as negative control. The obtained data showed

similar levels of NO production by SO2 and MT103-infected

macrophages in contrast to heat-inactivated MT103 (Figure S1A).

These results were obtained for all MOI variations and incubation

periods (data not shown), where the nitrite levels increased with

the infection period and MOI in agreement with previous results

described elsewhere [26–29]. We analyzed whether attenuation of

SO2 could be characterized by greater susceptibility to NO when

compared to the wild-type strain. In this context, aliquots of

MT103 and SO2 were incubated at pH 5.5 in presence of

increasing concentrations of NaNO2 (source of exogenous NO)

and at days 1, 4 and 5, aliquots were plated to study the

mycobacterial viability by CFU counts. The assays performed with

the 0–50 mM range of NaNO2, which corresponds to the same

NO concentration levels obtained by the infected macrophages in

Figure 1. Intracellular replication within human macrophages. Data express the fold increase of cfu with respect to day 0 of infection (4 h)
per well, in logarithmic scale. A) Infection of human PBMC. MOI 1:10. B) Infection of THP-1 macrophages. MOI 1:10. Mean values are the result of three
independent experimental data 6 SD, and asterisks indicate statistical significance (P#0.05) using Student’s t-test.
doi:10.1371/journal.pone.0012978.g001
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the previous assay of NO production, did not affect SO2 or

MT103 viability even with the increase of incubation time (data

not shown). However, when we used a higher range of NaNO2

concentrations (0.1 mM–10 mM) (Figure S1B), we observed an

important decrease in mycobacterial viability for both strains with

increasing NO amounts, resulting more evident at day 5 of

incubation. Nevertheless, this decrease of mycobacterial viability

was shown to be similar for both MT103 and SO2 strains at

analyzed days, suggesting that SO2 was no more susceptible to

exogenous NO than its wild-type strain.

Discussion

The live vaccine candidate SO2 was constructed by disrupting the

phoP gene coding for the transcription factor of the TCS PhoP/R,

essential for Mtb virulence [12]. The phoP mutant SO2 was unable to

replicate but persisted in murine macrophages and was attenuated in

vivo in mice [12]. SO2 showed significant protective effect against TB

in guinea pigs and non-human primates [14,15] demonstrating high

potential as live-attenuated vaccine candidate against TB. In the

present study we addressed the intracellular replication of SO2 in

human macrophages with the aim to see if the phoP-based mutant

presents an attenuated phenotype in human macrophages.

For these assays, we selected primary macrophages from human

PBMC and THP-1 cell line, which has alveolar macrophage

characteristics when stimulated and differentiated with PMA [30].

In both types of macrophages SO2 demonstrated an attenuated

phenotype characterized by an impaired intracellular replication

with the same attenuation ratio in contrast to wild-type MT103.

Due to the potential variability with PBMCs from different donors,

we performed the assays with cells from various donors, obtaining

consistent results for the different strains with patent attenuation

for SO2. As to previous results demonstrating the inability of SO2

to replicate in murine macrophages [12], SO2 showed limited

replication in the two types of human macrophages types which

was also observed for BCG in the THP-1 cell line (unpublished

results). Results showed similar intracellular growth pattern

between both strains (data not shown), obtaining comparable

degree of attenuation between BCG and SO2 in human THP-1

derived macrophages. When SO2 was complemented the

replication phenotype was reverted, confirming that the phoP gene

regulates intracellular growth in human macrophages in vitro,

correlating with murine studies [12].

The first step in the mycobacterial infection is adhesion and

mycobacterial recognition by the host cell. Recent studies have

established the Mtb cell envelope as a critical determinant in Mtb–

host interactions and mycobacterial virulence. In this context the

lipid pattern on the mycobacterial envelope of the phoP mutant

from MT103 was previously studied by our group [16], showing

that the mutant lacks the immunomodulatory cell-wall lipids

diacyltrehaloses (DAT) and polyacyltrehaloses (PAT) [16], It has

been reported that deficiency in some forms of DAT and PAT

affects the surface properties of Mtb, resulting in enhanced

interaction with host cells [31]. On the other eventhough hand,

these lipids are only present in the pathogenic mycobacteria, SO2

attenuation may not totally be attributed to the lack of these

virulence-associated lipids, since mutants in DAT and PAT

synthesis do not develop a marked reduction in virulence neither

in vitro nor in vivo in mice [19,31–34].

Moreover, the structure of the major non-peptidic antigen of

mycobacterial cell walls, mannosylated lipoarabinomannan (Man-

LAM), was studied in the phoP mutant and it was found that there

was an increase in the relative abundance of the monoacylated

form of the molecule in SO2, as to wild-type MT103 suggesting

that phoP gene could be implicated in the modulation of the acyl

forms of ManLAM [35]. ManLAM plays an important role in

Mtb interactions with the host through pattern recognition

receptors [36]. Results from studying SO2 adhesion to human

macrophages from PBMC and THP-1 cells showed significantly

higher adhesion phenotype when compared to wild-type MT103.

The phoP-complemented strain, SO2-pSO5, recovered the

adhesion phenotype of the wild-type strain, suggesting that the

phoP gene is required for this feature. The increased abundance of

monoacylated ManLAMs molecules and lack of virulence-

associated immunomodulatory cell wall lipids, such as DAT and

PAT, (involved in mycobacterial interaction with host cells [31]),

could play part in the adherence phenotype displayed by SO2.

Due to this altered lipid expression profile, the change in the SO2

interaction with macrophages, characterized by a higher adhesion

phenotype could be associated with a different mycobacterial

association with the phagocytic receptors, leading to an alteration

in the route for mycobacteria upon phagocytosis [37,38].

Since the altered SO2 interaction with macrophages could lead

to a different mycobacterial intracellular route, as well as SO2

attenuation could be due to inability to inhibit phagosome

maturation characteristic of the wild-type strain, we used

immunofluorescence assays to examine the intracellular trafficking

of SO2 in THP-1 cells following phagocytosis. Significant

differences in the intracellular trafficking between SO2 strain

Figure 2. Mycobacterial adhesion to human macrophages. Data
express the percentage of bound mycobacteria with respect to
mycobacterial inoculum. A) Human PBMC. MOI 1:1. B) THP-1
macrophages. MOI 1:1. Mean values are the result of three independent
experimental data 6 SD, and asterisks indicate statistical significance
(P#0.05) using Student’s t-test.
doi:10.1371/journal.pone.0012978.g002
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and wild-type MT103 were observed. Given that Mtb remains in a

non-acidic mycobacterial phagosome, we first analyzed the

presence of SO2 in the acidic compartments by colocalization

with LysoTracker. In contrast to MT103, SO2 (like heat-

inactivated MT103) failed to block the phagosome maturation

indicated by high levels of colocalization to these acidic

compartments. Recently the correlation between PhoP regulation

and ESX-1 secretion system in intracellular mycobacteria has been

described, demonstrating that ESAT-6 secretion by Mtb and

specific T-cell recognition are under the control of PhoP

[20,39,40]. The ESX-1 is required for phagosome maturation

arrest [41], and the fact that SO2 has lost the capacity to export

ESAT-6 in addition to the reduced expression of several other

esx-1 genes make a plausible explanation to why SO2 fails to

induce phagosome maturation arrest.

In order to analyze in more detail the cell trafficking route of

SO2, we used two different lysosome-associated membrane

glycoproteins as organelle markers, LAMP-1 and CD63, previ-

ously described in late endosome-phagosomes and phagolysomes

[38,42]. Similar to the LysoTracker results, we observed high

colocalization of SO2 with LAMP-1, late endosome-phagosome

and phagolysome marker, suggesting that SO2 does not escape

phagosomal maturation, in contrast to the pathogenic wild-type

strain. However, when a later marker of the endocytic route was

Figure 3. Confocal microscopy analysis of LysoTraker-stained infected macrophages. A) Representative images of THP-1 macrophages
infected with live MT103, heat-killed MT103 and SO2 strains. MOI 1:1. After 48 h of infection, cells were stained in red fluorescence with LysoTraker
and mycobacteria in green fluorescence. Bars: 40 mm. Colocalization of both red and green fluorescence indicate that the mycobacteria reside in
acidic compartments. B) Quantification of mycobacterial intracellular trafficking into acidified compartments. Data express the percentage of
mycobacteria inside LysoTraker-compartments with respect to internalized mycobacteria into THP-1 cells. Mean values are the result of three
independent experimental data 6 SD, and asterisks indicate statistical significance (P#0.05) using Student’s t-test.
doi:10.1371/journal.pone.0012978.g003
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used, CD63 characteristic of the phagolysosome, SO2 mutant

showed poor colocalization with this marker, displaying a

persistence phenotype as described previously by our group for

murine macrophages [12]. Persistence has been shown to be

important for the generation of long-lasting protective immunity in

vivo [43], supported by previous studies which demonstrated that

BCG persistence results in prolonged antigen presentation and

generation of memory CD8+ T cells in mice [44]. The impaired

replication and the persistence phenotype of SO2 in human

macrophages could be a beneficial characteristic for a vaccine

candidate, being attenuated but with the potential to effectively

stimulate the host immune system without causing disease. This

was also described for the antigen 85A-deficient mutant of Mtb

(DfbpA), a candidate vaccine with an enhanced immunogenicity

profile presenting an altered intracellular trafficking behavior in

macrophages, as DfbpA containing phagosomes were able to fuse

with late endosomes but failed to acquire rab7 and CD63 markers,

avoiding lysosomal fusion [45].

Apart from the phagolysosome formation, another mechanism of

the innate defense against mycobacteria is the production of NO

and reactive nitrogen intermediates by infected macrophages upon

mycobacterial infection [23,24,25]. In contrast to the murine

models of TB, there is a greater controversy on the role of NO in

killing or limiting the growth of Mtb in humans; nevertheless, there

is a growing body of evidence that NO produced by TB-infected

human macrophages is also antimycobacterial against Mtb, as seen

Figure 4. Confocal microscopy analysis of mycobacterial intracellular localization in human macrophages. A) Representative images of
LAMP-1-stained THP-1 macrophages infected with live MT103, heat-killed MT103 and SO2 strains. MOI 1:1. After 48 h of infection, LAMP-1
compartments were stained in red and mycobacteria in green. Bars: 20 mm. B) Quantification of mycobacterial intracellular trafficking into late
phagosomes and phagolysosomes. Data express the percentage of mycobacteria inside LAMP-1-compartments with respect to internalized
mycobacteria into THP-1 cells. Mean values are the result of three independent experimental data 6 SD, and asterisks indicate statistical significance
(P#0.05) using Student’s t-test.
doi:10.1371/journal.pone.0012978.g004
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in both experimental and human TB [46,47,48]. Our data showed

that NO production was similar for both attenuated SO2 and wild-

type strains in THP-1 derived human macrophages, contrasting

with previous results demonstrating that certain attenuated strains

as H37Ra induced significantly higher levels of NO than their

virulent counterparts H37Rv in infected PBMC cells [23]. In

addition, the tolerance of mycobacteria to NO in vitro is strain-, dose-

and time- dependent the pathogens being inherently more resistant

than non-pathogenic [26–29]. However we demonstrate no

significant differences in NO susceptibility between SO2 and wild-

type MT103, discarding the NO mechanism as responsible for the

SO2 attenuation (which is in agreement with previous reports from

other attenuated Mtb strains [49]).

The results in this work demonstrating the attenuation,

impaired replication, persistence and the different cell trafficking

of SO2 in human macrophages provide a first glimpse of the

behavior of this live-attenuated mutant in the human cellular

model in vitro and are a first step to understanding the intracellular

mode of action of this potential live vaccine candidate against TB.

Supporting Information

Figure S1 NO production by infected macrophages and

mycobacterial susceptibility to exogenic NO. A) NO production

by infected THP-1 macrophages at day 4 (96 hours) with a MOI

of 1:1. B) Mycobacterial susceptibility to exogenic NO. Data

Figure 5. Confocal microscopy analysis of mycobacterial intracellular localization in human macrophages. A) Representative images of
CD63-stained THP-1 macrophages infected with live MT103, heat-killed MT103 and SO2 strains. MOI 1:1. After 48 h of infection, CD63 compartments
were stained in red fluorescence and mycobacteria in green fluorescence. Arrows indicate colocalization. Bars: 20 mm. B) Quantification of
mycobacterial intracellular trafficking into phagolysosomes. Data express the percentage of mycobacteria inside CD63-compartments with respect to
internalized mycobacteria into THP-1 cells. Mean values are the result of three independent experimental data 6 SD, and asterisks indicate statistical
significance (P#0.05) using Student’s t-test.
doi:10.1371/journal.pone.0012978.g005
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express the percentage of viable mycobacteria in the presence of 0-

10 mM NaNO2, at pH 5.5, at days1 and 5. Mean values are the

result of three independent experimental data 6 SD, and the

Student’s t-test was used to determine statistical significance (P #

0.05).

Found at: doi:10.1371/journal.pone.0012978.s001 (9.80 MB

TIF)

Acknowledgments

The authors would like to thank the members of their groups and

particularly, Carmen Lafoz for providing the mycobacterial stocks, Alberto

Cebollada for the statistical analysis, and the Unidad de Microscopı́a e

Imagen, from the Instituto Aragonés de Ciencias de la Salud, for its help

with the confocal images. We specially thank Dessi Marinova and Ignacio

Aguilo for the critical reading of the manuscript.

Author Contributions

Conceived and designed the experiments: ON BG CM. Performed the

experiments: NLF ABG. Analyzed the data: NLF ON BG CM. Wrote the

paper: NLF.

References

1. WHO (2006) Global tuberculosis control: surveillance, planning, financing.
Geneva.

2. Kaufmann SH (2006) Envisioning future strategies for vaccination against

tuberculosis. Nat Rev Immunol 6: 699–704.

3. Young D, Dye C (2006) The development and impact of tuberculosis vaccines.
Cell 124: 683–687.

4. Bloom BR, Murray CJ (1992) Tuberculosis: commentary on a reemergent killer.

Science 257: 1055–1064.

5. WHO/IUATLD (2004) Anti-Tuberculosis Drug Resistance in the World.

Report no. 3: prevalence and trends. WHO/IUATLD Global Project on Anti-

Tuberculosis Drug Resistance Surveillance 1999–2002.

6. Fine PE (1995) Variation in protection by BCG: implications of and for

heterologous immunity. Lancet 346: 1339–1345.

7. Brosch R, Gordon SV, Garnier T, Eiglmeier K, Frigui W, et al. (2007) Genome
plasticity of BCG and impact on vaccine efficacy. Proc Natl Acad Sci U S A 104:

5596–5601.

8. Young DB (2003) Building a better tuberculosis vaccine. Nat Med 9: 503–504.

9. Behr MA (2002) BCG—different strains, different vaccines? Lancet Infect Dis 2:
86–92.

10. Groisman EA (2001) The pleiotropic two-component regulatory system PhoP-

PhoQ. J Bacteriol 183: 1835–1842.

11. Fields PI, Groisman EA, Heffron F (1989) A Salmonella locus that controls

resistance to microbicidal proteins from phagocytic cells. Science 243:

1059–1062.

12. Perez E, Samper S, Bordas Y, Guilhot C, Gicquel B, et al. (2001) An essential

role for phoP in Mycobacterium tuberculosis virulence. Mol Microbiol 41: 179–187.

13. Aguilar D, Infante E, Martin C, Gormley E, Gicquel B, et al. (2007)
Immunological responses and protective immunity against tuberculosis con-

ferred by vaccination of Balb/C mice with the attenuated Mycobacterium

tuberculosis (phoP) SO2 strain. Clin Exp Immunol 147: 330–338.

14. Martin C, Williams A, Hernandez-Pando R, Cardona PJ, Gormley E, et al.

(2006) The live Mycobacterium tuberculosis phoP mutant strain is more attenuated

than BCG and confers protective immunity against tuberculosis in mice and
guinea pigs. Vaccine 24: 3408–3419.

15. Verreck FA, Vervenne RA, Kondova I, van Kralingen KW, Remarque EJ, et al.

(2009) MVA.85A boosting of BCG and an attenuated, phoP deficient M.

tuberculosis vaccine both show protective efficacy against tuberculosis in rhesus

macaques. PLoS ONE 4: e5264.

16. Gonzalo Asensio J, Maia C, Ferrer NL, Barilone N, Laval F, et al. (2006) The
virulence-associated two-component PhoP-PhoR system controls the biosynthe-

sis of polyketide-derived lipids in Mycobacterium tuberculosis. J Biol Chem 281:
1313–1316.

17. Ludwiczak P, Gilleron M, Bordat Y, Martin C, Gicquel B, et al. (2002)

Mycobacterium tuberculosis phoP mutant: lipoarabinomannan molecular structure.
Microbiology 148: 3029–3037.

18. Walters SB, Dubnau E, Kolesnikova I, Laval F, Daffe M, et al. (2006) The

Mycobacterium tuberculosis PhoPR two-component system regulates genes essential
for virulence and complex lipid biosynthesis. Mol Microbiol 60: 312–330.

19. Chesne-Seck ML, Barilone N, Boudou F, Gonzalo Asensio J, Kolattukudy PE,

et al. (2008) A point mutation in the two-component regulator PhoP-PhoR
accounts for the absence of polyketide-derived acyltrehaloses but not that of

phthiocerol dimycocerosates in Mycobacterium tuberculosis H37Ra. J Bacteriol 190:
1329–1334.

20. Frigui W, Bottai D, Majlessi L, Monot M, Josselin E, et al. (2008) Control of M.

tuberculosis ESAT-6 secretion and specific T cell recognition by PhoP. PLoS
Pathog 4: e33.

21. Lee JS, Krause R, Schreiber J, Mollenkopf HJ, Kowall J, et al. (2008) Mutation

in the transcriptional regulator PhoP contributes to avirulence of Mycobacterium

tuberculosis H37Ra strain. Cell Host Microbe 3: 97–103.

22. Pandolfi F, Kurnick JT, Nilsson K, Forsbeck K, Wigzell H (1978) Rosette

formation with goat erythrocytes. A marker for human T lymphocytes. Clin Exp
Immunol 32: 504–509.

23. Chan ED, Chan J, Schluger NW (2001) What is the role of nitric oxide in

murine and human host defense against tuberculosis? Current knowledge.
Am J Respir Cell Mol Biol 25: 606–612.

24. Shiloh MU, Nathan CF (2000) Reactive nitrogen intermediates and the

pathogenesis of Salmonella and mycobacteria. Curr Opin Microbiol 3: 35–42.

25. Wang CH, Liu CY, Lin HC, Yu CT, Chung KF, et al. (1998) Increased exhaled

nitric oxide in active pulmonary tuberculosis due to inducible NO synthase

upregulation in alveolar macrophages. Eur Respir J 11: 809–815.

26. Jordao L, Bleck CK, Mayorga L, Griffiths G, Anes E (2008) On the killing of

mycobacteria by macrophages. Cell Microbiol 10: 529–548.

27. Long R, Light B, Talbot JA (1999) Mycobacteriocidal action of exogenous nitric

oxide. Antimicrob Agents Chemother 43: 403–405.

28. O’Brien L, Carmichael J, Lowrie DB, Andrew PW (1994) Strains of

Mycobacterium tuberculosis differ in susceptibility to reactive nitrogen intermediates

in vitro. Infect Immun 62: 5187–5190.

29. Rhoades ER, Orme IM (1997) Susceptibility of a panel of virulent strains of

Mycobacterium tuberculosis to reactive nitrogen intermediates. Infect Immun 65:

1189–1195.

30. Chen F, Kuhn DC, Gaydos LJ, Demers LM (1996) Induction of nitric oxide and

nitric oxide synthase mRNA by silica and lipopolysaccharide in PMA-primed

THP-1 cells. Apmis 104: 176–182.

31. Rousseau C, Neyrolles O, Bordat Y, Giroux S, Sirakova TD, et al. (2003)

Deficiency in mycolipenate- and mycosanoate-derived acyltrehaloses enhances

early interactions of Mycobacterium tuberculosis with host cells. Cell Microbiol 5:

405–415.

32. Jackson M, Stadthagen G, Gicquel B (2007) Long-chain multiple methyl-

branched fatty acid-containing lipids of Mycobacterium tuberculosis: biosynthesis,

transport, regulation and biological activities. Tuberculosis (Edinb) 87: 78–86.

33. Rousseau C, Turner OC, Rush E, Bordat Y, Sirakova TD, et al. (2003)

Sulfolipid deficiency does not affect the virulence of Mycobacterium tuberculosis

H37Rv in mice and guinea pigs. Infect Immun 71: 4684–4690.

34. Saavedra R, Segura E, Tenorio EP, Lopez-Marin LM (2006) Mycobacterial

trehalose-containing glycolipid with immunomodulatory activity on human

CD4+ and CD8+ T-cells. Microbes Infect 8: 533–540.

35. Ludwiczak P, Gilleron M, Bordat Y, Martin C, Gicquel B, Puzo G (2002)

Mycobacterium tuberculosis phoP mutant: lipoarabinomannan molecular structure.

Microbiology 148: 3029–3037.

36. Torrelles JB, Schlesinger LS (2010) Diversity in Mycobacterium tuberculosis

mannosylated cell wall determinants impacts adaptation to the host. Tubercu-

losis (Edinb) 90: 84–93.

37. Jo EK (2008) Mycobacterial interaction with innate receptors: TLRs, C-type

lectins, and NLRs. Curr Opin Infect Dis 21: 279–286.

38. Vergne I, Chua J, Singh SB, Deretic V (2004) Cell biology of Mycobacterium

tuberculosis phagosome. Annu Rev Cell Dev Biol 20: 367–394.

39. Gonzalo-Asensio J, Mostowy S, Harders-Westerveen J, Huygen K, Hernandez-

Pando R, et al. (2008) PhoP: a missing piece in the intricate puzzle of

Mycobacterium tuberculosis virulence. PLoS ONE 3: e3496.

40. Li AH, Waddell SJ, Hinds J, Malloff CA, Bains M, et al. (2010) Contrasting

transcriptional responses of a virulent and an attenuated strain of Mycobacterium

tuberculosis infecting macrophages. PLoS ONE 5: e11066.

41. MacGurn JA, Cox JS (2007) A genetic screen for Mycobacterium tuberculosis

mutants defective for phagosome maturation arrest identifies components of the

ESX-1 secretion system. Infect Immun 75: 2668–2678.

42. Huynh KK, Eskelinen EL, Scott CC, Malevanets A, Saftig P, et al. (2007)

LAMP proteins are required for fusion of lysosomes with phagosomes. Embo J

26: 313–324.

43. van Faassen H, Dudani R, Krishnan L, Sad S (2004) Prolonged antigen

presentation, APC-, and CD8+ T cell turnover during mycobacterial infection:

comparison with Listeria monocytogenes. J Immunol 172: 3491–500.

44. Houde M, Bertholet S, Gagnon E, Brunet S, Goyette G, et al. (2003)

Phagosomes are competent organelles for antigen cross-presentation. Nature

425: 402–406.

45. Katti MK, Dai G, Armitige LY, Rivera Marrero C, Daniel S, et al. (2008) The

DfbpA mutant derived from Mycobacterium tuberculosis H37Rv has an enhanced

susceptibility to intracellular antimicrobial oxidative mechanisms, undergoes

limited phagosome maturation and activates macrophages and dendritic cells.

Cell Microbiol 10: 1286–1303.

TB phoP- in Human Macrophages

PLoS ONE | www.plosone.org 9 September 2010 | Volume 5 | Issue 9 | e12978



46. Lee JS, Yang CS, Shin DM, Yuk JM, Son JW, et al. (2009) Nitric Oxide

Synthesis is Modulated by 1,25-Dihydroxyvitamin D3 and Interferon-gamma in
Human Macrophages after Mycobacterial Infection. Immune Network 9:

192–202.

47. Jagannath C, Actor JK, Hunter RL, Jr. (1998) Induction of nitric oxide in
human monocytes and monocyte cell lines by Mycobacterium tuberculosis. Nitric

Oxide 2: 174–186.

48. Rich EA, Torres M, Sada E, Finegan CK, Hamilton BD, et al. (1997)

Mycobacterium tuberculosis (MTB)-stimulated production of nitric oxide by human
alveolar macrophages and relationship of nitric oxide production to growth

inhibition of MTB. Tuber Lung Dis 78: 247–255.

49. Aston C, Rom WN, Talbot AT, Reibman J (1998) Early inhibition of
mycobacterial growth by human alveolar macrophages is not due to nitric oxide.

Am J Respir Crit Care Med157: 1943–1950.

TB phoP- in Human Macrophages

PLoS ONE | www.plosone.org 10 September 2010 | Volume 5 | Issue 9 | e12978



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


