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SUMMARY

The interaction between mycobacterial phenolic glycolipids (PGLs) and phagocytes was studied.
Human neutrophils were allowed to interact with each of four purified mycobacterial PGLs and the
neutrophil production of reactive oxygen metabolites was followed kinetically by luminol-/isoluminol-
amplified chemiluminescence. The PGLs fromMycobacterium tuberculosisand Mycobacterium
kansasii, respectively, were shown to stimulate the production of oxygen metabolites, while PGLs
from Mycobacterium marinumandMycobacterium bovisBCG, respectively, were unable to induce an
oxidative response. Periodate treatment of theM. tuberculosisPGL decreased the production of oxygen
radicals, showing the importance of the PGL carbohydrate moiety for the interaction. The activation,
however, could not be inhibited by rhamnose or fucose, indicating a complex interaction which
probably involves more than one saccharide unit. This is in line with the fact that the activating PGLs
from M. tuberculosisand M. kansasii contain tri- and tetrasaccharides, respectively, while the
nonactivating PGLs fromM. marinum and M. bovis BCG each contain a monosaccharide. The
complement receptor 3 (CR3) has earlier been shown to be of importance for the phagocyte binding
of mycobacteria, but did not appear to be involved in the activation of neutrophils by PGLs. The
subcellular localization of the reactive oxygen metabolites formed was related to the way in which the
glycolipids were presented to the cells.
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INTRODUCTION

Pathogenic mycobacteria have the capacity to survive and multiply
inside phagocytic cells [1]. Little is known, however, about the
molecular mechanisms responsible for the mycobacterial resis-
tance to destruction by the phagocytes. The initial contact between
the mycobacteria and the phagocytic cell is in all probability of
great importance for the phagocytic process and it is likely
that mycobacterial surface molecules, such as the complex cell
wall glycolipids, are of importance for the outcome of such an
interaction. Several members of the genusMycobacterium(i.e.
Mycobacterium bovisBCG,Mycobacterium haemophilum, Myco-
bacterium kansasii, Mycobacterium leprae, Mycobacterium
marinum, and the so-calledCanetti strains of Mycobacterium
tuberculosis) contain glycosyl phenolphthiocerol dimycocerosates,
or so-called phenolic glycolipids (PGLs) [2–7]. These glycolipids
constitute an important part of the bacterial cell envelopes of these

bacteria. The long hydrophobic carbon chain of the PGLs carry a
para-substituted phenol ring, which is linked to an oligosaccharide
moiety containing between one and four sugars that are possibly
exposed on the surface of the bacterium [3]. The PGLs are potent
specific antigens, with antigenicity located in the oligosaccharide
moiety, while the lipid core is thought mainly to provide an anchor
in the cell wall [3].

A specific problem when studying glycolipids, such as the
PGLs, is their poor solubility in water. To overcome this, the
mycobacterial glycolipids may be coated on microtitre plates [8], a
method well suited for studying the initial contact between
phagocytes and mycobacteria.

Most studies concerning phagocytes and mycobacteria have
been performed with macrophages [9], but since neutrophils
usually are the first phagocytic cells to encounter bacterial
invaders, they are in all probability involved also in the host
defence against mycobacteria [10–12]. Upon encounter with a
bacterium, the neutrophil employs different lysosomal proteins and
produce reactive oxygen radicals to destroy the prey [13]. The
oxygen radical producing system in phagocytes is a multicomplex
membrane spanning enzyme system, the NADPH-oxidase, that is

Clin Exp Immunol 1999;118:253–260

253q 1999 Blackwell Science

Correspondence: J. Fa¨ldt, Department of Medical Microbiology and
Immunology, Go¨teborg University, Guldhedsgatan 10, S-413 46 Go¨teborg,
Sweden.

E-mail: jenny.faldt@microbio.gu.se



assembled at two locations during activation, both in the plasma
membrane and in intracellular vesicles (e.g. phagosomes). Such
activation of the NADPH-oxidase in phagocytes has been shown
after interaction with intact mycobacteria or cell wall structures
from mycobacteria [14–17].

In the present study, purified PGLs from four mycobacterial
strains differing in carbohydrate specificity (M. bovis BCG,
M. kansasii, M. marinum,andM. tuberculosis) were investigated
with respect to their capacity to induce activation of the NADPH-
oxidase in human neutrophils.

MATERIALS AND METHODS

Preparation of mycobacterial cell wall glycolipids
Phenolic glycolipids fromM. bovis BCG Danish substrain,M.
kansasiiATCC 12478 type strain,M. marinumATCC 927 type
strain andM. tuberculosisMNC 1485 (Canetti strain) were pre-
pared as described [5,18,19]. In short, nonpolar lipids were
extracted from a dried bacterial biomass of 2–5 mg using a
biphasic mixture of equal amounts of methanolic saline (10 ml
0·3% aqueous NaCl added to 100 ml methanol) and petroleum
ether (b.p. 60–808C). The solvent and bacterial solution was mixed
on a tube rotator for 15 min and the petroleum ether layer (top
phase) was removed and evaporated to dryness at room tempera-
ture under nitrogen. The phenolic glycolipids were purified by two-
dimensional preparative thin-layer chromatography (TLC) using
petroleum-ether: ethyl acetate (98 : 2 v/v, thrice) in the first direc-
tion and petroleum-ether: acetone (98 : 2 v/v, once) in the second
direction [5,18,19].

The glycosyl units of the PGLs used in this study contain
between one and four monosaccharides of arabinohexose, fucose,
or rhamnose, substituted with different number of methyl groups.
TheM. kansasiiPGL contains a tetrasaccharide, theM. tuberculosis
PGL contains a trisaccharide, while theM. marinumPGL and theM.
bovisBCG PGL both contain a monosaccharide [2–7] (Table 1).

Coating of microtitre plates with mycobacterial glycolipids
The PGLs were dissolved in aqueous ethanol (70%), heated to
788C for 100 min, and diluted in a mixture (1 : 1 v/v) of phosphate
buffered saline (PBS) and ethanol (62·2% ethanol final concen-
tration). The lipids (100ml of various concentrations) were added
to microtitre plate wells (nontransparent rigid styrene; Micro-
FLUOR, Dynatech Laboratories, USA) and incubated over night
at room temperature in a humid chamber. The wells were washed
three times with PBS supplemented with bovine serum albumin
(BSA; 1% w/v) before use.

The coating concentration of the PGLs was 10mg/ml, if not
stated otherwise.

Coating of latex beads with PGL
Latex beads (2·6×109 beads; 3mm in diameter) were washed twice
in PBS and resuspended in 100ml PBS/ethanol (1 : 3 v/v) contain-
ing M. tuberculosisPGL (50mg/ml). The beads were incubated
with PGL over night at room temperature, washed twice with PBS
supplemented with BSA (1% w/v), and resuspended in PBS to a
concentration of 5×108 per ml. Latex beads coated with BSA (1%
w/v) were used as a control.

Isolation of neutrophils
Neutrophils were isolated from buffy coats obtained from healthy
blood donors at the Sahlgrenska’s Hospital, Go¨teborg. After
dextran sedimentation at 1g, hypotonic lysis of the remaining
erythrocytes, and centrifugation on a Ficoll–Pacque gradient to
remove mononuclear cells [20], the neutrophils were washed twice
and resuspended (5×106 per ml) in Krebs-Ringer phosphate buffer
containing 10 mM glucose, 1 mM Ca2þ, and 1·5 mM Mg2þ (KRG;
pH 7·3). The cell suspension was stored on melting ice and used
within 4 h of preparation. The responsiveness of the cell prepara-
tions were routinely checked using the neutrophil activating peptide
formyl-methionyl-leucyl-phenylalanine (fMLP; 10¹7

M final con-
centration) and the extracellular chemiluminescence response
(peak value) was always approximately 30 light units (RLU).

Neutrophil respiratory burst measurement
The NADPH-oxidase activity was measured using a luminol/
isoluminol-amplified chemiluminescence (CL) system. Two dif-
ferent luminometers were used. A Luminoskan (Labsystem, Hel-
sinki, Finland) apparatus was used to follow the activity in the solid
phase microtitre plate system, whereas a six channel Biolumat LB
9505 (Berthold Co., Wildbad, Germany) was used to follow the
activity during neutrophil interaction with lipid coated latex beads
[21–23]. The results obtained in the Luminoskan are given in
arbitrary units and by the Biolumat in counts per minutes (cpm).

To measure the total amount of generated reactive oxygen
radicals, neutrophils (2·5×105 per well) were mixed with horse-
radish peroxidase (HRP; 4 U), luminol (56mM), and KRG in a total
volume of 200ml. In order to differentiate between intracellularly
and extracellularly produced oxygen metabolites, two different
reaction mixtures were used. The CL system used for measurement
of intracellularly generated oxygen metabolites contained neutro-
phils (2·5×105 per well), luminol (56mM), superoxide dismutase
(SOD; a membrane-impermeable scavenger of O2

¹; 50 U/ml), and
catalase (a membrane-impermeable scavenger of H2O2; 2000 U/
ml) [23]. The CL system for detection of the extracellularly
released reactive oxygen radicals contained HRP (4 U), neutrophils
(2·5×105/well), and isoluminol (a membrane-impermeable CL
substrate; 56mM), all in KRG [24].
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Table 1. Sugar units of the four phenolic glycolipids investigated

Taxon Glycosyl units→ Lipidcore→

M. kansasii 2,6-dideoxy-4-O-Me-arabinohexose(1→ 3)2-O-Me-fucose(1→ 3)2-O-Me-rhamnose(1→ 3)2,4-O-Me2-rhamnose(1→)phenolphthiocerol
dimycocerosates

M. tuberculosis 2,3,4-O-Me3-fucose(1→ 3)rhamnose(1→ 3)2-O-Me-rhamnose(1→)phenolphthiocerol dimycocerosates
M. marinum 3-O-Me-rhamnose(1→)phenolphthiocerol dimycocerosates
M. bovisBCG 2-O-Me-rhamnose(1→)phenolphthiocerol dimycocerosates

Adapted from [3].



Degradation of the sugar moiety
To determine the involvement of the PGL carbohydrate moieties in
the neutrophil interaction,M. tuberculosisPGL coated on micro-
titre plates was oxidized with sodiummeta-periodate (50 mM;
0·1 ml/well) in the dark at room temperature for 16 h [4,7,25,26].
The plates were washed three times with PBS supplemented with
BSA (1% w/v) before use. The control plates were treated the same
way, but in the abscence of sodiummeta-periodate.

Inhibition of the interaction between neutrophils and
M. tuberculosisPGL
To evaluate which monosaccharide in theM. tuberculosisPGL that
could be responsible for the neutrophil activation,L-rhamnose and
methyl-b-L-fucopyranoside, respectively, were added to the
microtitre wells (concentrations up to 100 mM were tested) together
with neutrophils (2·5×105/well). The production of oxygen meta-
bolites was measured by luminol-amplified chemiluminescence
(CL).

To evaluate if the PGLs bind and activate the neutrophils
through complement receptor 3 (CR3; CD11b/CD18),a-methyl-D-
mannoside (10–150 mM final concentration [27–31]),N-acetyl-D-
glucosamine (NAG; 10–100 mM final concentration [27,31]), or
the tripeptide Arg-Gly-Asp (RGD-peptide; 250 mM final concen-
tration [32,33]); were added to the microtitre wells together with
the neutrophils (2·5×105 per well). The production of oxygen
metabolites was measured by luminol-amplified CL.

Mobilization of neutrophils granules
Neutrophils that exist in a primed state respond to a certain stimulus
in an enhanced fashion as compared to unprimed cells [34]. Such
primed cells have usually mobilized part of their granules to the cell
surface and thus expose an increased amount of receptor structures
[35–37]. Here, neutrophils were primed to different extents by use
of two different mobilization procedures. One cell population was
incubated at 378C for 30 min without any additive. The other cell
population was incubated for 10 min at 158C with the chemoattrac-
tant fMLP (10¹7

M final concentration) and then transferred to a
heated water bath (378C) for another 5 min incubation. This protocol
mobilizes the granules without inducing any activation of the
NADPH-oxidase [37,38]. The cells were washed once and resus-
pended to 5×106 cells/ml in KRG and put on ice until use.

Reagents
Catalase, SOD, and HRP were acquired from Boehringer-
Mannheim (Mannheim, Germany). Dextran and Ficoll–Pacque
were obtained from Pharmacia Fine Chemicals (Uppsala,
Sweden). Luminol, isoluminol, cytochalasin B, latex beads,
fMLP, Arg-Gly-Asp, a-methyl-D-mannoside, NAG,L-rhamnose,
methyl-b-L-fucopyranoside, and BSA were obtained from Sigma
(Sigma Chemical Co., St Louis, MO, USA). Sodiummeta-period-
ate was acquired from Merck (Darmstadt, Germany).

RESULTS

Neutrophil NADPH-oxidase activity induced by mycobacterial
PGL
The mycobacterial PGLs were analysed regarding their capacity
to activate the neutrophil NADPH-oxidase. The PGLs from
M. tuberculosisandM. kansasiiinduced a substantial increase in
NADPH-oxidase activity (Fig. 1), while no superoxide anion
production was obtained in response toM. bovis BCG or

M. marinum PGLs (Fig. 1). The amount of superoxide anion
formed upon interaction withM. tuberculosisor M. kansasii
PGLs was dependent on the coating concentration, but no further
increase was obtained with coating concentrations higher than
10mg/ml of PGL (Fig. 2).

Role of the PGL carbohydrate moiety
Since the differences between the PGLs tested lies in their suger
moieties (Table 1), we investigated whether the carbohydrate
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Fig. 1. Neutrophil NADPH-oxidase activity triggered by mycobacterial
PGL. (a) The time-courses of the neutrophil responses induced byM.
tuberculosisPGL (A), M. kansasiiPGL (B), M. bovisBCG PGL (W), and
M. marinum PGL (X), are given. The responses were measured with
luminol and HRP in microtitre wells coated with PGL (coating concentra-
tion of 10mg/ml). Abscissa, time (min); ordinata, chemiluminescence
(arbitrary units). (b) The mean peak value (þ SD) of five (M. bovisBCG;
u andM. marinum; D PGL) and 10 (M. tuberculosis; A andM. kansasii; B
PGL) experiments. Ordinata, CL (arbitrary units).



moeityof thePGLs is responsible for neutrophil activation. One of the
activating PGLs (M. tuberculosis) was pretreated with sodiummeta-
periodate. The cellular production of reactive oxygen radicals was
reduced following this treatment (Fig. 3), indicating that an intact
oligosaccharide was crucial for the PGL activation of neutrophils.

Effect of monosaccharides
TheM. tuberculosisPGL contains fucose and rhamnose. To further
evaluate how the carbohydrate moiety of the PGL takes part in

the activation of the neutrophils,L-rhamnose or methyl-b-L-
fucopyranoside, respectively, were added together with neutrophils
to wells coated withM. tuberculosisPGL. Neither of these sugars
could inhibit the PGL-induced production of oxygen metabolites
(Fig. 4). Concentrations higher than 3 mM of the monosaccharides
inhibited the responses unspecifically, as shown by the fact that also
direct activation of the oxidase with the protein kinase C-agonist
phorbol myristate acetate (PMA) was inhibited to the same extent.

Effect of CR3 inhibitors
Earlier studies have shown that the complement receptor 3 (CR3;
CD11b/CD18, Mac-1) can be involved in the uptake of myco-
bacteria by phagocytes [28,39]. The influence of three different
CR3 inhibitors (a-methyl-D-mannoside, NAG, and the tri-peptide
Arg-Gly-Asp in concentrations known to inhibit CR3-mediated
functions [31,33]) on the neutrophil–PGL interaction was investi-
gated. None of these compounds could inhibit the PGL induced
production of oxygen metabolites (data not shown).

Subcellular localization of the superoxide anion production
Oxygen metabolites can be produced from the NADPH-oxidase in
intracellular compartments (e.g. phagosomes) or be released from
the cell when produced by the plasma membrane-localized
NADPH-oxidase [40–42]. When coated on a surface,M. tubercu-
losis PGL induced an extracellular release of reactive oxygen
metabolites, while much less superoxide anion was detected
intracellularly (Fig. 5). When neutrophils were allowed to interact
with PGLs coated on latex beads, mimicking a phagocytosable
prey, reactive oxygen radicals were produced intracellularly
(Fig. 5).
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Fig. 2. Neutrophil NADPH-oxidase activity triggered by PGL fromM.
tuberculosisand M. kansasii, respectively. The time-courses of the neu-
trophil responses induced by (a)M. tuberculosisPGL or (b)M. kansasii
PGL are given. The responses were measured with luminol and HRP in
microtitre wells coated with PGL at coating concentrations of 0·1mg/ml
(X), 10mg/ml (A), or 30mg/ml (B). Abscissa, time (min); ordinata,
chemiluminescence (arbitrary units).

Fig. 3. Effect of sodium meta-periodate treatment on the neutrophil
NADPH-oxidase activity triggered byM. tuberculosisPGL. The figure
shows the time-course of the CL response induced by periodate-treated (B)
or untreated (A) M. tuberculosisPGL (coating concentration 10mg/ml).
The responses were measured in the presence of luminol and HRP.
Abscissa, time (min); ordinata, chemiluminescence (arbitrary units). The
inset shows the mean peak value (þ SD) of three experiments.



Role of the cytoskeleton
The role of the neutrophil cytoskeleton in the PGL interaction with
neutrophils was investigated by adding cytochalasin B (a fungal
metabolite that blocks actin filament formation) to the assay
system. Cytochalasin B abolished the production of oxygen meta-
bolites (Fig. 6), indicating that an intact cytoskeleton is a pre-
requisite for the PGL-induced activation of the neutrophil
NADPH-oxidase.

Effect of granule mobilization
Neutrophils with mobilized granules, induced either through a 30-
min preincubation at 378C or by preincubation with the chemoat-
tractant fMLP, were challenged with theM. tuberculosisPGL
coated on a surface. We have earlier shown that these protocols
results in a primed neutrophil response to other stimuli, including
chemotactic peptides and the lectin galectin-3 [34–37]. No effect
of the priming procedures was obtained when the cells were
challenged with PGL, i.e. the response induced in the primed
neutrophils equaled that of ‘unprimed’ control cells (data not
shown).

DISCUSSION

The M. tuberculosisPGL and M. kansasii PGL induced an
oxidative burst in neutrophils, while PGL fromM. marinumand
M. bovisBCG did not. Since the lipid core is similar in all four
PGLs [3], the carbohydrate part is most likely responsible for the
differences in response. To evaluate the importance of the sugar
moiety for the PGL activation of the neutrophil NADPH-oxidase,

M. tuberculosisPGL were treated with sodiummeta-periodate,
which degrades the sugar part [4,7,25,26]. Degradation of the
carbohydrate resulted in a reduced oxidative response, indicating
that the sugar moiety is of crucial importance. TheM. kansasii
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Fig. 5. Extra- and intracellular NADPH-oxidase activity triggered by PGL
from M. tuberculosis. The figure shows the time-course of the CL responses
in neutrophils induced byM. tuberculosisPGL coated on a surface as
measured by a Luminoskan (a) or coated on latex beads as measured by a
six channel Biolumat LB 9505 (b). Coating concentration (a) 10mg/ml and
(b) 50mg/ml. The intracellular responses to PGL (B) were measured in the
presence of SOD, catalase, and luminol, while the extracellular responses to
PGL (A) were measured in the presence of HRP and isoluminol. In (b) the
intracellular (V) and extracellular response (S) to control latex beads is
included. Abscissa, time (min); ordinata, chemiluminescence. (a) Arbitrary
units, (b) Mcpm). The insets show the mean peak value (þ SD) of three
experiments.

Fig. 4. Effect of monosaccharides on the superoxide anion production in
human neutrophils induced byM. tuberculosisPGL. The figure shows the
mean peak value (þ SD) of the CL responses induced byM. tuberculosis
PGL (coating concentration 10mg/ml) in the absence (A) or presence of
3 mM rhamnose (B) or fucose (D). The responses were measured in the
presence of luminol and HRP. Ordinata, chemiluminescence (arbitrary
units).



PGL, containing a tetrasaccharide, induced a larger response than
the M. tuberculosisPGL, which contains a trisaccharide. The
M. tuberculosistrisaccharide is similar to the three internal mono-
saccharides of theM. kansasii tetrasaccharide, but differs in
methylation [2,4,6,7]. The PGLs fromM. marinumandM. bovis
BCG, which were not able to activate the neutrophil NADPH-
oxidase, both contain a monosaccharide (methyl-rhamnose) differ-
ing from each other in the position of the methylation [5,7]. The
difference in capability of activating neutrophils can thus depen-
dent either on the length of the carbohydrate part of the PGL or on
the identity of the sugar. To test this, we attempted to inhibit the
production of oxygen metabolites withL-rhamnose or methyl-b-L-
fucopyranoside since both of the activating PGLs have rhamnose
and fucose as part of their oligosaccharides. These two mono-
saccharides were, however, not capable to inhibit the oxidative
response. Whether this is due to different substitutions on the
monosaccharides or an elongated binding site in the neutrophil
receptor, needing an oligosaccharide for binding, cannot be deter-
mined from these experiments.

Earlier studies have shown that CR3 (CD11b/CD18, Mac-1)
may be involved in the binding and uptake ofM. tuberculosis
[28,39]. The CR3 contains two different binding sites, a peptide
binding site that can bind the tripeptide Arg-Gly-Asp and a lectin
site that binds carbohydrates. The sugar specificity of this lectin
site is broad, allowing it to bind polysaccharides containing
mannose orN-acetyl-D-glucosamine, as well as glucose [31]. The
interaction between CR3 and a ligand can thus be inhibited either
by the peptide sequence Arg-Gly-Asp or by carbohydrates,

depending on which of the integrin attachment sites the interaction
involves. OpsonizedM. tuberculosisbinds CR3 at its C3 bi binding
site (the peptide site), whereas nonopsonizedM. tuberculosisbinds
with surface polysaccharides to the lectin site near theC-terminus
of the CR3a-chain (CD11b) [43,44]. We investigated whether
either of the CR3 binding sites was involved by adding the tri-
peptide Arg-Gly-Asp or either of the monosaccharidesa-methyl-
D-mannoside and NAG, using concentrations known to inhibit
CR3-mediated functions [27–33]. No inhibition of oxygen meta-
bolite production was detected, indicating that CR3 is not involved
in the opsonin–independent interaction between the mycobacterial
PGL and neutrophils.

Many neutrophil receptors for bacteria and other stimulating
substances are localized in the membranes of intracellular orga-
nelles, granules, in resting neutrophils. Upon activation, e.g. during
the extravasation process, these receptors are mobilized to the
cell surface by fusion of the granules with the plasma membrane
[35–37]. To investigate whether the receptor structures mediating
the PGL-induced activation are granule localized, the granules
were mobilized prior to stimulation with the lipids. Since no
difference was seen between resting and mobilized neutrophils
regarding PGL interaction, we conclude that the receptor(s)
involved are present on the cell surface only.

The oxygen radicals produced after neutrophil interaction with
surface-adhered PGL was to a large extent extracellularly located
while much less superoxide anion was detected intracellularly.
These data support the concept of ‘frustrated phagocytosis’ [45],
i.e. when the PGLs are bound to a nonphagocytosable surface,
oxygen radicals leak from the unclosed ‘phagocytic’ compartment.
In the present study, the release of superoxide anion was the direct
consequence of the assay system, a conclusion based on the fact
that PGL coated on a phagocytosable particle induced intracellular
(phagosome-localized) production of oxygen metabolites.

The actin filament formation can be inhibited by the fungal
metabolite cytochalasin B [46,47]. The consequence of such an
inhibition is that phagocytosis is inhibited and oxidase activity and
granule secretion is elevated upon stimulation. When cytochalasin
B was added together with neutrophils to the PGL-coated surfaces,
the NADPH-oxidase activity was completely inhibited, indicating
that the cytoskeleton is involved in this interaction and that the
event in this aspect resembles a normal phagocytic engulfment of a
particulate prey.

The results of the present study indicate that the differences in
capability among the tested PGLs to activate neutrophils might be
due to the different number of monosaccharides presented. Thus,
the PGLs with only a monosaccharide might not bind to the
neutrophils efficiently enough. The importance of PGLs in the
intracellular survival of mycobacteria can only be speculated upon.
From a virulence point of view it may be an advantage for the
microbe to expose cell wall structures which are unable to activate
neutrophils. The organism might actually be able to conceal itself
under such a cover. Both increased and decreased oxygen meta-
bolite production have been shown in phagocytes after interaction
with different mycobacterial lipids, including PGLs [16,48].
Extended analysis of PGLs including the one ofM. leprae,
which contain a trisaccharide, would be of value in elucidating
their importance in mycobacterial pathogenesis. It would be
particularly interesting to study whether or not the different
PGLs have any priming or downregulatory effects on neutrophils
and how these capacities are related to the chemical features of the
PGLs.
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Fig. 6. Effect of cytochalasin B on the superoxide anion production in
human neutrophils induced byM. tuberculosisPGL. The time-course of the
CL response induced byM. tuberculosisPGL (coating concentration 10mg/
ml) in the absence (B) or presence (A) of cytochalasin B (1mg/ml final
concentration) is shown. The responses were measured in the presence of
luminol and HRP. Abscissa, time (min); ordinata, chemiluminescence
(arbitrary units). The inset shows the oxidative response in neutrophils
preincubated with (broken line) or without (solid line) 1mg/ml cytochalasin
B and subsequently stimulated with fMLP (10¹7

M final concentration).
Abscissa, time (min); ordinata, CL (Mcpm).



ACKNOWLEDGEMENTS

This study was supported by Oscar II’s Jubilee Fund of Swedish Heart and
Lung Foundation (M.R.), the Swedish Medical Research Council (C.D.),
the King Gustaf V 80-year Foundation (C.D.), and the Fredrik and Ingrid
Thuring Foundation (A.K.). J.F. is supported by a PhD grant from Oscar II’s
Jubilee Fund of Swedish Heart and Lung Foundation. A.M.S.A. is a PhD-
student supported by the Goverment of the United Arab Emirates.

REFERENCES

1 Rook GAW, Bloom BR. Mechanism of pathogenesis in tuberculosis.
In: Bloom BR, ed. Tuberculosis. Washington, DC: ASM Press,
1994:485–501.
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