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Abstract Pathogenic Mycobacteria colonize host macrophages. Attachement of these organisms to macrophages is the preliminary step prior to 
invasion of the macrophages by the bacteria. Western blot confirmed that walls of Mycobacterium avium and Mycobacterium tuberculosis contain 
molecules which are immunologically related to mycotin, a lectin found in Mycobacterium smegmatis. We have demonstrated that the adherence of 
Mycobacteria to macrophages is significantly inhibited by antiomycotin antibody or the mycotin-specific sugar, mannan. These observations suggest 
that prevention of the interaction of mycotin-related molecules on the surfaces of Mycobacteria with mannose-specific receptors on macrophages, 
offers an important approach for blocking attachment of pathogenic Mycobacteria to macrophages, thereby preventing infection. 

Key words." Mycotin; Mycobacteria;  Macrophage;  Mannan;  Adhesion; Lectin 

1. Introduction 

Mycobacterial  infections (leprosy, tuberculosis and AIDS-  
associated Mycobacterium avium infection) pose an ever-in- 
creasing threat due to the emergence of  multi-drug resistant 
strains and the susceptibility of  A I D S  patients to M. tuberculo- 
sis and M. avium infections. The need to develop new strategies 
for the prevention of  infection by all these mycobacterial  path- 
ogens that proliferate within the host  macrophages [1] persists. 
Since adhesion o f  pathogens to the host cell surface is the first 
and most crucial step in the entry o f  the pathogen inside the 
host  cell, this represents one of  the targets for designing better 
chemotherapeutic  approaches towards combatt ing such infec- 
tions. The importance of  lectins in mediating adherence to 
surfaces colonized by microorganisms, has been amply docu- 
mented in recent times [2]. We have previously reported the 
characterization o f  an extracellular lectin from the cultivable 
strain M. smegmatis [3]. 

The lectin was of  Mr 12-14 kDa  and was specific for mannan.  
The present report  demonstrates for the first time the involve- 
ment  of  this lectin in Mycobacteria-macrophage interaction. 

2. Materials and methods 

2.1. Strains and media 
All Mycobacteria strains except M. leprae were grown in Middle- 

brook 7H9 broth containing ADC supplement. M. leprae was obtained 
from tissues of patients at the School of Tropical Medicine, Calcutta. 

2.2. Purification of lectin 
M. smegmatis lectin, hereinafter called mycotin, was purified as de- 

scribed before [3]. 
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Abbreviations." ADC, albumin-dextrose-catalase; IFA, incomplete Fre- 
und's adjuvant; DPBS, Dulbecco's phosphate-buffered saline; FCS, 
fetal calf serum; ELISA, enzyme-linked immusorbent assay; OPD, 
O-phenylenediamine. 

2.3. Isolation of cell walls of M. smegmatis 
Cells of M. smegmatis were sonicated for 15 rain at 250 W using a 

sonicator (Labsonic 2000, B. Braun, Germany). Unbroken cells were 
pelleted by centrifugation at 1,000 x g for 10 min twice, and at 2,500 x g 
for 40 min. Supernatants were further centrifuged at 5,000 x g for 
40 rain and cell walls were prepared from pellet as described by Nikaido 
et al. [4]. 

2.4. Immunochemical detection of mycotin-relatedmolecules on the cell 
surface of Mycobacteria 

Microtitre wells were coated with bacteria (106) overnight at 40C. 
The load of adherent bacteria in the microtitre wells was measured as 
described earlier [5]. Anti-mycotin antibody, raised in rabbit, was then 
used to detect the presence of mycotin-like molecules by standard 
ELISA techniques. Cells of Escherichia coli and Shigella dysenteriae 
were used as negative controls. 

2.5. Adherence of mycotin to mouse peritoneal macrophages 
Monolayers of macrophages (2.5 x 104) were prepared in each well 

of the microtitre plate by incubating them for 1 h at 37"C in a CO2 
incubator. Non-adherent cells were removed by washing with RPMI 
1 640. Adherence of mycotin to macrophages was studied by incubating 
the macrophages with varying doses of mycotin either in the presence 
or absence of mannan (or other sugars) for 1 h either at 4°C or at 37 ° C. 
Monolayers were then fixed with methanol. Mycotin molecules bound 
to macrophages were detected by incubating with rabbit anti-mycotin 
antibody in 5% BSA containing 10/zg of human IgG (Pierce) per ml 
(to block the Fc receptors of the macrophages) by standard ELISA 
techniques using peroxidase-conjugated second antibody and o-phen- 
ylenediamine as substrate. Controls consisted of wells without mycotin. 
and anti-mycotin antibody or conjugated goat antibody each added 
directly to macrophages alongwith human IgG as described above. 

2.6. Adherence of bacteria to mouse peritoneal macrophages 
Monolayers of macrophages (2.5 x 104 per well) in microtitre plates 

were incubated with bacteria (2 x 10 ? in 100/zl) for 30 min at 4°C. The 
monolayers were then washed with RPMI 1640 to remove unattached 
bacteria and fixed with methanol [6], followed by ELISA as described 
above, using anti-M, smegmatis cell wall antibody as the first antibody. 
To study the effect of anti-mycotin antibody or mannan, bacteria were 
preincubated for 30 min at 37°C with anti-mycotin antibody or man- 
nan, washed thoroughly and then added to wells containing murine 
macrophages, Treatment of bacteria with anti-mycotin antibody was 
also carried out in the presence of varying concentrations of mycotin, 
in order to study the ability of mycotin to inhibit the binding of anti- 
mycotin antibody to bacteria. The procedure followed to study the 
attachment was the same as described above. Negative controls were 
performed by incubating bacteria with pre-immune sera or non-inhib- 
itory sugars like glucose, galactose, dextran and fucose. 
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2. 7. Western blotting 
Cell wall components, solubilized with 2% sarkosyl, were run on 10% 

SDS gels. Western blotting was performed using anti-mycotin anti- 
body, according to the method of Towbin et al. [7] with peroxidase- 
conjugated second antibody and 4-chloro-l-napthol as the colour de- 
velopment reagent. 

3. R ~  

The presence of  molecules immunologically related to my- 
cotin was studied by ELISA using anti-mycotin antibody fol- 
lowing attachment of  bacteria to microtitre wells. All five spe- 
cies, M. smegmatis, M. tuberculosis, M. leprae, M. kansasii and 
M. avium, were found to contain molecules immunologically 
related to mycotin on the cell surface (Fig. 1). In contrast, 
non-mycobacterial  species e.g. Shigella dysenteria and Escher- 
ichia coli did not show the presence of  any mycotin-related 
molecules. 

As a preliminary step towards determining whether mycotin 
was in any way involved in the binding of  Mycobacteria to 
macrophages, the at tachment of  mycotin to murine macroph- 
ages was studied by ELISA.  Mycotin was found to bind to 
macrophages in a dose-dependent manner  (Fig. 2). Binding of  
mycotin to macrophages at 4°C, were similar to those obtained 
at 37°C (Fig. 2a,b), suggesting that there is no internalization 
of  mycotin by macrophages at 370C. Binding was completely 
inhibited by mannan,  at a concentration of  80/ tg.  m1-1 (Fig. 3). 
This obviously suggested that macrophages probably contain 
glycoconjugate receptor(s) capable of  binding mycotin, and 
opened up the possibility that mycotin is at least one of  the 
determinants of  at tachment of  Mycobacteria to macrophages. 
The binding of  mycotin to macrophages however, could not  be 
inhibited when mycotin was preincubated with non-specific 
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Fig. 1. Detection of mycotin-related molecules on cell surfaces of differ- 
ent species of Mycobacteria. Bacteria were attached to microtitre plates 
and the presence of mycotin-related molecules on the cell surface was 
measured using anti-mycotin antibody and conventional ELISA. Re- 
sults represent the mean of three separate determinations with separate 
samples of bacteria. All assays were performed in triplicate. Error bars 
indicate standard deviations from the mean. a, b, c, d, e, f and g 
represent data obtained for M. smegmatis, M. tuberculosis, M. leprae, 
M. kansasii, M. avium, E. coli and S. dysenteriae, respectively. 
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Fig. 2. Dose dependence of binding of mycotin to macrophages. Mac- 
rophages were attached to microtitre plates. Mycotin at different con- 
centrations was added to the wells and incubated in presence (o-o) or 
absence (~-o) of mannan either at 37°C (a) or at 4°C (b) for 1 h. 
Unbound mycotin was washed, and the monolayers were fixed with 
methanol. Bound mycotin was assayed by ELISA. Binding of anti- 
mycotin antibody directly to macrophages was < 5% of the value ob- 
tained in the presence of mycotin. Results represent the mean of three 
separate determinations using separate samples of macrophage. All the 
assays were performed in triplicate. Error bars indicate standard devi- 
ations from the mean. 

sugars such as dextran, glucose, galactose and fucose (data not 
shown). 

Ant ibody against the cell wall of  M. smegmatis was found to 
cross-react with all species of  Mycobacteria tested and was 
subsequently used for detection of  adherence of  these species 
to macrophages. All four species of  Mycobacteria were found 
to adhere to macrophages (Fig. 4), and the adherence was 
inhibited in all the cases with mannan and anti-mycotin anti- 
body. In contrast, no inhibition was found when the bacteria 
were preincubated with pre-immune sera or  other soluble sug- 
ars like dextran and glucose. The inhibition with mannan which 
is specific for mycotin, was 68%, 88%, 89% and 98% in the case 
of  M. smegmatis, M. tuberculosis, M. avium and M. kansasii 
respectively (Fig. 5A). A similar experiment, performed only 
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Fig. 3. Inhibition of the attachment of mycotin to macrophages by 
mannan. The attachment of mycotin to macrophages as described in 
Fig. 2, was carded out in the absence or presence of different concentra- 
tions of mannan. 0.6/zg of mycotin was used in each assay. The result 
obtained in the absence of mannan was taken to be the control value. 
Results represent the mean of three separate determinations with three 
separate samples of macrophage. All the assays were performed in 
triplicate. Errors bars indicate standard deviations from the mean. 

once with M. leprae, showed 42% inhibition. The data con- 
firmed that the interaction of mycotin with a mannose-contain- 
ing glycoconjugate receptor is probably one of the determinants 
of adhesion of the mycobacterial species to macrophages. The 
dose-dependent inhibition by mannan (Fig. 5B) showed 70% 
inhibition at a concentration of 0.2 mg. m1-1. No further inhibi- 
tion was obtained by increasing the concentration of mannan. 
Anti-mycotin antibody inhibited adherence to macrophages to 
the extent of 50%, 66%, 87% and 67% in the case of M. smeg- 
matis, M. tuberculosis, M. avium and M. kansasii respectively 
(Fig. 4). 

In the single experiment performed with M. leprae, the inhi- 
bition was 21%. Dose-dependence studies of the inhibition of 
binding of M. smegmatis to macrophages, by anti-mycotin an- 
tibody showed that a maximum inhibition of 80% was obtained 
when the antibody was used at a dilution of 1 : 75 (Fig. 5A). The 
ability of anti-mycotin antibody to inhibit the binding of 
M. smegmatis to macrophages was completely abolished when 
mycotin (80 ~/g-m1-1) was added in the incubation mixture 
containing bacteria and anti-mycotin antibody. In contrast no 
inhibition was obtained when the bacteria were incubated with 
non-inhibitory sugars like dextran, glucose, or with pre-im- 
mune sera. It may be assumed that mycotin acts competitively 
with cell surface mycotin-like molecules for binding to anti- 
mycotin antibody, thereby abolishing the effect of anti-mycotin 
antibody of inhibiting the adherence of bacteria to macro- 
phage. 

Anti-mycotin antibody gave only one positive band in West- 
ern blots using cell wall protein of M. avium (67 kDa) and 
M. tuberculosis (35 kDa) (Fig. 6). Negative controls were per- 
formed with cell walls of E. coli and S. dysenteriae, in which 
cases no bands developed (data not shown). This experiment 

was not performed with M. leprae due to paucity of material. 
In the case of M. kansasii, sufficient cell wall protein could not 
be obtained due to poor efficiency of cell breakage. The dispar- 
ity in the size of the positive bands obtained in Western blots 
suggests that mycotin carrying the carbohydrate-binding epi- 
tope, possibly represents a protein, imunologically related to 
larger cell wall proteins. 

4. Discussion 

One of the steps which merits consideration as a target for 
developing new approaches for combatting Mycobacteria- 
caused diseases, is the primary step of attachment of the bacte- 
ria to the host cell surface. Interest in this approach was en- 
hanced by our finding that the fast growing Mycobacterium, 
M. smegmatis secretes an extracellular lectin [3]. Existing re- 
ports have shown that the integrin receptor ~f13 on monocytes 
and monocyte-derived macrophages binds to M. avium-M, in- 
tracellulare in the absence of complement [8,9]. Evidence has 
also been provided for binding of M. tuberculosis to three types 
of receptors on human macrophages: complement receptor 3, 
fibronectin receptors and mannoside receptors [10-12]. A fi- 
bronectin receptor has been purified from M. vaccae [13]. Al- 
though lectins have been implicated in the attachment of several 
bacterial species to macrophages [2,14] our studies demonstrate 
for the first time, the novel involvement of lectin-like proteins 
on the cell surface of Mycobacteria and identify lectin-sugar 
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Fig. 4. Adherence of Mycobacteria to macrophages and inhibition of 
adherence by mannan or anti-mycotin antibody. Macrophages were 
attached to microtitre plates. Bacteria were bound to macrophages at 
4°C for 30 min, followed by washing and fixing of the monolayers with 
methanol. Bound bacteria were detected using anti-M, smegmatis cell 
wall antibody. Treatment of bacteria with mannan (0.2 mg-ml -j) or 
anti-mycotin antibody (dilution of 1 : 250) prior to binding to macroph- 
ages was carried out as stated under methods. Results represent the 
mean of three separate determinations with separate samples of bacte- 
ria and macrophages. All assays were performed in triplicate. Error 
bars represent standard deviations from the mean. Groups A, B, C and 
D represent data obtained for M. smegmatis, M. tuberculosis, M. avium 
and M. kansasii, respectively, e/z, untreated bacteria; ~ ,  bacteria 
treated with preimmune sera; B ,  anti-mycotin; t:z3, mannan and ~ ,  
glucose. Binding of anti-cell wall antibody or conjugated goat antibody 
directly to macrophages was < 3% of the value obtained when bacteria 
were added to macrophages. 
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Fig. 5. (A) Dose dependence of inhibition of binding of M. smegmatis to macrophages by anti-mycotin antibody. Inhibtion was studied as described 
in Fig. 4. Results represent the mean of three separate determinations with separate samples of bacteria and macrophage. Assays were performed 
in triplicate. Error bars represent standard deviations from the mean. 1,2, 3, 4, and 5 represent anti-mycotin antibody at dilutions of I : 10,000, 1 : 1,000, 
1:250,  1:150 and 1:75, respectively. Results obtained with untreated bacteria were taken as control values. (B) Dose dependence of inhibition of 
binding of M. smegmatis to macrophages by mannan. Binding of bacteria to macrophages was studied as described in Fig. 4. Results represent the 
mean of three separate determinations with separate samples of bacteria and macrophage. All the assays were performed in triplicate. Error bars 
represent standard deviations from the mean. 1, 2, 3, and 4 represent mannan used at concentrations of 0.002, 0.02, 0.2 and 2 mg'm1-1, respectively. 
Results obtained with untreated bacteria were taken as control values. 

interactions as a means o f  at tachment of  pathogenic Myco- 
bacteria to macrophages.  Western blots confirmed the presence 
of  two mycotin-related proteins of  Mr 67,000 and 35,000 in M. 
aviurn and M. tuberculosis, respectively. The specificity of  
lectin-mediated at tachment was established by observations 
that preincubation of  the bacteria with mannan or  anti-mycotin 
antibody considerably inhibited binding of  the bacteria to the 
macrophages. The findings support  the view that mycotin or  
related-proteins play a potential role in mycobacterial  infec- 
tions. Intervention of  the mycot in-macrophage  interaction 
may open avenues for combat ing mycobacterial  diseases. This 
is particularly important  in view of  the ever increasing problem 
of  drug resistance in mycobacterial  infections. 
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Fig. 6. Lane A represents a Western blot of purified mycotin using 
anti-mycotin antibody. Lanes B, C and D represent similar Western 
blots of sarkosyl-solubilised cell wall proteins of M. tuberculosis, 
M. avium, and M. smegmatis, respectively. 
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