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Abstract t 

Thee mycobacterial cell wall contains potentially immunogenic (lipo)-

pol\saccharides.. These could serve as targets in diagnostic assays or  as targets for  new 

drugs.. To produce MAbs reacting with (lipo)-polysaccharides from M. tuberculosis, we 

immunizedd a total of 7 mice with 3 different (lipo)-polysaccharide fractions or  with 

purifie dd mannose-capped lipoarabinomannan (ManLAM) . Four  groups of MAbs were 

distinguishedd by their  reactivity pattern with purified (lipo)-polysaccharides from M. 

tuberculosistuberculosis in antibody capture ELISA and Western blot. Group A (w = 5) showed a 

broadd pattern and reacted with ManLAM , LAM with arabinofuranosyl-containing 

terminii  (AraLAM) , lipomannan (LM) , and arabinomannan. We found that these 

antibodiess also reacted strongly with Saccharomyces cerevisiae mannoprotein 

(previouslyy named mannan). This is the first  indication that M. tuberculosis (lipo)-

pohh saccharides share a common epitope with this surface-located mannoprotein from 

yeast.. MAbs from group B (« = 4) reacted with arabinogalactan and in Western blot a 

weakk reaction was seen with lipopolysaccharides present in a proteinase K treated 

Trito nn X-100 extract of M. tuberculosis. The two MAbs in group C reacted strongly with 

LMM  and weakly in ELISA and Western blot with ManLA M and AraLAM . The two 

MAb ss in group D reacted only weakly in Western blot with purified 

phosphatidylinositolmannosidess (PIM U ). In contrast to our  MAbs prepared against M. 

leprae,leprae, no MAbs specific for  AraLA M and ManLA M were identified. This suggests that 

immunizationn of BALB/c mice with M. tuberculosis selectively produced antibodies 

againstt  mannose motifs rather  than the arabinose motifs seen when M. leprae is the 

immunogen. . 

Introductio n n 

Tuberculosiss remains a threat to mankind. Rapid and accurate identification of new 

tuberculosiss cases and an optimal assessment of the response to treatment are essential 

componentss of any tuberculosis control program. There is an urgent need for new, simple and 

affordablee diagnostic tools that will lead to a reduction in laboratory workload, especially in 

thee developing world, where the tuberculosis burden is highest. Any test that is to replace 

directt microscopy must offer advantages in terms of speed and ease of use and preferably 

havee a higher sensitivity. Antigen detection assays are promising, since they do not require 

sophisticatedd equipment, yet enable the technician to test many samples simultaneously. 

92 2 



MAbsMAbs against M. tuberculosis lipopolysaccharides 

Assayss to detect mycobacterial antigens in body fluids were developed almost two 

decadess ago (3, 21). Mixed results have been obtained with small series of samples using 

undefinedd mycobacterial antigens (24, 33) or, more recently, defined mycobacterial antigens 

suchh as lipoarabinomannan (LAM) and the 45/47 kDa APA antigen (4, 6, 11, 25). 

LAMM is an ideal target for antigen detection assays. It is a major component of the 

mycobacteriall  cell wall, is resistant to proteolytic degradation and it is heat stable, so it is 

unaffectedd by heat inactivation of the mycobacteria in a clinical sample. Two different 

structuress of LAM exist, named AraLAM and ManLAM. In AraLAM the terminal 

polysaccharidee consists of two distinct arrangements: hexa-arabinofuranosides with the 

structuree [p-D-Ara/-(l-2)-a-D-Ara/-(l-]2-(3 and 5)-a-D-Ara/-(l-5)-a-D-Ara/~-, and linear 

tetra-arabinofuranosidess with the structure f3-D-Ara/-(l-2)-a-D-Ara/-(l-5)-a-D-Ara/-. In 

ManLAMM these terminal sugars are extensively capped with mannosyl residues either as a 

singlee a-D-Man/?, or as a dimannoside or trimannoside (5). Although these mannosyl residues 

weree thought to play an important role in the phagocytic process enabling the survival of 

virulentt M.tuberculosis strains in macrophages, these ManLAMs have also been found in 

attenuated,, a-virulent strains of M. tuberculosis (13, 28). 

Wee have described an assay based on the detection of LAM in sputum (20). In this 

antigenn capture ELISA a murine IgM monoclonal antibody (F30-5), raised against LAM from 

M.M. leprae, was used as capture antibody, with rabbit antiserum against Mycobacterium 

tuberculosistuberculosis (Rb8-106) as a source of detector antibodies. We were able to detect 

approximatelyy 1 ng purified LAM/ml . The detection limit in sputum pretreated with N-acetyl-

L-cysteinn and proteinase K was 104 M. tuberculosis whole cells per ml, which is comparable 

too the detection limit of direct microscopy (20). With the aim of improving the sensitivity of 

thee antigen capture ELISA, we have isolated and characterized several new monoclonal 

antibodies.. We used a lipopolysaccharide fraction of M. tuberculosis (recently isolated from a 

patient)) for immunization. We selected for the IgG class of immunoglobulins, since these tend 

too have a higher affinity than IgM class antibodies, and have more favorable physical 

properties.. The MAbs were characterized using different mycobacterial species and purified 

(lipo)-polysaccharides.. Our results suggest that immunization with M. tuberculosis results in a 

differentt set of MAbs than when M. leprae is used for immunization. 

Material ss and methods 

Cultur ee of M. tuberculosis. M. tuberculosis was grown for three weeks at 37°C in 

Sauton,, a protein-free medium (29). 
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Preparationn of Ag262, a proteinase K digest of a Trito n X-100 extract of M. 

tuberculosis. tuberculosis. 

Onee hundred ml of 0.5% Triton X-100 in 10 mM Tris-HCl pH 8 (extraction buffer) was 

addedd to 75 g wet weight of M. tuberculosis bacteria. The bacteria were killed by heating the 

suspensionn at 56°C for 1 hour. The extract was then placed on ice and sonicated (Branson 

250-Sonifier,, Branson Ultrasonics Corporation, Danbury, Connecticut, U.S.A.) in a cooled 

glasss jar closed with a rubber cap (MSE Scientific Instruments, Crawley, England), in two 

portionss for 15 min at 0°C. After centrifugation of the sonicate for 30 minutes at 48,000 x g 

andd 4°C, the supernatant was decanted and stored at 4°C. The pellet was resuspended in 100 

mll  extraction buffer and the extraction procedure was repeated twice. The supernatants were 

combinedd and centrifuged for 1 hour at 100,000 x g and 4°C. The supernatant was treated 5 

timess with 0.1 mg/ml proteinase K at 50°C for 6h to digest proteins. After application to a 1 

ml-ExtractiGell  D column (Pierce, Rockford, U.S.A.) to remove the Triton X-100, the 

carbohydratee content of the solution was assayed with the phenol/H2S04 reagent (7), using 

mannosee as standard. The solution contained 5 mg carbohydrate/ml and 300 ug protein/ml, 

andd was stored in aliquots at -70°C. 

Preparationn of lipopolysaccharide fractions Agl41, Agl70-5 and Agl70-6 from a 

Trito nn X-114 extract of M. tuberculosis. Two-hundred ml of 4% Triton X-l 14 was added to 

1200 g wet weight of M. tuberculosis bacteria and the suspension was sonicated for 30 

minutes,, followed by centrifugation at 18,000 x g and 4°C. The supernatant was collected and 

thee pellet was resuspended in 200 ml of 4% Triton X-114. This extraction-procedure was 

repeatedd 3 times, and the combined supernatants were placed overnight in a water-bath at 

37°CC for phase-separation, followed by centrifugation for 2 hours at 18,000 x g and 37°C (1, 

12).. The upper phase was carefully removed by suction using a peristaltic pump and the lower 

(detergent)) phase was washed 4 times with 200 ml of phosphate (7 mM) buffered saline (0.15 

M,, pH 7.4) (PBS) at 4°C and phase-separated at 37°C as described above. The resulting 

washedd detergent phase was called Agl41. Agl41 (90 ml) was precipitated with 900 ml of 

coldd acetone (-20°C). After incubation for 1 hour at -20°C and centrifugation for 30 minutes 

att 10,000 rpm, the precipitate was suspended in 10 ml of PBS followed by phenol extraction 

usingg 20 ml of phenol-saturated Tris buffer to remove residual proteins. The 

lipopolysaccharidess in the water-phase were separated by gel filtration chromatography as 

describedd by Prinzis and colleagues (22). Two gel filtration-fractions were used for selection 

off  new MAbs: Agl70-5, which contained mainly 30-43 kDa MW and some 18-26 kDa MW 

lipopolysaccharides,, and Ag 170-6, which contained mainly 18-26 kDa MW and some 30-43 

kDaa and <14 kDa MW lipopolysaccharides (Fig. la). Agl70-5 and Agl70-6 contained 1.5 

andd 1.6 mg carbohydrate/ml respectively. The protein content was below the detection limit. 
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(a)) silverstaining (b) Western blot with 
Agl70-5,, Agl70-6, Ag262 Rb8-106 
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FIG.. 1. Demonstration of the antigenicity of lipopolysaccharide fractions, (a) 13 % slab gel PAGE with 
silverstainingg of Ag 170-5 and Ag 170-6 (gelfiltration fractions of a Triton X-l 14 extract of M tuberculosis) and 
Ag2622 (a proteinase K digested Triton X-l00 extract from M. tuberculosis), (b) reactivity of rabbit anti-M 
tuberculosistuberculosis antibodies (Rb8-106) with the lipopolysacharide preparations Agl70-5, Agl70-6 and Ag262, and 
withh purified ManLAM (mannose capped lipoarabinomannan), AraLAM (arabinofuranosyl-containing LAM) , 
LMM (lipomannan) and PIM ]2 (phosphatidylinositol mono- and dimannosides). The position of the low 
molecularr weight markers is given under LMW. 

Preparationn of Ag239, a chloroform-methanol-water  extract of M. tuberculosis. A 

chloroform-methanol-waterr extract of 30 gram wet weight of M. tuberculosis was made as 

describedd by McNeil and colleagues (17). The water phase was dialyzed against PBS and 

usedd for immunization. 

Purifiedd ManLAM , AraLAM , LM , PIMi, 2, AM, AG. Mannose-capped 

lipoarabinomannann (ManLAM) and lipomannan (LM) from M. tuberculosis strain H37RV, 

phosphatidylinositoll  mannosides (PIM1.2, a mixture of monomannoside PIMi and 

dimannosidee PIM2) from M. bovis strain BCG and lipoarabinomannan (AraLAM) from a 

rapidlyy growing mycobacterial species were kindly provided by J. T. Belisle and P. J. 

Brennann (Department of Microbiology, Colorado State University, Fort Collins). 

Arabinomannann (AM) and arabinogalactan (AG) were kindly provided by M. Daffé, Institute 

dee Pharmacologic et Biologie Structurale, Toulouse, France. Saccharomyces cerevisiae 

mannoproteinn (previously named mannan) was obtained from Sigma (Sigma, St. Louis, MO 

USA). . 
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Antibodiess used. Monoclonal antibodies against LAM from M. leprae (F 30-5 

[IgM] ,, F26-4 [IgM] , F26-7 [IgM] (14, 31), Fl 16-4 [IgM] , and Fl 16-24 [IgG3] (18)) were used 

forr comparison with the new MAbs. Rabbit antiserum Rb8-106 against M. tuberculosis strain 

H37Raa (20) was used as detector in the antigen capture ELISA. Rb8-106 serum contains 

antibodiess against proteins of M. tuberculosis and ManLAM, AraLAM, LM, and PIM (Fig. 

lb). . 

Immunization.. BALB/c mice were immunized with Ag262, Agl41, Ag239 or 

purifiedd ManLAM. The immunization protocol is given in Table 1. On day 42 the mice were 

bledd and individual sera were tested in antibody capture ELISA with Ag262 and Agl70-5, 

andd in Western blot with Ag262, Agl 70-5 and Agl 70-6. 

Fusionn and selection. The spleen of the selected immunized BALB/c mouse was 

removedd 2 days after the booster injection with Ag262. Methods of hybridization and cloning 

havee been previously described (14, 32). A total of 11 plates were seeded with hybridomas. 

Hybridomaa supernatants were screened for antibody production by antibody capture ELISA 

andd Western blot (see below). Antibodies which reacted with E. coli sonicate in ELISA were 

consideredd of undesired specificity. Selection of hybridomas was based on strong positive 

reactionss in ELISA and Western blot to Ag262, Agl70-5 and Agl70-6, with a preference for 

classs G immunoglobulins. Selected clones were then grown in bulk and cultivated in the 

Integraa Celline system (INTEGRA CL 6-well or INTEGRA CL 350; Integra Biosciences, 

Wallisellen,, Switzerland) as described by the manufacturer. These enriched culture 

supernatantss were used in subsequent characterization experiments. The MAbs were coded as 

follows:: F(usion)183 - clone-number. 

Antibodyy capture ELISA. The antibody capture ELISA was performed as described 

earlierr (20). (Lipo)-polysaccharides or (myco)-bacterial sonicates (20) were coated at a 

concentrationn of 1 (ig carbohydrate/ml or 5 ug protein/ml, respectively. The hybridoma 

supernatantss were tested at a 1:5 dilution. The peroxidase-labeled goat anti-mouse IgG (heavy 

andd light chain; Jackson ImmunoResearch Laboratories, West Grove, Pennsylvania, USA) 

wass used at a 1: 2,500 dilution. 

Sodiumm dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). SDS-

PAGEE was done as previously described (29) on 13% or 15% (w/v) slab gels. The gels were 

eitherr stained by silver staining or used for immunoblotting. For silver staining 5 |ig 

carbohydratee per 4 mm slot was used, for immunoblotting 10 (ig carbohydrate per 4 mm slot. 

Silverr  staining. All steps were carried out with gentle shaking. After electrophoresis 

thee gels were placed overnight in a fixing solution containing 40% ethanol and 5% acetic 

acid.. After incubation for 5 minutes in 0.7% periodic acid in fixing solution, the gels were 

rinsedd 3 times for 20 minutes with milli Q water and stained with silver reagent (0.7% AgN03 
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inn 0.02M NaOH and 1.3% NH4OH) for 10 minutes. Then, the gels were rinsed again 3 times 

andd placed in developing solution containing 0.005% citric acid and 0.02% formaldehyde, 

untill  the staining had developed. The reaction was stopped with milli Q water. 

Westernn blot analysis. Antigens separated by SDS-PAGE were transferred to 

nitrocellulosee and used for immunoblotting as described previously (15). In each sheet the 

IgMM anti-LAM monoclonal antibody F30-5 was applied in one lane as a positive control. The 

sheetss or strips were incubated with either peroxidase-conjugated goat anti-mouse IgG (heavy 

andd light chain) (Jackson ImmunoResearch Laboratories) at a 1:2,500 dilution, or peroxidase-

conjugatedd goat anti-rabbit IgG (heavy and light chain) (Jackson ImmunoResearch 

Laboratories)) at a 1:10,000 dilution. 

Indirectt  immunofluorescensc of M. tuberculosis cells. Indirect immunofluorescense 

off  M. tuberculosis bacteria with MAb F183-3, MAb F30-5 and a non-relevant IgGl anti-

armadilloo MAb (F47-22) was performed as described by Verstijnen and coworkers (30). 

Antigenn capture ELISA. The antigen capture ELISA was done as described 

previouslyy (20), with slight modifications: 1. The purified MAbs (F183-3 and F30-5) were 

coatedd at a concentration of 5 |ig/ml, 2. the incubation time with antigen was reduced to 2h at 

37°C,, and 3. peroxidase-labeled goat anti-rabbit IgG (heavy and light chain) (Jackson 

ImmunoResearchh Laboratories) was used at a 1: 8,000 dilution. 

Results s 

Immunizationn with different extracts of M. tuberculosis or  purified ManLAM . 

Thee immunization protocol is given in Table 1. Mice immunized with Ag262 or Agl41 

reactedd similarly in ELISA with Ag262 and Agl70-5. The mouse immunized with Ag262 was 

chosenn for the fusion (F183), since the serum showed the strongest reaction (data not shown). 

Whenn Ag239, the water phase of a chloroform methanol water extract of M. tuberculosis, was 

usedd for immunization, only antibodies against proteins were found (data not shown). When 

purifiedd ManLAM was used as immunogen, no antibodies were produced against the (lipo)-

polysaccharidess present in Ag262 or Agl70-5. 

Fusionn and selection of clones. Table 2 summarizes the results after the first 

screeningg of the hybridomas in the ELISA. Eighteen % (135 of 760) of the hybridomas 

producedd antibodies against Ag262. Half of these reacted with Agl70-6, the fraction 

containingg mainly lipopolysaccharides with a MW of 18-26 kDa (Fig. la). Thirty % of the 

hybridomass reactive with Ag262 and/or Ag 170-6 were also reactive with Ag 170-5, the 

fractionn containing mainly lipopolysaccharides with a MW of 30-43 kDa (Fig. la). Of the 77 
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TABLEE 1. Immunization protocol for BALB/c mice. 

Antigenn nJ Firstt immunization Secondd immunization 

Ag262 2 

Agl41 1 

Ag239 9 

LAM d d 

2 2 

2 2 

2 2 

1 1 

Day y 

0 0 

0 0 

0 0 

0 0 

Amounth h 

150(6) ) 

185(54) ) 

80(18) ) 

10(0) ) 

Route e 

sc/ip p 

sc/ip p 

scc ip 

sc/ip p 

Dav v 

28 8 

28 8 

28 8 

28 8 

Amount' ' 

150 0 

185 5 

80 0 

10 0 

Route e 

ip p 

ip p 

ip p 

ip p 

161 1 

Booster r 

1750 0 

Fusion n 
183 3 
Day y 

163 3 

numberr of BALB/c mice immunized with this antigen preparation. 
amountt of carbohydrate in ug. value between brackets jig protein, emulsified in Freund's incomplete adjuvant. 

""  amount of carbohydrate in ug, in 200ul PBS. 
LAM ,, purified Mannose-capped lipoarabinomannan (ManLAM). 

Abbreviations:: sc, subcutaneous: ip. intra-peritoneal; _, not done. 

hybridomass with a strong reaction with Ag262 in ELISA, 36 were positive in Western blot 

withh Agl70-6. None of the reactions in Western blot resembled that of MAb F30-5, raised 

againstt M. leprae (Fig. 2, last lane). We selected for cloning those hybridomas with strong 

reactionss in ELISA and/or Western blot, preferring those producing class G 

immunoglobulins.. Finally 13 clones (Table 3) were grown in bulk and cultivated in the 

Integraa Celline for monoclonal antibody production. 

TABLEE 2. Results after the first screening of fusion 183 
byy antibody capture ELISA. 

Culturee wells 

Numberr seeded 

Numberr showing growth at day 8 

antibodyy producing against any target 

reactivee with Ag262a 

reactivee with Agl70-6b 

reactivee with Agl70-5b 

reactivee with E. coli sonicate 

IgGG producing 

n n 

1044 4 

760 0 

135 5 

126 6 

69 9 

40 0 

18 8 

13 3 

% % 

93 3 

51 1 

30 0 

13 3 

10 0 

Agg 262, A proteinase K treated Triton X-100 extract from M. tuberculosis cells. 
(seee M&M ) containing mainly lipopolysaccharides with a MW of 30-43 kDa (Ag 170-5) and 
lipopolysaccharidess with a MW of 18-26 kDa (Ag 170-6). Only hybridomas reactive with Ag262 and/or 
Agll  70-6 were tested for reactivity with Agl 70-5. 
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Characterizationn of the monoclonal antibodies. Tables 3 and 4 summarize the 

resultss of the characterization of the MAbs by antibody capture ELISA, Ig (sub)class 

determinationn and Western blot analysis. The MAbs were grouped (group A-D) according to 

theirr reaction pattern in ELISA and Western blot. 

SpecificitySpecificity (Table 3). Although the strongest reaction was found with M. tuberculosis, 

thee MAbs reacted with many mycobacterial species. None of the MAbs showed reactivity 

withh E. coli, H. influenzae, S. pneumoniae, or N. astervides. 

ReactivityReactivity with lipopolysaccharides in antibody-capture ELISA (Table 3). All MAbs 

showedd reactions of varying strength with Ag262. Group A (F183-2 [IgG3], F183-3 [IgGl] , 

F183-155 [IgM] and F183-16 [IgG3]) showed a broad pattern of reactivity. They were reactive 

withh ManLAM, AraLAM, LM, arabinomannan (AM) and S. cerevisiae mannoprotein, but not 

withh PIM,,2or arabinoglactan. Group B (F183-6, F183-7, F183-8, F183-18, F183-22, all IgM) 

reactedd only with the oligosaccharide arabinogalactan. Group C (F183-20 and -21, both IgM) 

reactedd with LM and to a lesser extent with ManLAM and AraLAM. Group D (F183-24 and -

28,, both IgM) reacted with LM and weakly with ManLAM. 

ReactivityReactivity with lipopolysaccharides in Western blot (Table 4 and Fig. 2). MAbs in 

groupp A reacted in Western blot strongly with ManLAM, AraLAM and LM. The 

immunoblott with ManLAM showed two regions that reacted with these MAbs (30-43 kDa 

andd 20-26 kDa, Fig. 2). The MAbs in group B reacted with 2 small regions of Ag 170-6 (35-38 

kDaa and 20-26 kDa) but not with purified LAM or LM. Group C MAbs were reactive with 

LM,, and only weakly with ManLAM and AraLAM, which is in agreement with the ELISA 

results.. The reaction of MAb F183-21 in Western blot with ManLAM concerned mainly the 

lowerr region of the ManLAM preparation (22-26 kDa). None of the MAbs from group A, B 

orr C were reactive with PIMU. In contrast, the group D MAbs reacted in Western blot weakly 

withh the purified PIMi,2 preparation. They reacted only very weakly with LM and ManLAM. 

Inn addition, these group D MAbs reacted with a region below 14 kDa in Agl70-6 (Fig. 2) and 

Ag2622 (data not shown) and weakly at a position around 23 kDa. Our rabbit anti-M 

tuberculosistuberculosis F^Ra serum (Rb8-106), which contains mostly antibodies to AraLAM and LM 

(Fig.. lb, lane 5 and 6) but also antibodies recognizing ManLAM and PIMu (Fig. lb, lane 4 

andd 7), showed the same reactivity as the MAbs from group D with the lower regions (<14 

kDa)) of Ag 170-6, Ag262 and LM (Fig. lb, lane 2, 3 and 6, respectively). 

Reactivityy with M. tuberculosis culture filtrat e antigens (data not shown). MAbs 

fromm group A, C and D all reacted with secreted antigens in M. tuberculosis culture filtrate in 

antibodyy capture ELISA and Western blot. In contrast, group B MAbs, reactive with 

arabinogalactann in ELISA, reacted only weakly with a (35-38 kDa) region in the blot with 

culturee filtrate (data not shown). 
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TABLEE 3.Characterization of the monoclonal antibodies from fusion 183 by antibody capture ELISA" 

Reactionn with: 

groupp A 
F183--

15 5 

groupp B 
F183--

groupp C group DL 

F183-- " F ! 8 3 -

20 0 24 4 

mycobacteriall  species 

M.M. tuberculosis 

M.M. bovis 

M.M. bovis BCG 

M.M. avium 

M.M. africanum 

M.M. microti 

M.M. vat cue 

M.M. kansasii 

M.M. marinum 

M.M. nonchromogenicum 

M.M. fortui turn 

M,M, smegmatis 

M.M. intraeeliulare 

M.M. gordonae 

M.M. terrae 

M.M. xenopi 

M.M. serofuiaceum 

M.M. duvalii 

M.M. leprae 

otherr bacteria 

£.. co/i 

hi.hi. influenzae 

SS pneumoniae 

.V.. asteroides 

MM  tuberculosis 

(Lipoo (-polysaccharides 

Ag262 2 

ManLAM M 

AraLA M M 

LM M 

PIM L 2 2 

Arabinogalactan n 

Arabinomannan n 

S.S. eerevisiae 
mannoprotein n 

4+ + 

4+ + 

4+ + 

4+ + 

4 --

4 --

4+ + 

2+ + 

4+ + 

3+ + 

4-4-

3 --

4* * 

11 + 

2+ + 

3+ + 

4+ + 

4+ + 

4+ + 

--
--
--
--

4+ + 

4+ + 

4+ + 

4+ + 

--
--

2+ 2+ 

3+ + 

4+ + 

4+ + 

4+ + 

4* * 

4 --

4+ + 

4-*--

4--

4~ ~ 

3 --

4+ + 

4* * 

4+ + 

11 + 

11 + 

4+ + 

4+ + 

4+ + 

4+ + 

--
--
--
--

4+ + 

4+ + 

4+ + 

4+ + 

--
--

2+ + 

3+ + 

4+ + 

4+ + 

4+ + 

4--

4--

4~ ~ 

3* * 

2* * 

3* * 

2* * 

4--

3+ + 

44 + 

+ + 

11 + 

3+ + 

4+ + 

3+ + 

4+ + 

--
--
--
--

3^ ^ 

3+ + 

3+ + 

3+ + 

--
--
2+ 2+ 

3+ + 

4+ + 

4+ + 

2+ + 

2+ + 

4 --

4 --

1--

2+ + 

1--

1--

3 --

1--

2+ + 

4+ + 

11 + 

4+ + 

--
--
--
--

3+ + 

3+ + 

3+ + 

2+ + 

--
--

2+ + 

3+ + 

11 + 

2+ + 

11 + 

1--

2+ + 

2+ + 

+ + 

I --

11 + 

1--

3 --

2* * 

2+ + 

11 + 

2+ + 

2+ + 

2+ + 

3+ + 

11 + 

--
--
--
--

2+ + 

--
--
--
--
2+ + 

--

--

2+ + 

3+ + 

11 + 

2+ + 

3+ + 

2+ 2+ 

1--

1--

">_ _ 
] --

4 --

2* * 

3+ + 

2+ + 

3+ + 

2+ + 

2+ + 

4+ + 

3* * 

--
--
--
--

3+ + 

--
„ „ 

--
--
3+ + 

--

3+ + 

3+ + 

K K 

2+ + 

3+ + 

2+ + 

+ + 

1--

2— 2— 

1--

4+ + 

3+ + 

4+ + 

2+ + 

3+ + 

3+ + 

3+ + 

4+ + 

3+ + 

--
--
--
--
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aa - , AM(,<0.25: . A6M 0.25-0.5; 1+, Awt) 0.5-1.5; 2+, Ah.,„  1.5-2.0; 3-
bb F183-8 and -22, not shown in the Table, also belong to group B. 
LL F183-28, not shown in the Table, belongs to group D. 

Aw,,, 2.0-2.5; 4+,Afi,0>2.5. 
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TABLEE 4. Characterization of the monoclonal antibodies from fusion 183 by Western blotd 

^ A ?? ManLAM AraLAM LM PIM12 Agl70-5 Agl70-6 Ag262 
((sub)class) ((sub)class) 

groupgroup A 

F183-22 (IgG3) 

F183-33 (IgGl) 

F183-15F183-15 (IgM) 

F183-166 (IgG3) 

groupgroup B 

F\%3-6F\%3-6 (IgM) 

F183-77 (IgM) 

F\$3-8(IgM) F\$3-8(IgM) 

F\^3-\S(IgM) F\^3-\S(IgM) 

F183-222 (IgM) 

groupgroup C 

F183-200 (IgM) 

F183-211 (IgM) 

groupgroup D 

F183-244 (IgM) 

F183-288 (IgM) 

+++b b 

+++b b 

++b b 

+++b b 

--

--

--

--

--

d d 

++ d 

+ + 

— — 

++++ +++ - +++ +++ +++ 

++++ +++ - +++ +++ +++ 

++++ ++ - ++ ++ ++ 

++++ +++ - +++ +++ +++ 

+ cc L 

+cc c 

 +c c 

 + c c 

+++ _ ++ +++ ++ 

++++ - ++ +++ +++ 

aa - , no reaction; , weak reaction; +, moderate reaction; ++, strong reaction; +++, very strong reaction. 
bb Reactive with 2 regions of ManLAM: 30-43 kDa and 20-26 kDa. 
cc Reactive with 2 small regions of Agl70-6 and Ag262: 35-38 kDa and 20-26 kDa. 
dd Reactive mainly with the lower region of ManLAM: 22-26 kDa. 

Performancee of MAb F183-3. The IgG monoclonal antibody F183-3 from Group A 

showedd the strongest reaction against ManLAM, AraLAM and LM from M tuberculosis and 

thiss hybridoma was used to obtain ascites. MAb F183-3 antibodies were purified from the 

ascitess by protein G affinity chromatography. 

IndirectIndirect immunofluorescense. MAb F183-3 and MAb F30-5 both showed strong 

fluorescencee after incubation with whole M. tuberculosis cells (data not shown). In contrast, 

thee irrelevant anti-armadillo MAb F47-22 gave no fluorescence. This indicates that MAb 

F183-33 and MAb F30-5 are reactive with cell surface epitopes of M tuberculosis. 

Antigen-captureAntigen-capture ELISA. MAb F183-3 was used as capture antibody in the antigen 

capturee ELISA and compared with MAb F30-5, the IgM monoclonal antibody we used 

previouslyy as capture antibody (20). Rabbit anti-M tuberculosis antibodies (Rb8-106) were 
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ManLAM M AraLAM M LM M 

F30-5 5 

22 3  6 7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 ( k Da )  2  3  6 7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 '  (kDa )  2  3 6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 24 ; 

94 4 

67 7 

4? ? 

30 0 

20 0 

14 4 

944 -

677 -

43 3 

300 -

20 0 

14 4 

PIM M 1.2 2 Agg 170-5 Agg 170-6 

F30-5 5 F30-5 5 
ii i r i I 1 | 
22 3  6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 '  (kDa )  2  J 6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 '  (kDa )  2  3  6  7  8  1 5 1 6 1 8 2 0 2 1 2 2 2 4 2 8 ' 

-- 94 -
__ 67 ~ 

~~~~ 43 ~~ 

30 0 

20 0 

14 4 

I I 
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FIG.. 2. Characterization of the MAbs from fusion 183 by Western blot analysis. The numbers above the lanes 
correspondd to the 13 selected MAbs. In the last lane of each blot MAb F30-5, raised against M. leprae (LAM 
specific)) was tested. The antigen used for each blot is indicated on top: ManLAM, mannose capped 
lipoarabinomannan;; AraLAM, LAM containing arabinofuranosyl termini; LM, lipomannan; PIM1.2, 
phosphatidylinositoll  mono- and dimannosides; Agl70-5, lipopolysaccharide fraction of M. tuberculosis (patient 
isolate)) containing mainly 30-43 kDa MW, and little 18-26 kDa molecular weight lipopolysaccharides (SDS 
PAGEE after staining for carbohydrate see Fig. 1); Agl70-6, lipopolysaccharide fraction containing mainly 18-26 
kDaa molecular weight, and little 30-43 kDa MW and <14 kDa molecular weight lipopolysaccharides (see Fig. 
1). . 

usedd as detection antibodies. Serial dilutions of Ag262 and purified ManLAM were tested 

usingg each capture antibody (Fig. 3). The lower detection limi t obtained with MAb F183-3 

wass 200 pg purified ManLAM/ml, which is 5 to 10-fold lower than the detection limi t 

obtainedd with MAb F30-5. 

10,00 0 

1.00 0 

0.10 0 

0.01 1 

10,00 0 

1.00 0 

0,10 0 

0.01 1 
0,11 1 10 100 1000 10000 

Ag262 (ngLAM/m l ) ) 

0,11 1 10 100 1000 10000 

ManLAMM (ng/ml) 

FIG.. 3. Performance of MAb F183-3 and F30-5 as capture antibodies in the antigen capture ELISA. 
AA serial 5-fold dilution of Ag262 (0.77-2,400 ng LAM/ml ) and purified ManLAM (0.20-3,125 ng 
ManLAM/ml)) was tested in the antigen capture ELISA with either MAb F183-3 or MAb F30-5 as 
capturee antibody and Rb8-106 as a source of detector antibodies. The mean A450 signal, minus the 
background-A4500 + 3SDs, is shown on the y-axis (log scale), and the concentrations of Ag262-LAM 
andd ManLAM are given on the x-axis (log scale). Vertical error bars:  1 SD. 

Comparisonn of the reaction pattern with (lipo)-polysaccharides of antibodies 

raisedd against M. tuberculosis or  M. leprae. Al l MAbs raised by immunization with M. 

lepraeleprae and directed against LAM showed a strong preference for AraLAM and did not react 

withh LM or PIM1.2 in the antibody capture ELISA (Table 5). In contrast, in the group of 

MAbss raised against M. tuberculosis no such preference for AraLAM was seen, and most of 
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thesee MAbs did show a reaction with LM. This suggests that immunization of BALB/c mice 

withh M. tuberculosis selectively evoked antibodies against mannose motifs rather than the 

arabinosee motifs seen when M. leprae was the immunogen. 

TABLEE 5. Comparison of monoclonal antibodies raised against M leprae or M tuberculosis: Reaction pattern 
inn ELiSA1*  with different (lipo)-polysaccharides. 

MAbb code Agg 262 ManLAM AraLAM LM M PIM M AG G AM M ScM M 

M.M. leprae used as immunogen 

F30-55 3+ 3+ 44 

Fll  16-4 2+ 3- 4-

F26-44 3- 3+ 4-

Fll  16-24 3+ 3+ 4-

F26-77 3+ 3+ 4-

3+ + 

1 --

3+ + 

3-r r 

3* * 

3+ + 

--

3+ + 

2 --

3+ + 

M.M. tuberculosis used as immunogen 

F1833 group A 
(2;3;15;16) ) 

F1833 group B 
(6;7;8;18;22) ) 

F1833 group C 
(20;21) ) 

F1833 group D 
(24;28) ) 

4+ + 

3+ + 

2+ + 

4+ + 

11 + 11 + 

4+ + 

2+ + 

2+ + 

3+ + 

2+ + 3+ + 

JJ EL1SA absorbency values at 630nm: -. A6,0 <0.25; , A*„ , 0.25-0.5; 1+. A6W 0.5-1.5; 2+, Awo 1.5-2.0; 3+, 
AAhM)hM) 2.0-2.5; 4+.A630>2.5. 

Abbreviations:: Ag262, Proteinase K digest of a Triton X-100 extract of M. tuberculosis; ManLAM, mannose 
cappedd lipoarabinomannan; AraLAM, lipoarabinomannan; LM, lipomannan; PIM, phosphatidyl-myo-inositol 
mannoside;; AG, arabinogalactan; AM, arabinomannan; ScM, 5. cerevisiae mannoprotein. 

Discussion n 

Inn our hands, immunization of mice with purified ManLAM did not elicit an immune 

responsee against this lipopolysaccharide, whereas immunization with a crude (lipo)-

polysaccharidee preparation induced significant antibody titers against (lipo)-polysaccharides. 

(Lipo)-polysaccharidess are poor immunogens because of their T helper-independent character 

(10).. To enhance the immune response, lipopolysaccharides have been conjugated chemically 

too T-helper cell-dependent carrier proteins (10) or have been encapsulated in lipid A-
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containingg liposomes (27). Our crude (lipo)-polysaccharide preparation contained a small 

amountt of 38 kDa and 21 kDa lipoproteins (data not shown), which probably acted as a 

carrierr in the present study. 

Wee have isolated murine monoclonal IgG and IgM antibodies that are reactive with 

differentt lipopolysaccharides from M. tuberculosis. Four distinct groups of MAbs could be 

distinguishedd by their reaction patterns: 

MAbss from group A showed a broad pattern of activity. They were reactive with 

ManLAM,, AraLAM, LM, AM and S. cerevisiae mannoprotein but not with PIMi or PIMT. 

Thee similar level of binding suggests that the epitope recognized by these MAbs is located 

withinn the common structure shared by these five compounds, probably a linear chain of 

manl-2man-man.. The mannosylphosphatidylinositol anchor is not involved in the epitope, 

sincee the reactivity of these MAbs with ManLAM was not affected by prior deacylation of the 

LAMM (by treatment with 0.1 M NaOH for 2 h at 37°C, data not shown). The fact that these 

MAbss reacted with AM and mannoprotein from S. cerevisiae confirms this since these 

glycanss lack phosphatidylinositol. This is the first indication that M. tuberculosis (lipo)-

polysaccharidess share a common epitope with the surface located yeast mannoprotein. 

Thee fact that group A MAbs reacted in the immunoblot with two regions of ManLAM 

(30-433 kDa and 20-26 kDa) could be explained either by the presence of two forms of 

ManLAM,, reacting differently in SDS-PAGE, or by contamination of the ManLAM 

preparationn with small amounts of LM. We favor the latter explanation for three reasons: a) It 

iss difficult to obtain LAM devoid of LM (28); b) There was no reactivity of MAb F30-5, 

whichh reacts with ManLAM and AraLAM, with the lower region (20-26 kDa) in the 

immunoblott with ManLAM; c) The reaction of the LM-reactive MAbs F183-20 and F183-21 

withh this 20-26 kDa region in the immunoblot with ManLAM was stronger than with the 30-

433 kDa region (Fig. 2). The fact that silver staining of the ManLAM preparation showed only 

onee smear, between 30-43 kDa (data not shown, but published by Chatterjee and 

colleagues(5)),, indicates that the reaction of the MAbs with the 20-26 kDa region in the 

Westernn blot with ManLAM represented a reaction with just very small amounts of 

lipopolysaccharidess blotted in that region. 

Thee MAbs in group A reacted strongly in indirect immunofluorescence with intact 

mycobacteria,, confirming that large amounts of arabinomannan are present on the surface of 

M.M. tuberculosis, as has been shown by others (16, 19). 

Wee have enhanced the sensitivity of our antigen capture ELISA by using a high 

affinityy IgG monoclonal antibody which recognizes a common epitope on ManLAM, 

AraLAMM , LM and AM. MAb F183-3 has a higher affinity for LAM from M. tuberculosis 

thann the antibody we used previously (MAb F30-5), which recognizes only AraLAM 
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ManLAMM and AM. Replacement of MAb F30-5 by MAb F183-3 as capture antibody in the 

antigenn capture ELISA resulted in a 5 to 10-fold lower detection limit (200 pg ManLAM/ml) 

thann was obtained with MAb F30-5. The next step will be to evaluate our improved antigen 

detectionn assay with a panel of sputum samples from patients with pulmonary tuberculosis. 

Thee antibodies in group B reacted with purified arabinogalactan (Table 5), but not 

withh purified ManLAM, AraLAM, LM or AM. However, they reacted in Western blot with 

ourr lipopolysaccharide preparations Agl70-6 (Fig. 2) and Ag262 (Table 5), with a pattern 

resemblingg that of group A MAbs. These differences could be explained simply by the 

differentt strains of M. tuberculosis used for the antigen preparations. While the reference 

strainn H37Rv was used for the derivation of ManLAM, we used a recently isolated M 

tuberculosistuberculosis strain from a newly infected patient for the Ag 170-6 and Ag262 extracts. 

Furtherr studies revealed that these MAbs recognized only weakly acidic (lipo)-

polysaccharidess from the Ag262 preparation, whereas the MAbs from group A, C and D were 

mainlyy reactive with neutral lipopolysaccharides (data not shown). In addition, group B 

showedd only weak reactivity with culture filtrate of M. tuberculosis in ELISA and Western 

blot,, whereas all other MAbs were strongly reactive with the culture filtrate. This suggests 

thatt only low amounts of acidic lipopolysaccharides were present in the culture filtrate, which 

iss in agreement with the findings of Lemassu and Daffe (16), who showed that the 

extracellularextracellular material of M. tuberculosis (which may be shed into the culture medium) 

consistss mainly of neutral polysaccharides. 

Itt is unlikely that the weak reactions of group B MAbs with Ag 170-6 in Western blot 

aree due to arabinogalactan, since arabinogalactan does not migrate in SDS PAGE (data not 

shown).. Arabinogalactan is covalently bound to the peptidoglycan layer and forms a 

characteristicc feature of the cell wall (insoluble in detergent). 

Thee MAbs from group C reacted strongly with LM, although a weak reaction with 

ManLAMM and AraLAM was seen. No reaction was found with AM, AG or S. cerevisiae 

mannoprotein.. This suggests that these MAbs recognize a different epitope from group A 

MAbs. . 

Thee MAbs from group D recognized PIM|.2 and lipopolysaccharides with a MW of 

<144 kDa in Ag 170-6 and Ag262. These MAbs reacted in Western blot but not in ELISA with 

PIM|,2.. This could be explained by a change in the conformation of this small antigen due to 

passivee coating to the polystyrene microtitre plate, resulting in an alteration of the epitope 

recognizedd by the MAb. The stronger reaction with Ag 170-6 than with purified PIM1.2 is 

probablyy due to greater amounts of mannose residues in the PIMs in the extract. Interestingly, 

thesee MAbs recognized besides PIMs also LM and ManLAM, but not AraLAM, AM, or 

mannoproteinn from S. cerevisiae, suggesting they probably recognized mannose in 
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combinationn with the phosphoinositol group, whereas the group A MAbs recognized a 

commonn epitope between ManLAM, AraLAM, LM, AM and S. cerevisiae mannoprotein. 

Thee reaction patterns of the 13 MAbs in antibody capture ELISA with 19 

mycobacteriall  species showed subtle differences indicating that the composition of the 

mycobacteriall  cell wall varies between the mycobacterial species. The failure to find a MAb 

thatt reacted only with mycobacteria from the M. tuberculosis complex suggests that there are 

noo M. tuberculosis specific epitopes in the (lipo)-polysaccharide fractions. 

Itt is striking that none of the MAbs in the present study reacted selectively with LAM. 

Alll  our previously selected MAbs against LAM (F30-5, Fl 16-4, F26-4 Fl 16-24 and F26-7) 

(14,, 18, 31) were raised against M. leprae, whereas the MAbs in the present study were raised 

againstt (lipo)-polysaccharides from a virulent M. tuberculosis strain. This suggests that 

immunizationn with different mycobacterial species evokes different sets of antibodies. The 

antibodiess raised using M. leprae are reactive with AraLAM and ManLAM, but not with LM, 

PIMss or mannoprotein from S. cerevisiae, suggesting the specificity must lie in the branched 

arabinosee chain. Immunization with virulent M. tuberculosis induces in BALB/c mice mainly 

MAbss recognizing structures in the mannan core or the mannosyl residues present on 

mannose-cappedd LAM, resulting in MAbs that react with both LAM and LM. The sugar 

epitopess recognized by these MAbs could be elucidated if neoglycoproteins were synthesized, 

thatt contained the sugar moieties described for ManLAM AraLAM and LM (5). 

Otherss have also found that immunization with virulent M. tuberculosis resulted in 

MAbss reactive with LAM and LM (9). Other MAbs against LAM, from the 900 series (12), 

thee SA1 (35) and MAb L9 (2), were derived from fusions that used M. leprae for 

immunization.. Not one of these 20 MAbs was reactive with LM (8). 

Thee MAbs presented in this paper could be used for the detection of LAM (and other 

lipopolysaccharides)) in body fluids. Other potential uses include detection of differences in 

mycobacteriall  strains, differences in lipopolysaccharides occurring in various culture 

conditionss in vitro or during growth in macrophages. They may help in the study of the role of 

thee mannose binding protein (23), or the process of phagocytosis of the M. tuberculosis 

bacteriaa by alveolar macrophages (26). Furthermore these antibodies provide tools to examine 

thee role of mannans in signal transduction by the Toll-like receptor for lipopolysaccharides 

(34). . 
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