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Abstract t 

Wee have explored the use of surface plasmon resonance (SPR) technology to 

detectt Mycobacterium tuberculosis antigens, using the BIACORE J biosensor 

(Pharmaciaa Biosensor, Uppsala, Sweden). Lipoarabinomannan (LAM) and lipomannan 

aree specific lipopolysaccharides found in the cell wall of mycobacteria. A monoclonal 

IgGG antibody reactive with both LAM and lipomannan (F183-3) and polyclonal 

antibodiess to M. tuberculosis were covalently bound to CM5 sensor chips. M. 

tuberculosistuberculosis antigens were injected over the sensor surface, and the signal was amplified 

byy secondary antibodies. The assay format using polyclonal antibodies for both capture 

andd amplification showed the highest sensitivity. The detection limit was comparable 

withh the limit found in antigen capture ELISA using the same capture and detection 

antibodiess (~1 ng total protein of M.tuberculosislmX). The detection limit using MAb 

F183-33 as capture antibody was approximately 200-fold higher than in ELISA (50-250 

ngg LAM/ml). MAb F 30-5 (IgM), formerly used as capture antibody in our LAM 

detectionn ELISA (L.M. Pereira Arias-Bouda et al., J. Clin. Microbiol. 38:2278-2283, 

2000),, was not useful in the biosensor assay since we were unable to regenerate the 

biosensorr chip after binding of antigen. The biosensor assay showed high intra-chip 

reproducibility.. The signal in the biosensor was not inhibited by serum components 

althoughh non-specific binding occurred, in contrast to the antigen capture ELISA where 

wee found a strong matrix effect of serum. We conclude that the detection limit of the 

SPRR biosensor is able to approach the limit found in capture ELISA, but depends 

stronglyy on the capture antibody used. However, the biosensor system performs better 

thann the antigen capture ELISA in a complex matrix such as serum. 

Introduction n 

Assayss to detect antigens for the diagnosis of tuberculosis are promising; they are 

simple,, relatively cheap and rapid, do not require much expertise and may have a high 

throughput.. We have developed an antigen detection assay based on the detection of 

lipoarabinomannann (LAM) , a mycobacterium-specific cell wall associated lipopolysaccharide 

(12).. In this enzyme-linked immunosorbent assay (ELISA) a murine IgM monoclonal 

antibodyy against LAM (MAb F30-5, induced against LAM from M. leprae) was used as 

capturee antibody, with rabbit antiserum against Mycobacterium tuberculosis (Rb8-106) as a 

sourcee of detector antibodies. We were able to detect as littl e as 1 ng purified LAM/ml and 

114 4 



DetectionDetection ofM. tuberculosis using SPR technology 

1044 M. tuberculosis whole cells/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 

withh the detection limit of direct microscopy. 

Althoughh antigen capture ELISA techniques are relatively simple, they have some 

drawbacks.. Sample preparation is an important, but often laborious and time-consuming step. 

Thee number of non-specific reactions can be high because of cross-reacting substances 

presentt in untreated human specimens. Sensitivity may be low because of inhibiting 

substancess present in body fluids. 

AA relatively new biosensor technology, based on surface plasmon resonance (SPR) (4, 

9),, has become increasingly popular because it has the potential to allow direct visualization 

off  molecular interactions. The application field of biosensors based on SPR is wide, varying 

fromm detecting analyte in (crude) samples (4, 7, 15, 18) to obtaining kinetic rate constants for 

aa molecular interaction (9, 10, 14). SPR technology has several advantages over other 

techniques.. Detection of macromolecular interactions takes place in real time, allowing 

measurementt of kinetics and determination of binding constants. The technique does not 

requiree the use of labeled molecules, so antibody-antigen binding interactions can be studied 

directly,, removing the potential for the labeling process to cause an alteration of the native 

conformationn of the antigen. Unlike ELISA, secondary detection antibodies are not needed 

andd each binding/regeneration cycle is very rapid (minutes). In addition, ligand-coated sensor 

surfacess can often be used for many successive measurements. Brigham-Burke and colleagues 

(4)) have shown that in their hands the immobilized ligand (peptide) surface was stable for at 

leastt 100 successive measurements. 

Inn the present study we have explored the use of surface plasmon resonance (SPR) to 

detectt M. tuberculosis antigens. The SPR instrumentation used here, the BIACORE J system, 

iss a manually operated SPR instrument designed to be accessible as a general laboratory tool. 

Thee BIACORE system has been proven to be sensitive and reproducible for the quantification 

off  macromolecular interactions (4). 

Thee objectives of this study were to determine whether SPR is a suitable system for 

thee detection of M. tuberculosis antigens in clean solutions and in body fluids (e.g. serum). In 

additionn we wished to gain insight in the lower detection limit of the system using 

monoclonall  antibodies against LAM (and lipomannan [LM] ) or polyclonal rabbit anti-M 

tuberculosistuberculosis antibodies as capture antibodies. 

115 5 



ChapterChapter 5 

Materialss and methods 

Equipmentt and reagents. BIACORE J system, Sensor Chip CM5 (research grade), 

HBS-EPP buffer (10 mM Hepes with 0.15 M NaCl, 3.4 mM EDTA and 0.005% surfactant P20 

att pH 7.4), amine coupling kit, regeneration buffer (10 mM glycine-HCL pH 1.7) and 

BIAviewerr software were provided by Biacore AB, Uppsala, Sweden. 

M.M. tuberculosis antigens (Ag262/Ag360). We used as a source of M. tuberculosis 

antigenss a Triton X-100 extract of M, tuberculosis, grown for three weeks at 37°C in a 

protein-freee medium (16). 

Ag360Ag360 (fraction containing different proteins and Hpopolysaccharides). Hundred ml of 

0.5%% Triton X-100 in 10 mM Tris-HCl pH 8 (extraction buffer) was added to 75 g wet weight 

off  M tuberculosis bacteria. The bacteria were killed by heating the suspension at 56°C for 1 

hour.. Then, the extract was placed on ice and sonicated (Branson 250-Sonifier, Branson 

Ultrasonicss Corporation, Danbury, Connecticut, U.S.A.) in a cooled glass jar closed with a 

rubberr cap (MSE Scientific Instruments, Crawley, England), in two portions for 15 min at 

0°C.. After centrifugation of the sonicate for 30 minutes at 48,384 x g and 4°C, the supernatant 

wass decanted and stored at 4°C. The pellet was resuspended in 100 ml extraction buffer and 

thee extraction procedure was repeated as described above. The supernatants were combined 

andd centrifuged for 1 hour at 100,000 x g and 4°C. The supernatant was applied to a 1 ml-

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

concentrationn was measured using the BCA-Protein Assay Reagent (Pierce, Rockford, 

U.S.A.).. The solution was stored in aliquots at -70°C. 

Ag262Ag262 (fraction containing different Hpopolysaccharides). The same procedure was 

followedd as for preparation of Ag360. After the extraction procedure the supernatants were 

combinedd and centrifuged, and the supernatant was treated 5 times for 6h with 0.1 mg/ml 

proteinasee K to digest proteins. After application to a 1 ml-ExtractiGel D column (Pierce, 

Rockford,, U.S.A.) to remove the Triton X-100, the carbohydrate content of the solution was 

assayedd with the phenol/EhSĈ reagent (6). The concentration of LAM in the preparation was 

determinedd by our LAM capture ELISA (12), using a standard curve with purified ManLAM. 

Thee solution was stored in aliquots at -70°C. 

AntibodiesAntibodies used. Monoclonal antibody (MAb) F30-5, a murine IgM antibody reactive 

withh LAM (17), was purified from ascites by precipitation with ammonium sulfate. MAb 

F183-3,, an IgGl antibody reactive with LAM and LM (Pereira et al., manuscript submitted 

forr publication), was purified from ascites by protein G affinity chromatography as described 

byy the manufacturer (Amersham Pharmacia). Rabbit anti-M tuberculosis IgG antibodies 

(Rb8-106)) (12), reactive with different M. tuberculosis proteins and polysaccharides, were 
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purifiedd by protein A affinity chromatography (Amersham Pharmacia). The monoclonal IgGl 

antibodyy against myoglobin was obtained from Biacore AB, Uppsala, Sweden. 

Immobilizationn of antibodies on the CM5 sensor chip. Monoclonal or polyclonal 

antibodiess were coated on the sensor chip by random amine coupling. During the coupling 

processs a constant flow rate of 30 ^1/minute of HBS-EP buffer was maintained over the 

sensorr surface (medium flow rate). The temperature was kept at 25°C. First, the carboxyl 

groupss on the sensor surface were activated with an injection of 180 JLLI of a solution 

containingg 0.2 M N-ethyl-N^-diethylamino-propyOcarbodiimide (EDC) and 0.05 M vV-

hydroxysuccinimidee (NHS), for 6 minutes. Next, 180 |il of antibody, dissolved in 10 mM 

sodiumm acetate buffer pH 4.7 to a final concentration of 50 (ig/ml was injected over the 

surfacee during 6 minutes. Finally, the remaining ester groups were blocked by a 6 minute 

injectionn of 180 |il of 1 M ethanolamine pH 8.5. The immobilization level in Resonance Units 

(RU)) is proportional to the surface concentration, and 1,000 RU corresponds to approximately 

11 ng/mm . 

Controlss for non-specific binding. Non-specific binding of mycobacterial antigens to 

thethe sensor chip surface. A high concentration of Ag360 or Ag262 (0.1 mg protein/ml or 250 

(igg LAM/ml , respectively) was injected over a non-immobilized flow cell to determine the 

levell  of non-specific binding of these antigens to the surface of the CM5 chip. 

Non-specificNon-specific binding of secondary or third antibodies to the antibody-coated sensor 

surface.surface. Secondary antibodies or third antibodies (50 fig/ml in HBS-EP buffer) were injected 

overr a surface coated with capture antibodies alone (MAb F183-3 and Rb8-106) to determine 

thee level of non-specific binding of these antibodies to the active sensor chip surface. An IgG 

anti-myoglobinn monoclonal antibody was immobilized on the second flow cell of these sensor 

chipss as an irrelevant control antibody. 

Bindingg assays. Dose response curves. To study the detection limit of the system, 

differentt concentrations of M. tuberculosis antigens, dissolved in HBS-EP buffer, were 

injectedd over the antibody-coated sensor surfaces. Antigen concentrations ranging from 1 ng -

11 mg protein/ml (Ag360) or 25 ng - 2.5 mg LAM/ml (Ag262) were injected for 6 minutes 

(1800 fil) , using a flow rate of 30 (xl/minute, starting with the lowest antigen concentration. 

Approximatelyy 2-3 minutes after each injection of antigen, 180 jal of the secondary antibody 

(500 (ig/ml in HBS-EP buffer) was injected for 6 more minutes, if appropriate followed by a 6 

minutee injection of 50 Jig/ml goat anti-rabbit antibodies (Jackson ImmunoResearch 

Laboratories)) in HBS-EP buffer. Each cycle, consisting of successive injections of antigen, 

secondaryy antibody and eventually third antibody, was followed by regeneration of the sensor 

surfacee using 30 (il of 10 mM glycine-HCL pH 1.7 during a 1 minute injection. The 
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regenerationn step was repeated until the baseline (=RU level at the beginning of the cycle) 

wass reached. Mostly one regeneration step was sufficient to reach the baseline. 

EstimationEstimation of antigen:MAb binding ratios. An estimate of the antigen/capture-

antibodyy binding stoichiometry was calculated from the saturating binding capacity of the 

antibodyy surface. The binding stoichiometry (5) can be expressed as: 5 = [RAg / RuAb] x 

[MWMAbb / MWAg], where RAg = (maximum) amount of antigen captured by the immobilized 

antibodyy (in RU), .ftMAb = amount of antibody immobilized (in RU), and MW = molecular 

weightt of the monoclonal antibody (MAb) or captured antigen (Ag). 

EstimationEstimation of secondary antibody : antigen binding ratios. The signal level which is 

reachedd after injection of antigen over a sensor surface on which capture antibodies have been 

immobilizedd (8i in Fig. 1), reflects the actual amount of antigen captured by immobilized 

antibodiess (response of 500 RU = 500 pg/mrrf antigen). A further increase of this signal, 

obtainedd by injection of secondary antibodies over the sensor surface (5? in Fig. 1), reflects 

thee amount of secondary antibodies which have bound to the captured antigen (increase with 

5000 RU = 500 pg/mm2 secondary antibody). The ratio between 82 and 5| represents the 

relativee amount of secondary antibody bound to the antigen. The binding stoichiometry (S) 

cann be expressed as: S = [82/81] x [MWAg / MWsecAb], where MW = molecular weight of 

capturedd antigen (Ag) and secondary antibody (SecAb). Molar ratios could not be calculated 

injectionn of antigen , injection of secondary 
antibody y 

ratioo = 82/81 

FIGG 1. Calculation of the response ratio between secondary antibodies and captured antigen. 
Thee sensorgram shows the injection cycle of a certain concentration of antigen over a sensor surface containing 
antigen-specificc capture antibodies, followed by secondary antibodies, which are reactive with the captured 
antigen.. 5,, signal obtained due to binding of antigen to the capture antibodies; the signal level reflects the 
amountt of antigen which has been captured. 82, increase of the signal due to binding of secondary antibodies to 
thee antigen. The ratio 52 / 81 indicates the relative amount of secondary antibody bound to the antigen. *, the 
slightt drop corresponds to the difference in refractive index between bulk antigen in HBS-EP buffer and HBS-
EPP buffer only. 
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forr secondary Rb8-106 antibodies reacting with Ag360, since these polyclonal antibodies are 

reactivee with many proteins and polysaccharides present in this antigen preparation. In these 

situationss only response ratios are given (82 / 81). 

DetectionDetection of mycobacterial antigens in human serum. To study the matrix effect of 

humann serum on the capture of M. tuberculosis antigens, a certain concentration of Ag360 

(0.11 mg protein/ml) was injected over the sensor surface in the presence of increasing 

amountss of serum, ranging from 0% to 40%. After each injection the sensor surface was 

regeneratedd with regeneration buffer (see above). Nonspecific binding of serum components 

too the surface/capture antibody was determined by injecting different serum concentrations 

withoutt Ag360 over the surface. For these experiments we used pooled serum from three 

healthyy subjects. 

Results s 

Immobilizationn of antibodies on the CM5 sensor chip. The amount of antibody 

immobilizedd on the sensor chip surface varied during consecutive amine coupling procedures 

(Tablee 1). The coefficient of variation (CV) for the coupling of the different antibodies varied 

betweenn 8-25% (Table 1). A surface concentration of -10 ng/mm2 was reached for all 

immobilizedd antibodies, except for the anti-myoglobin IgG (immobilization level of ~5 

ng/mmm ). 

TABLEE 1. Antibody surface concentrations achieved during successive coupling procedures. 

amine e 
coupling g 
procedure e 

1 1 

2 2 

3 3 

4 4 

CVbb (%) 

MAbF183-3 3 
(IgGl) ) 

9,617/64 4 

7,785/52 2 

15 5 

immobilizedd antibody (RU / fmol/mm2) 

Rb8-1066 (IgG) 

10,000/67 7 

11,206/75 5 

8 8 

MAbb F30-5 (IgM) 

12,938/17 7 

8,085/10 0 

9,229// 12 

25 5 

MAbb anti-myoa 

(IgGl) ) 

4,366/29 9 

5,817/39 9 

5,189/35 5 

4,4800 / 30 

14 4 

anti-myo,, anti-myoglobin monoclonal antibody. 
CV,, coefficient of variation. 
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Responsee (a) Rb8-106-coated chip 
(RU) ) 

Ag3600 Rb8-106 

00 6 8.5 14.5 

Timee (min.) 

Responsee (b) MAb F183-3-coated chip (c) MAb F183-3-coated chip 
(RU)) Response 

Ag2622 MAb F30-5 (RU) 

Timee (min.) T i m e ( m i n ) 

FIG.. 2. Sensorgrams showing real time binding of increasing concentrations of Ag262 or Ag360 to a Rb8-106-
orr MAb F183-3-coated surface, followed by amplification with Rb8-106 or MAb F30-5. After each injection 
cyclee of antigen and amplifier the surface was regenerated, (a) Injection of Ag360 over a surface coated with 
Rb8-1066 antibody, and amplification with Rb8-106; a-f: increasing concentration (tenfold) of Ag360, from 
0.001-10000 p.g total protein/ml. (b) and (c) Injection of Ag262 over a surface coated with MAb F183-3 antibody, 
andd amplification with (b) MAb F30-5 or (c) Rb8-106; a-f: increasing concentration (tenfold) of Ag262, from 
0.005-5000 ng carbohydrate/ml, corresponding to 0.025-2500 pig purified LAM/ml . 

FIG.. 3. Dose response curves. 
(a)) Increasing concentrations of Ag360 (0.001-1000 p.g total protein/ml) were injected over a Rb8-106-coated 
sensorr surface; the signal was amplified with Rb8-106. (b) and (c) Increasing concentrations of Ag262 (from 
0.005-5000 ng carbohydrate/ml, corresponding to 0.025-2500 p.g purified LAM/ml ) were injected over a MAb 
F183-3-coupledd sensor chip; the signal was amplified with (b) MAb F30-5 or (c) Rb8-106 and GAR (goat anti-
rabbitt antibodies). After each injection cycle of antigen and amplifier the surface was regenerated. Both the x-
axiss and the y-axis are log scales. 
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(a) ) 
-- no amplification 

-amplificationn :Rb8-106 

1000 0 

10000 100 10 1 0,1 0,01 0,001 

injecte dd Ag360 concentratio n (|ig/ml ) 

RR 1)8-106 

RR 1)8-1 06 

CM55 sensorchip 

(b) ) 

1000 0 

-- no amplification 

-- amplification: MAb F30-5 

11 -I— 
10000 100 10 1 0,1 0,01 0,001 

injecte dd Ag262 concentratio n (^g/ml ) 

MAbb F30-S 

MAbb F183-3 

CM55 sensorchip 

(C) ) 

10000 .-

s s 
a. a. 

100 0 

-- no amplification 
-amplification:: Rb8-106 
-amplification:: Rb8-106+GAR 

10000 100 10 1 0,1 0,01 0,001 

injecte dd Ag262 concentratio n (|ig/ml ) 

goatt anti-rabbit 
antibodies s 

Rb8-106 6 

MAbb F183-3 

CM55 sensorchip 

121 1 



ChapterChapter 5 

Dosee response curves and detection limits. Tenfold serial dilutions of Ag262 

(containingg lipopolysaccharides alone) and Ag360 (containing also proteins) were tested, 

usingg sensor chips coated with MAb F183-3 or Rb8-106, respectively. The signal was 

amplifiedd using secondary and third antibodies. The sensorgrams are shown in Fig. 2. The 

signall  of Rb8-106-captured Ag360 was amplified using Rb8-106 as secondary antibody (Fig. 

2a),, the signal of MAb F183-3-captured Ag262 was amplified by either MAb F30-5 (Fig. 2b) 

orr Rb8-106 (Fig. 2c). In the last system the Rb8-106-amplified signal was further amplified 

withh goat anti-rabbit antibodies (Fig. 3c). MAb F183-3 itself was unable to amplify the signal 

off  MAb F183-3-captured Ag262, suggesting that MAb F183-3 recognizes a non-repeating 

epitopee (data not shown). The dose response curves are shown in Fig. 3. The detection limit 

withh Rb8-106 as capture antibody was 10 ng total protein/ml. After amplification of the signal 

withh Rb8-106 the detection limit improved to 1 ng protein/ml, which is comparable with the 

detectionn limit found in ELISA using the same capture and detection antibodies (data not 

shown).. With MAb F183-3 as capture antibody, the detection limit in the biosensor was 10-50 

ngg carbohydrate/ml, corresponding to 50-250 ng LAM/ml . After amplification with either 

MAbb F30-5 or Rb8-106 and goat anti-rabbit antibodies the signal level increased, but no great 

improvementt of the detection limit was obtained. The detection limit is approximately 200-

foldd higher than in ELISA using the same capture and detection antibodies (data not shown). 

Thus,, in the biosensor system, the assay format using polyclonal antibodies against M 

tuberculosistuberculosis for both capture and amplification performed better than the assay format using 

monoclonall  antibodies for capture and monoclonal or polyclonal antibodies for amplification. 

AntigenrMAbb binding stoichiometry. For the calculations we assumed that MAb 

F183-33 and MAb F30-5 captured only LAM from the crude Ag262 preparation. The 

LAM:MA bb binding ratios increased as more antigen was injected (Table 2). When the 

injectedd antigen concentration was raised tenfold, approximately 3- to 4-fold more LAM 

moleculess were captured by MAb F183-3 antibodies. Injection of antigen concentrations 

higherr than 250 \ig LAM/ml led to only subtle further increases of the LAM:MA b F183-3 

bindingg ratio, indicating that maximum binding was almost reached (Table 2). When a 

saturatingg concentration of Ag262 was injected (2.5 mg LAM/ml) , approximately 0.25 LAM 

moleculess bound per MAb F183-3 molecule. Since MAb F183-3 has two binding sites, an 

estimatedd maximum of 12.5% of the MAb F183-3 binding sites remained available for 

bindingg antigen after immobilization of the antibody to the sensor surface. 

LAM:MA bb F30-5 binding ratios were determined for only three injected antigen 

concentrations,, as for each antigen injection a new MAb F30-5-coated sensor chip had to be 

usedd (because of regeneration problems, see 'Regeneration of the sensor chip surface'). The 

occupationn of MAb F30-5 molecules by LAM molecules was approximately 5-fold higher 
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thann was seen with MAb F183-3 (Table 2). Since MAb F30-5 has five binding sites, an 

estimatedd maximum of 25% of its binding sites remained available for binding antigen after 

immobilization,, twice as many as with MAb F183-3. 

TABLEE 2. Antigen:MAb binding stoichiometrya. 

injectedd concentration 
LAM bb (ug/ml) 

0.025 5 
0.25 5 
2.5 5 
25 5 
250 0 
2500 0 

of f molarr ratio 
LAM:MAbF183-3c c 

11 : 333 
11 : 100 
11 :33 
11 : 8 
11 : 5 
11 :4 

molarr ratio 
LAM:MA bb F30-5d 

NTe e 

NT T 
11 :6 

11 : 1.5 
11 : 1 
NT T 

33 Binding ratios were calculated as described in Material and Methods. 
bb LAM is the major constituent of Ag262. 
cc MAb F183-3: immobilization level of 7785 RU. 
dd Because of regeneration problems three sensor chips were coated with MAb F30-5 (see Table 1) and each used 

forr only one antigen injection. MAb F30-5 immobilization levels were 8085 RU, 9229 RU and 12938 RU, 
respectively. . 

ee NT, not tested. 

Secondaryy antibody:antigen binding ratios. When Rb8-106 was used as a source of 

bothh capture- and amplifying antibodies, a gradual increase of the secondary antibody:antigen 

ratioo was observed when lower concentrations of Ag360 were injected (Table 3). Thus, 

relativelyy more secondary antibodies bound to the antigen when the amount of captured 

antigenn was low, which indicates that Rb8-106 could be a valuable amplifying antibody in 

thiss assay format. This is supported by the fact that a tenfold improvement of the detection 

limitt was reached when Rb8-106 was used as amplifying antibody in this system (see above). 

Thiss phenomenon was not observed when secondary antibodies (Rb8-106 or MAb F30-5) 

weree used in combination with MAb F183-3 as capture antibody. With this chip the 

secondaryy antibody:antigen ratios did not vary greatly with the injected antigen concentration 

(Tablee 3), and the detection limit was not improved substantially (see above). 

Non-specificc binding. Nonspecific binding of M. tuberculosis antigens. Neither 

Ag360,, nor Ag262 bound to a non-immobilized flow cell during a 6 minute injection of 100 

ugg protein/ml (Ag360) or 250 (Xg LAM/ml (Ag262) (-2.7 RU and -3.6 RU, respectively). No 

bindingg of these antigens used at these concentrations was observed when they were injected 

overr a surface coated with anti-myoglobin IgG antibodies (-9.2 RU and -2.6 RU, 

respectively). . 
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TABL EE 3 Secondaryy antibody:antigenbindingg ratios. 

secondaryy antibody 

injectedd antigen 
concentration n 

(ji gg protein/ml or LAM/ml ) 

Ag360 Ag360 
(chip(chip coated with Rb8-I06) 

0.1 1 

1 1 

10 0 
100 0 

1000 0 

Ag262Ag262 (LAM) 
(chip(chip coated with MAb F183-3) 

2.5 5 
25 5 
250 0 
2500 0 

Rb8-106 6 

responsee ratio3 

SecAb/Ag g 

1.8 8 

1.2 2 

0.9 9 
0.7 7 
0.5 5 

0.6 6 
0.7 7 
0.7 7 
0.8 8 

molarr ratio" 
SecAb/Ag g 

b b 

0.12 2 

0.14 4 

0.14 4 

0.15 5 

response e 
SecAb/ / 

NTC C 

NT T 

NT T 
NT T 
NT T 

0.8 8 
1.1 1 
1.4 4 

1.4 4 

MA bb F30-5 

ratio o 

Ag g 

molarr ratio 
SecAb/Ag g 

0.03 3 

0.04 4 

0.06 6 

0.06 6 

dd The response ratio and molar ratio were calculated as described in materials and methods. SecAb, secondary 
antibody;; Ag, antigen. 
Molarr ratios could not be calculated since Rb8-106 is reactive with many proteins and polysaccharides from 
thiss antigen preparation. 

cc NT, not tested. 

Non-specificNon-specific binding of amplification antibodies. Overall, non-specific binding of 

secondaryy antibodies, injected over an antibody-coated sensor surface without prior injection 

off  antigen, was low and varied slightly with the immobilized antibody (0-14 RU). In assays 

wheree amplification antibodies were used, the non-specific binding of these antibodies was 

subtractedd from the measured signal. 

Regenerationn of the sensor chip surface. Surfaces on which IgG capture antibodies 

weree immobilized (MAb F183-3 / Rb8-106 / anti-myoglobin MAb) could be repeatedly 

regeneratedd with 10 mM glycine-HCL pH 1.7 (1 minute injection, 30 ul) to strip bound 

antigen,, without loss of antibody activity. Baseline levels could be reached usually after a 

singlee regeneration step (data not shown). However, sensor surfaces coated with IgM 

antibodiess (MAb F30-5) could not be regenerated with glycine-HCL pH 1.7 or 2.0, nor with 

otherr commonly used regeneration buffers (e.g. 20 mM NaOH or 50 mM H3P04 pH 1.7). 

Injectionn of these buffers led to removal of significant amounts of immobilized IgM and/or 

completee loss of antibody activity (data not shown). 
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Reproducibility.. A constant concentration of Ag262 (250 (ig LAM/ml ) was 

repeatedlyy injected over a MAb F183-3-coated sensor surface. Between the antigen injections 

thee surface was regenerated. As is shown in Table 4, the antigen signal was highly 

reproduciblee (intra-chip CV of 1.2 %). The experiment was repeated using a second chip on 

whichh the same capture antibody was immobilized on another occasion (intra-chip CV of 0.2 

%).. This chip had a lower surface concentration of MAb F183-3 (due to inter-coupling 

variation,, see Table 1), and as a consequence a lower signal level was obtained after injection 

off  250 jag LAM/ml (Table 4). This resulted in an inter-chip coefficient of variation of 11%. 

Thee LAM:MA b binding ratio for both chips was equal to 0.2 (~1 : 5) after injection of 250 jig 

LAM/ml .. Sensor surfaces coated with Rb8-106 antibodies showed an intra-chip coefficient of 

variationn of 6% and inter-chip CV of 10% (data not shown). 

TABLEE 4. Reproducibility of MAb F183-3 reactivity 

LAMM (250 ug/ml) chipla chip2b 

355̂ ^ 304 
3599 304 
354 4 
348 8 
352 2 

1.22 0.2 

LAM:MA bb binding ratio6 02 0.2 
aa Chip coated with MAb F183-3, surface concentration 64 fmol/mm". 
hh Chip coated with MAb F183-3, surface concentration 52 fmol/mm2. 
11 Measured response (RU) 
uu CV, Coefficient of Variation 
LL The molar ratio was calculated as described in material and methods. 

Influencee of serum matrix on capture of M. tuberculosis antigens. Since we aim to 

developp a test for the detection of M tuberculosis antigens in serum samples, we have studied 

thee effect of the serum matrix on the capture of M. tuberculosis antigens by MAb F183-3- or 

Rb8-106-coatedd chips. The non-relevant anti-myoglobin antibody was immobilized on the 

secondd flow channel of the sensor chips. The results are shown in Fig. 4. The degree of non-

specificc binding of serum components was dependent on the immobilized capture antibody. 

Thee highest non-specific binding was found with MAb F183-3 as capture antibody, for which 

thee non-specific binding increased gradually as higher concentrations of serum were injected 

(Fig.. 4a). The signal obtained after injection of Ag360 in the presence of 5-40% serum was 

intra a 

cyclee 1 

cyclee 2 

cyclee 3 

cyclee 4 

cyclee 5 

-chipp CVd 
(%) ) 
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(almost)) the sum of the signal without serum plus the signal obtained by the same amount of 

serumm (non-specific binding). With the non-relevant monoclonal antibody, the signal obtained 

byy serum alone was equal to the signal obtained by Ag360 in the same amount of serum (Fig. 

4c),, indicating, as expected, that no Ag360 was bound to this surface. After subtraction of the 

non-specificc binding, the recovery of Ag360 from the samples containing 5-40% serum was 

70-80%% for the chip coated with MAb F183-3, and 86-100% for the chip coated with Rb8-106 

(Fig.. 4d). 

(a)) MAb F183-3-coated sensor 

surface e 
(b)) Rb8-106-coated sensor surface 
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l || 400 
gg 300 
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11 100 
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 non-specific binding 

-1000 0% 5% 10% 20% 40% 
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600 0 

_~~ 500 

§§ 400 

SS 3 0 0 

oo  200 

XX 100 

 0.1 mg/ml Ag360 

aa non-specific binding 

300

300  I 
00 J = ml l 

-1000 0% 5% 10% 20% 40% 
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(c)) non-relevant MAb-coated sensor 

surface e 
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ÜÜ 400 -

ÏÏ 300 

oo  200 
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** of 
-100 0 

 0.1 mg/mlAg360 

aa non-specific binding 

M3 M3 D D [ [ 
0%>> 5% 10% 20% 40% 

seru mm concentratio n 

(d)) Ag360 responses after subtraction 
off non-specific binding 

600 0 

500 0 

400 0 

300 0 

200 0 

100 0 

0 0 

-100 0 

DD 0% serum 
DD 5% serum 

 10% serum 
 20% serum 
 40% serum 

MAbb F183-3 Rb8-106 non-rel. MAb 

captur ee antibod y 

FIGG 4. Influence of serum matrix on capture of M tuberculosis antigens. 
0.11 mg protein/ml (Ag360) was injected over a surface coated with (a) MAb F183-3, (b) Rb8-106, or (c) a non-
relevantt (anti-myoglobine) MAb, in the presence of varying concentrations (0-40%) of pooled serum from three 
healthyy donors. The degree of non-specific binding was determined by injecting 0-40% serum without Ag360. 
(d)) Corrected Ag360 responses after subtraction of non-specific binding. Non-rel. MAb, non-relevant 
monoclonall  antibody. 
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Influencee of serum matrix on amplification of the signal by Rb8-106. To see 

whetherr the serum components adherent to the chip surface inhibited secondary antibodies 

(Rb8-106)) from binding to the captured antigen, 0.1 mg protein/ml (Ag360) was injected over 

aa Rb8-106-coated sensor surface in the presence of 20% serum, followed by the injection of 

Rb8-1066 to amplify the signal (Fig. 5). The non-relevant antibody were immobilized on the 

secondd flow cell. In Fig. 5b the responses are shown after subtraction of the non-specific 

binding.. While no antigen bound to the flow cell with the non-relevant antibody, the capture 

off  antigen by Rb8-106 antibodies in the presence of 20% serum was not inhibited by serum 

componentss (Fig. 5b). This was in agreement with our earlier experiments (see above, Fig. 

4d).. The signal, obtained after amplification with Rb8-106 antibodies, was only slightly (4%) 

lowerr in the presence of serum than when Ag360 in the absence of serum was applied (Fig. 

5b). . 

(a)) Responses not corrected for 
non-specificc binding 

DD 0% serum 

DD 0% serum + amplification 

 20% serum 

10000  20% serum + amplification 

I I 
(/) ) 
c c 
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c c 1 1 
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njectio n n 
I I 

captur ee Ab: 
Rb8-106 6 

r~taa WM 
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Ag360 0 
antige nn injectio n 

II I 

captur ee Ab: 
non-relevan tt  MAb 
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FIG.. 5. Influence of serum matrix on amplification of the signal by Rb8-106 antibodies. 
(a)) 0.1 mg protein/ml (Ag360) was injected over a surface coated with Rb8-106 or a non-relevant MAb (anti-
myoglobinee MAb), in the presence of 0% or 20% pooled serum from three healthy donors. The signal was 
amplifiedd by secondary antibodies (Rb8-106). The degree of non-specific binding was determined by injecting 
0%% or 20% serum without Ag360 (followed by injection of amplifying antibodies), (b) Corrected responses after 
subtractionn of non-specific binding. Capture Ab. capture antibody. 

Discussion n 

Wee have shown the BIACORE optical detection system is suitable for the detection of 
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M.M. tuberculosis antigens. However, only IgG class antibodies were useful as capture 

antibodiess in this system when repeated measurements were made using the same chip. 

Thee regeneration conditions are an important aspect of the reproducibility of the 

biosensorr system. When IgG antibodies were immobilized on the sensor surface, one short (1 

min)) regeneration step with a low pH-buffer (HC1) was sufficient to strip the antigen and to 

returnn to baseline levels, without loss of antibody activity (data not shown). The antigen 

signall  was highly reproducible during successive binding/regeneration cycles, using these 

IgG-coatedd chips (intra-chip CV of 0.2-6%). However, we were unable to successfully 

regeneratee sensor surfaces coated with IgM antibodies (MAb F30-5). Application of 

commonlyy used regeneration buffers (low-pH or high-pH buffers) led to complete loss of 

antibodyy activity. This implies that MAb F30-5 is unsuitable for use as capture antibody, 

sincee sensor chips coated with this antibody can only be used just for one antigen injection. 

However,, many other regeneration solutions and 'cocktails' have been described which can 

bee tried out when the commonly used regeneration buffers fail (2). We did not fully explore 

thesee possibilities for the IgM-coated sensor surface. Regeneration problems with IgM-coated 

sensorr surfaces have been reported by others. Quinn and colleagues (13), who used NaOH as 

regenerationn buffer, observed a cumulative loss in surface binding activity of their blood 

group-specificc IgM antibody after each binding/regeneration cycle. On the other hand, 

Roggenbuckk and co-workers (14), who immobilized human monoclonal polyreactive IgM 

antibodiess to a CM5 sensor surface, did not report any problems after regeneration of the 

sensorr surface with an high-pH buffer. 

Althoughh the IgG-coated sensor chips showed a high intra-chip reproducibility, the 

variationn in antigen-signal level between different sensor chips was not negligible (CV of 

-10%).. This so-called inter-chip variation was caused by a moderate surface-antibody-coating 

reproducibilityy (CV of 8% and 15% for Rb8-106 and MAb F183-3, respectively). For the IgM 

(MAbb F30-5) and the non-relevant IgG antibody the coating reproducibility was even lower 

(14-25%).. Others have reported higher surface-coating reproducibility rates (CV of 2-6%) 

afterr amine-coupling of their ligand to a CM5 sensor chip surface (7, 15). Both authors used 

peptidess as the ligand whereas we used antibodies for coupling to the surface of the CM5 

sensorr chip; the degree of coating reproducibility is possibly ligand-dependent. Since we aim 

too develop a semi-quantitative diagnostic test, the moderate inter-chip reproducibility would 

nott be a great problem, given that we have built in the use of positive controls. 

Inn ELISA, less than 3% of the binding sites of passively adsorbed monoclonal IgG 

antibodiess are capable of capturing antigen (5). Butler and colleagues showed that 

immobilizationn of these antibodies via a streptavidin bridge led to the preservation of -3-25% 

off  binding sites, depending on the immobilized antibody (5). VanCott and coworkers (15) 
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appliedd BIACORE technology to the study of antibody interactions with immobilized 

peptidess from an HIV-1 protein. They estimated that after covalent binding of the peptide or 

thee whole protein to a dextran surface, 44% of the peptide and 94% of the protein retained the 

properr conformation to bind monoclonal antibodies (assuming bivalent binding of these IgG 

antibodies).. In our study, measurements of the binding stoichiometry revealed that an 

estimatedd maximum of 12.5% of the binding sites of MAb F183-3 remained available for 

bindingg antigen after covalent binding of this MAb to a dextran surface. This percentage is 

probablyy underestimated since for the calculation of the binding stoichiometry we assumed 

thatt this monoclonal antibody captured only LAM from the lipopolysaccharide preparation. It 

iss very likely however that a proportion of the MAb F183-3 binding sites bound LM instead 

off  LAM. Since LM has a lower MW (around 20kDa) than LAM (30-40kDa), this will lead to 

ann underestimation of the calculated amount of active binding sites, as deduced from the 

bindingg stoichiometry equation (see materials and methods). In addition, we did not explore 

whetherr there was an optimal antibody-surface concentration giving maximum binding 

reactivity,, and it is possible that a higher percentage active binding sites would be found using 

aa sensor chip with a different surface concentration of MAb F183-3 antibodies. In support of 

this,, VanCott and coworkers (15) demonstrated that the protein surface reactivity increased 

withh the protein surface concentration to a certain maximum; beyond this maximum there was 

aa significant decrease in reactivity, which was explained by the authors as steric hindrance. 

Afterr covalent binding of MAb F30-5 to the sensor chip, we estimated that 

approximatelyy 25% of the binding sites of this IgM antibody remained active, twice as many 

ass with the IgG antibody MAb F183-3. We attribute this difference to 1. the lower probability 

thatt the binding sites of the pentamer are involved in covalent linkage to the matrix and 2. the 

lowerr probability that they are not accessible for the antigen because of steric hindrance. 

Withoutt the use of amplification antibodies, the lower detection limit in the biosensor 

systemm was 10 to 200-fold higher than in (the better optimized) ELISA, depending on the 

capturee antibody used. After amplification with polyclonal rabbit anti-M tuberculosis 

antibodiess (Rb8-106), the detection limit of the system using polyclonal rabbit antibodies for 

capturee improved ten-fold. In this system relatively more amplifying antibodies bound per 

antigenn molecule at lower surface antigen concentrations. A combination of factors is 

probablyy responsible for this phenomenon: a perfect match between capture- and amplifying 

antibodies,, leading to steric hindrance of the amplifying antibodies at higher concentrations of 

capturedd antigen, and a relatively high affinity of the polyclonal antibodies for these antigens. 

Thiss phenomenon was not seen when MAb F183-3 was used as capture antibody. The amount 

off  amplifying antibodies (Rb8-106 or MAb F30-5) binding per antigen molecule was rather 

loww at lower surface antigen concentrations, and the detection limit did not improve greatly 
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afterr amplification with these secondary antibodies. The assay format using Rb8-106 for both 

capturee and amplification proved to be the most sensitive in the biosensor system. 

Thee detection limit using the SPR system can possibly be further improved by 

optimizingg the antibody surface concentration, increasing the sample injection time, or using 

anotherr flow rate. The detection limit of 1 ng total protein of M. tuberculosislxn\, achieved in 

thiss study when using polyclonal capture antibodies, is encouraging, indicating that the 

sensitivityy of SPR technology lies in the same range as the sensitivity of the antigen capture 

ELISA.. In support of this, others have reported slightly lower (11, 18), equal (15) or even 

higherr sensitivity rates (7) with biosensor technology than with conventional immunoassays 

whenn these methods were applied for detection of antibodies or antigens. 

Inn contrast to our antigen capture ELISA where we found a strong matrix effect of the 

serum,, almost no inhibition of the positive signal by serum components was observed in the 

biosensor.. This is a great advantage since we aim to develop a serum-based antigen detection 

test,, that could detect both pulmonary and extra-pulmonary TB. Although no inhibition of the 

positivee signal occurred, the non-specific binding of serum components was as high as 200-

3000 RU when 40% serum was applied to the antibody-coated dextran surface. The non-

specificc binding could be caused by adherence of serum proteins to the sensor surface or to 

thee coated antibodies. Others have claimed however that the CM5 sensor chip matrix exhibits 

minimall  non-specific binding of proteins (4). Since human serum can contain dextran-reactive 

antibodiess (1, 8), part of the non-specific binding could be a result of binding of these 

antibodiess to the dextran matrix of the sensor chip. In another study, addition of CM-dextran 

too the serum samples prior to testing led to only weak non-specific interactions (7). 

Wee conclude that with the BIACORE system a detection limit can be reached which is 

comparablee to the detection limit found in ELISA, although this depends strongly on the type 

off  the capture antibodies. In a complex matrix, such as serum, the BIACORE system 

performedd better than the antigen capture ELISA. This, together with the fact that it is a 

simplee one-step assay with a very short examination time, is an important advantage above 

ELISAA techniques. The BIACORE J apparatus used in this study is a universal biosensor, 

applicablee for many purposes. The increasing popularity of biosensors is prompting 

manufacturerss to develop new instrumentation for dedicated applications (3). If the detection 

systemm could be converted into a low-cost, semi-quantitative SPR detector, it could become a 

valuablee diagnostic tool for tuberculosis, even in relatively poorly-equipped laboratories in 

areass with TB endemicity. 

130 0 



DetectionDetection ofM. tuberculosis using SPR technology 

Acknowledgements s 

L.M.. Pereira Arias-Bouda was supported by a grant from the Amsterdam 

Societyy and Research Fund for Prevention and Cure of Tuberculosis. 

Wee wish to acknowledge Miss. Karin Tjarnlund (Biacore AB) for technical advice. 

References s 

1.. Allhoff , T., and F.P. Lenhart. 1993. Severe dextran-induced anaphylactic/anaphylactoid reaction 
despitee preventive hapten administration. Infusionsther. Transfusionsmed. 20:301-306. 

2.. Andersson K., M. Hamalainen, and M. Malmqvist. 1999. Identification and optimization of 
regenerationn conditions for affinity-based biosensor assays. A multivariate cocktail approach. 
Anal.Chem.Anal.Chem. 71:2475-2481. 

3.. Baird, C.L., and D.G. Myszka. 2001. Current and emerging commercial optical biosensors. J. Mol. 
Recognit.Recognit. 14:261-268. 

4.. Brigham-Burke, M., J.R. Edwards, and DJ. O'Shannessy. 1992. Detection of receptor-ligand 
interactionss using surface plasmon resonance: Model studies employing the HIV-1 gpl20/CD4 
interaction.. Anal, Biochem, 205:125-131. 

5.. Butler, J.E., L. Ni, R. Nessler, K. S. Joshi, M. Suter, B. Rosenberg, J. Chang, W.R. Brown, and 
L.A.. Cantarero. 1992. The physical and functional behavior of capture antibodies adsorbed on 
polystyrene.. J. Immunol. Methods 150:77-90. 

6.. Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Rebers, and F. Smith. 1956. Colorimetric method for 
determinationn of sugars and related substances. Anal. Chem. 28:350-356. 

7.. Gómara, M.J., G. Ercilla, M.A. Alsina, and I. Haro. 2000. Assessment of synthetic peptides for 
hepatitiss A diagnosis using biosensor technology. J. Immunol. Methods 246:13-24. 

8.. Hattevig, G., B. Kjellman, A.W. Richter, and B. Bjorksten. 1983. Dextran-reactive antibodies in 
children.. Appearance during the first 4 years of life and relation to E. coli infections in the urinary 
tract.. Acta Paediatr. Scand. 72:849-851. 

9.. Karlsson, R., and A. Fait. 1997. Experimental design for kinetic analysis of protein-protein 
interactionss with surface plasmon resonance biosensors. J. Immunol. Methods 200:121-133. 

10.. Malmborg, A.-C, A. Michaëlsson, M. Ohlin, B. Jansson, and C.A.K. Borrebaeck. 1992. Real-time 
analysiss of antibody-antigen reaction kinetics. Scand. J. Immunol. 35:643-650. 

11.. Nishimura, T., E. Hifumi, T. Fuji, Y. Niimi, N. Egashira, K. Shimizu, and T. Uda. 2000. 
Measurementt of Helicobacter pylori using anti-Its urease monoclonal antibody by surface 
plasmonn resonance. Electrochemistry 68:916-919. 

12.. Pereira Arias-Bouda, L.M., N.N. Lan, M.L. Ho, S. Kuijper, H.M. Jansen, and A.H.J. Kolk. 2000. 
Developmentt of antigen detection assay for diagnosis of tuberculosis using sputum samples. J. 
Clin.Clin. Microbiol. 38:2278-2283. 

13.. Quinn, J.G., R. O'Kennedy, M. Smyth, J. Moulds, and T. Frame. 1997. Detection of blood group 
antigenss utilizing immobilized antibodies and surface plasmon resonance. J. Immunol. Methods 
206:87-96. . 

14.. Roggenbuck, D., H. König, B. Niemann, G. Schoenherr, S. Jahn, and T. Porstmann. 1994. Real-
timee biospecific interaction analysis of a natural human polyreactive monoclonal IgM antibody 
andd its Fab and scFv fragments with several antigens. Scand. J. Immunol. 40:64-70. 

15.. VanCott, T.C., L.D. Loomis, R.R. Redfield, and D.L. Birx. 1992. Real-time biospecific interaction 
analysiss of antibody reactivity to peptides from the envelope glycoprotein, gpl60, of HIV-1. J. 
Immunol.Immunol. Methods 146:163-176. 

131 1 



ChapterChapter 5 

16.. Verbon, A., S. Kuijper, H.M. Jansen, P. Speelman, and A.HJ. Kolk. 1990. Antigens in culture 
supernatantt of M. tuberculosis: epitopes defined by monoclonal and human antibodies. J. Gen. 
Microbiol.Microbiol. 136:955-964. 

17.. Verstijnen, C.P.H.J., H.M. Ly, K. Polman, C. Richter, S.P. Smits, S.Y. Maselle, P. Peerbooms, D. 
Rienthong,, N. Montreewasuwat, S. Koanjanart, D.D. Trach, S. Kuijper, and A.HJ. Kolk. 1991. 
Enzyme-Linkedd Immunosorbent Assay using monoclonal antibodies for identification of 
mycobacteriaa from early cultures. J. Clin. Microbiol. 29:1372-1375. 

18.. Wittekindt, C, B. Fleckenstein, K.-H. Wiesmüller, B.R. Eing, and J.E. Kiihn. 2000. Detection of 
humann serum antibodies against type-specifically reactive peptides from the N-terminus of 
glycoproteinn B of herpes simplex virus type 1 and type 2 by surface plasmon resonance. J. Virol 
MethodsMethods 87:133-144. 

132 2 






