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Chapterr 6 

Summar y y 

Inn this chapter we describe some in vitro adhesion properties of the surface layer (SA) 

proteinn of Lactobacillus acidophilus. We used surface plasmon resonance (SPR) to 

determinee the adsorption characteristics of SA-protein to a solid gold substrate. When SA-

proteinn was allowed to interact for a few minutes, the adsorbed material could be 

removedd by treatment with 1M NaCI or 25mM NaOH. After incubation for 3 hours 

adsorptionn of SA-protein was resistant to treatment with these agents. The efficient 

adsorptionn of SA-protein to the moderately hydrophobic gold surface suggests that 

interactionn takes place via the hydrophobic outer face. The observation that immobilized 

SA-proteinn does not react with surface-specific antibodies but strongly reacts with 

polyclonall antibodies corroborates this conclusion. From our data we conclude that SA-

proteinn is bound in a highly ordered fashion. Chemical modification of carboxyl and amino 

groupss in SA-protein did not affect the adsorption properties indicating that these groups 

aree not directly involved in SA-protein adsorption. Biotin and fumonisin B l could be 

exposedd at the surface of the adsorbed SA-protein layer via carboxyl or amino groups. An 

antibody-basedd inhibition assay allowed us to determine fumonisin B l in concentrations 

ass low as 20 ng/ml. The potential of SA-protein biocoatings in biosensor technology is 

discussed. . 
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Introductio n n 

Surfacee layers or S-layers are found as a major cell surface component in many bacteria. 

Theyy consist of a single protein or glycoprotein subunit forming two-dimensional 

crystallinee arrays. For most Archaea the S-layer is an essential shape-determining and -

maintainingg cell envelope component. Eubacterial S-layers have been reported to 

functionn as molecular sieve or scaffold for extracellular enzymes (Egelseer er a/., 1995; 

Saraa & Sleytr, 1987a). They may also have a role in adhesion to epithelial surfaces or 

extracellularr matrix components (Garduno eta/., 2000; Toba era/., 1995). 

Electronn microscopical (EM) studies have shown that the outer surface of S-layers tends 

too be smooth and that the inner surface has a corrugated appearance. Also with respect 

too physico-chemical properties S-layers are anisotropic structures and generally have a 

relativelyy hydrophobic outer surface and a more hydrophilic inner surface. Many S-layer 

proteinss are easily extracted by treatment with chaotropic agents or high salt and can be 

reassembledd in vitro into arrays identical to those present on the bacteria (Sleytr er a/., 

1999).. Reassembly can be performed in solution or at interfaces like lipid monolayers, an 

air-waterr interface, on liposomes or on solid substrates such as mica, gold or glass. S-

proteinss assemble on a substrate with a specific orientation dependent on the physico-

chemicall properties of the substrate. Due to the repetitive structure of S-layers they 

havee a very regular distribution of functional groups that can be used for chemical 

modificationn and coupling of for example antibody fragments, enzymes or antigens (Pum, 

1993;; Sara, 1993; Sleytr er a/., 1999). S-protein assembly products have been used in 

severall industrial applications such as isoporous S-layer Ultrafiltration Membranes 

(SUMs)) and as support matrix in biosensors and immuno-assays (Sleytr & Beveridge, 

1999). . 

Ourr studies focus on the structure and properties of the S-layer of Lactobacillus 

acidophilus.acidophilus. L. acidophilus is a constituent of many probiotic food products. Due to its 

surface-locationn the S-layer could play a role in adhesion to and persistence at mucosal 

surfaces,, processes which are thought to be of great importance for the exertion of 

health-promotingg properties of a probiotic bacterium (Dunne et al., 1999). As a result 

theree is great interest to increase understanding of Lactobacillus cell surface properties 

thatt mediate adhesion and persistence. 

Ourr previous studies have shown that the S-protein (SA) of L. acidophilus can be 

assembledd at an air-water interface and on lipid monolayers (Smit er al., 2001). 

Assemblyy at the hydrophobic air-water interface resulted in an S-layer outer face-to-air 

orientationn suggesting that the outer face is more hydrophobic than the inner face. The 
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orientationn of assembly at lipid layers varied depending on the lipid head group. On 

negativelyy charged lipids SA-protein assembly occurred with an inner face-to-lipid 

orientation.. This latter finding was explained by the surplus of positively charged amino 

acidd residues in the cell wall binding domain of the SA-protein which is thought to bind 

anionicc cell wall-associated polymers (Smit &. Pouwels, 2002 (chapter 3)). 

Surfacee Plasmon Resonance (SPR) is a technique that allows the measurement of the 

interactionn of biological molecules with or at surfaces in real-time. In the present work 

wee used SPR to analyze the adsorption of the L acidophilus surface layer protein to gold 

surfacess and the characteristics of the adsorbed protein layer. Since there is great 

interestt in stable, reusable and easily obtainable sensor coatings in the field of biosensor 

research,, we studied the possibilities of application of gold-adsorbed SA-protein as a 

coatingg (Brown, 1997; Woodbury era/., 1998). 

Material ss  and Method s 

Chemical ss  and reagents . l-Ethyl-3-(3-dimethylamino-propyl)carbodiimide hydrochloric 

acidd (EDC) was obtained from Fluka (Switzerland). 2-(N-morpholino) ethanesulfonic acid 

(MES),, biotin, biotinamidocaproic acid 3-sulfo-N-hydroxy-succinimide ester sodium salt 

(NHS-biotin),, N-hydroxysuccinimide (NHS), NHS-long chain (LC), 4-(2-hydroxyethy)-l-

piperazinee ethanesulfonic acid (HEPES), lithium chloride (LiCI), 

Tris(hydroxymethyl)aminomethanee hydrochloride (Tris-HCI), guanidine hydrochloride 

(GHCI),, mouse anti-biotin antibody (clone BN-34) and fumonisin Bl were obtained from 

Sigma.. Methyl-N-succimimidyl adipate (MSA) and EZ-Link Biotin-LC-Hydrazide were 

obtainedd from Pierce (Rockford, IL). Polyclonal SA-protein antiserum was obtained as 

describedd (Boot er a/., 1993), monoclonal anti-biotin (clone B4) was purchased from 

Sigmaa and anti-fumonisin Bl (clone P2D5) was a kind gift from Dr. C. Maragos (FDA, 

USA). . 

Cultivatio nn of bacteri a and isolatio n of surfac e laye r protein . The surface layer 

protein,, SA-protein, used in this study was isolated from Lactobacillus acidophilus 

bacteriaa (American Type Culture Collection (ATCC) 4356) as previously described (Smit 

etet al., 2001). Briefly, bacteria were grown anaerobically in MRS medium (Difco) to an 

opticall density (measured at 695 nm) of 0.6 and harvested by centrifugation (20.000 x 

g,, 20 min, . SA-protein was extracted from bacteria with 5 M LiCI after washing with 

0.9%% NaCI and 1 M LiCI. The 5 M LiCI extract contained highly purified SA-protein (2.5 

mg/ml)) that could be stored indefinitely in 5 M LiCI at room temperature (RT). LiCI was 
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removedd from the SA-protein solution using a Pall Gelman (Ann Arbor, MI) Microsep, low 

proteinn binding, ultrafiltration unit (molecular weight cut-off (MWCO) 30.000 Da) and 

replacedd by 50 mM Tris-HCI, pH 7.5. This SA-protein preparation could be stored for a 

feww days at . Prior to use the solution was diluted in MilliQ to 50 ug/ml. 

SPRR equipmen t and dat a analysis . SPR analyses were performed with a BIAcore 1000 

apparatuss and standard gold chips (SIA kit, BIAcore AB, Sweden). Experimental data was 

analyzedd using BIAcore software. All buffers were prepared with MilliQ water and filter-

sterilized.. Solutions were prepared with buffer or filter-sterilized MilliQ. HEPES-buffered 

salinee (HBS) was used as standard buffer. 

SA-protei nn adsorptio n to gold-coate d senso r chips . Before use, sensor chips were 

ethanoll vapor-cleaned (EVC), fixed to a polystyrene support and then mounted in the 

BIAcoree apparatus according to the instructions of the supplier. SA-protein adsorption to 

thee chips was determined during a six minute injection of a 50 ug/ml SA-protein solution. 

Afterr injection, the chips were regenerated with 0.5 M NaCI, 1 M NaCI and 25 mM NaOH 

(twicee each) and the amount of SA-protein that remained adsorbed was assessed after 

eachh regeneration step. In so-called incubation experiments, SA-protein was allowed to 

adsorbb to sensor chip surfaces for 3 h at RT prior to mounting of the chip in the BIAcore 

apparatus.. Before regeneration, the amount of SA-protein adsorbed was determined. 

Regenerationn was performed with 0.5 M NaCI, 1 M NaCI, 25 mM NaOH and 6 M GHCI. 

Bovinee serum albumin (BSA) (50 ug/ml) was used as a negative control in a similar 

incubationn experiment. Flow rate was set at 10 ul/min in all experiments. 

Bindin gg of specifi c antibodie s to un-modifie d SA-protein-coate d chips . S-layer-

surface-specificc antibodies were extracted from the polyclonal SA-protein antiserum 

accordingg to the method described by Martinez etal. (2000) (Martinez eta/., 2000). Chip 

surfacess were regenerated twice with 25 mM NaOH and twice with 6 M GHCI before 

antibodyy binding. The recognition of SA-protein immobilized on EVC gold chips by both 

antibodyy preparations (10 pg/ml in HBS) was studied during 7 min injections at 10 

ul/min.. 6 M GHCI was used to regenerate after binding of the antibodies. 

Chemica ll  modificatio n of SA-protein . Carboxyl groups of the SA-protein were 

activatedd by mixing 500 ul SA-protein solution (100 ug/ml, 10 mM MES, pH 6) with 100 

ull 200 mM EDC/50 mM NHS (10 mM MES, pH 6) and incubation for 10 min at RT under 

continuouss stirring. Biotin was coupled to carboxyl-activated SA-protein by addition of 

4000 pi EZ-Link Biotin-LC-hydrazide (2 mg/ml, 50 mM borate buffer) and incubation for 

300 min at RT. Coupling of biotin to amino groups was carried out by mixing 500 pi (2 
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mg/ml,, 50 mM borate buffer) NHS-LC-biotin with 500 pi of SA-protein solution (100 

ug/ml)) and incubation for 30 min under continuous stirring at RT. The mycotoxin 

fumonisinn Bl was coupled to SA-protein carboxyl groups as follows. 600 ul of an activated 

SA-proteinn solution was mixed with 400 ul fumonisin B l solution (0.5 mg/ml, 50 mM 

boratee buffer) and incubated for 10 min at RT under continuous stirring. Prepared SA-

proteinn material was used directly for immobilization on gold chips by incubation as 

describedd above. A chip coated with un-modified SA-protein served as a negative control. 

Inhibitio nn assay s wit h chemicall y modifie d SA-protei n chips . Inhibition assays 

weree performed with COOH- or NH2-biotinylated or fumonisin Bl-modified SA-protein 

chips.. Biotinylated, fumonisin-modified and un-modified SA-protein sensor chips were 

regeneratedd with 25 mM NaOH and 6 M GHCI for 1 min each prior to anti-biotin antibody 

injection.. Before injection monoclonal anti-biotin antibodies (10 ug/ml in HBS) or anti-

fumonisinn Bl antibodies (10 ug/ml in HBS) were mixed with increasing concentrations (1 

mg/mll to 0.3 ng/ml) of free biotin or fumonisin Bl (100 ug/ml to 0.1 ng/ml). Chips were 

exposedd to antibody-biotin or antibody-fumonisin B l mixtures by seven minute injections 

att 10 ul/min. Surfaces were regenerated with 6 M GHCI. Assays were performed in 

triplicate. . 

AFMM measurements . To visualize SA-protein immobilized on chip surfaces AFM was 

performedd with a Nanoscope I I I (Digital instruments, Santa Barbara, CA) as described by 

Riniaa et al. (1999). SA-protein-coated gold slides and untreated slides (~1 cm x 1 cm) 

weree prepared as described above. Prior to microscopy, slides were washed with MilliQ or 

100 mM NaOH followed by MilliQ and fixed to a metal support. 

Result s s 

Adsorptio nn of SA-protei n to gol d surfaces . Adsorption of SA-protein to ethanol vapor-

cleanedd EVC gold surfaces was first analyzed by exposing a BIAcore-mounted and 

regeneratedd chip to an SA-protein solution. Figure 1 shows a sensorgram of a typical 

injectionn experiment. The baseline response of the chip prior to injection was subtracted 

fromm the relative response to obtain the normalized values given in the figure 1. During 

thee course of the injection (6 min) a rapid initial increase of the response was observed 

whichh reached a level of about 5,000 RU after about one minute. In the remaining 5 min 

onlyy a slight increase to a plateau level of 5,600 RU was observed. Following injection a 

sloww dissociation of material from the surface was observed and after regeneration of the 

chipp surface with 0.5 M NaCI (figure 1, regeneration 1 and 2), 1 M NaCI (regeneration 3 
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andd 4) and 25 mM NaOH (regeneration 5) none of the adsorbed material remained 

bound. . 

Adsorptionn experiments in which SA-protein was incubated with the EVC gold surface for 

33 h prior to mounting in the BIAcore apparatus yielded quite different results compared 

too injection experiments. Figure 2 shows a sensorgram of a typical incubation 

experiment.. After incubation and mounting in the BIAcore a high response (5,800 RU) 

wass initially measured, which was not affected by treatment with 0.5 or 1 M NaCI (results 

nott shown). Regeneration with NaOH and GHCI resulted in a final response level of 2,200 

RUU (figure 2). Some variation was observed between flow cells (  400 RU) and between 

chips,, but final responses after regeneration were never below 1,800 RU's. The adsorbed 

SA-proteinn layer proved very stable over repetitive (up to 30) NaOH/GHCI washing cycles, 

indicatingg strong adsorption to the gold surface (results not shown). BSA, used as a 

control,, was also adsorbed but was completely removed by regeneration with NaOH or 

GHCII (results not shown). 

Timee (s) 

Figur ee 1 . Ss-protein 
adsorptionn to an EVC gold 
surfacee upon injection. The 
absolutee response is indicated 
inn response units (RU). Start 
andd end of the SA-protein 
injectionn are indicated with 
' A ' .. Regenerations are 
indicated:: (1) and (2) 0.5 M 
NaCI,, (3) and (4) 1 M NaCI 
andd (5) 25 mM NaOH. The 
responsee level reached after 
eachh regeneration as well as 
startt and end levels are 
indicatedd with ' > ' and '< ' . 
Sharpp up or down peaks of 
thee curve associated with 
regenerationn steps represent 
changess in refractive index 
causedd by the change in 
bufferr or solution. The chip 
baselinee response was 11,765 
RU. . 
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Figur ee 2. S»-protein adsorption 
too an EVC gold surface by 
incubation.. The absolute 
responsee is indicated units 
(RU).. Regeneration was done 
withh 25 mM NaOH (1 and 2) 
andd 6 M GHCI (3 and 4). The 
responsee level reached after 
eachh regeneration as well as 
startt and end levels are 
indicatedd between "> ' and '< ' . 
Thee baseline response of the 
chipp before incubation was ~ 
9,200. . 

2000 400 600 800 1000 

Timee (s) 

Characterist ic ss o f th e immobi l ize d SA -protei n layer . Using anti-SA-protein polyclonal 

antibodiess and anti-S-layer-surface antibodies we determined whether SA-protein 

adsorbedd to the gold surface with a specific orientation. While polyclonal antibodies 

boundd well to the chip surface, purified anti-S-layer-surface polyclonal antibodies hardly 

showedd any binding (figure 3). Binding of the non-purified polyclonal antibodies, when 

injectionn was stopped after 7 min, was still increasing indicating that there were 

additionall epitopes available for antibody binding. A response level of about 75 RU's was 

reachedd after injection which corresponds to one antibody molecule for every one 

hundredd SA-protein molecules. Repetitive adsorption and regeneration with GHCI of the 

SA-proteinn chip showed good stability of the antibody response (not shown). 

Figur ee 3. Binding of a 
polyclonall SA-protein 
antiserumm (T) and a 
purified,, surface-
specific,, fraction (S) to 
ann SA-protein coated 
andd NaOH/GHCI 
regeneratedd sensor 
surface.. Normalized 
responsess are 
indicatedd in RU. ' A ' 
indicatee start and end 
off the antibody 
injection. . 

38D D 
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Wee also used AFM in an attempt to visualize SA-protein immobilized on the gold chips and 

too determine whether the protein was bound in a crystalline form. Since the gold surface 

itselff was found to be quite rough, we were not able to visualize SA-protein crystals. We 

didd however observe a distinct 'smoothing' of the surface of the SA-protein-coated 

surfacee compared to an untreated surface. Regeneration with 25 mM NaOH resulted in an 

additionall smoothing. This result can be explained by assuming that the SA-protein that 

iss removed forms one or more stacked layers of SA-protein superimposed upon that 

boundd to gold. 

Thee effec t of chemica l modificatio n of SA-protei n on immobilization . Having 

determinedd the conditions for permanent and stable immobilization of SA-protein on EVC 

gold,, we analyzed the effect of chemical modification of SA-protein on immobilization. 

Carboxyll or amino groups of SA-protein were modified prior to immobilization but these 

modificationss did not affect the capacity of SA-protein to be permanently immobilized on 

EVCC gold. 

Figur ee 4. Inhibition assays 
performedd with anti-biotin 
monoclonall antibody and NH2-
biotinylatedd (top curve), 
carboxyl-- biotinylated (middle) 
orr unmodified (bottom) SA-
proteinn sensor coatings. Sensor 
surfacess were regenerated with 
NaOH/GHCII before use. 

a. a. 
w w c c o o a a </> > 
0) ) 
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Figur ee 5. Inhibition assays 
performedd with anti-fumonisin 
Bll monoclonal antibody and a 
SA-proteinn sensor coating with 
fumonisinn Bl-coupled carboxyl 
groups.. Sensor surfaces were 
regeneratedd with NaOH/GHCI 
beforee use. 

0.11 1 10 100 1000 10000 100000 

Furm'si nn Bl (nc/rri ) 

Biotinylationn of these groups also did not influence this capacity (figure 4). Using 

carboxyl-- or amino-biotinylated-SA-protein chips we analyzed the accessibility of the 

biotinn on the chip surface using anti-biotin. Figure 4 shows the results of inhibition assays 

withh these chips. Biotin was accessible for antibody binding on both types of modified SA-

proteinn chips. The response obtained for the amino-biotinylated chip was about 400 RU 

comparedd to 300 RU for the carboxyl-biotinylated chip. No response was obtained for an 

un-modifiedd SA-protein chip. At a concentration of about 2 ug biotin per ml the response 

off the amino-modified SA-protein coating was reduced by 50 % (IC50 value). A biotin 

concentrationn of 0.3 ug/ml however, already resulted in a significant reduction of the SPR 

response.. Figure 5 shows the result of an inhibition assay performed with a fumonisin 

Bl-modifiedd SA-protein coating. The maximum response obtained was approximately 110 

RU,, much lower than observed for biotinylated SA-protein, but the sensitivity of the 

measurementss was considerably higher. The IC50 value for fumonisin Bl was around 300 

ng/ml.. and already at a fumonisin Bl concentration as low as 40 ng/ml a significant 

reductionn of the SPR response was measured. 

Discussio n n 

S-layers,, as the outermost layer of the cell envelope of many bacteria, are important for 

thee interaction of bacteria with their environment. Especially S-layers of pathogenic 

bacteriaa seem to mediate cell adhesion as well as immune evasion (Dworkin & Blaser, 

1997;; Garduno et al., 2000; Kotiranta et al., 2000). The cell surface properties of 
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probioticc lactobacilli are the focus of many recent studies since it is thought that these 

propertiess play an important role in bacterial adhesion and persistence at mucosal 

surfaces,, prerequisites for the effectiveness of a probiotic (Dunne et al., 1999; 

Kailasapathyy & Chin, 2000). Lactobacilli from the L. acidophilus A homology group from 

whichh a number of well-known probiotic bacteria originate, possess an S-layer. Although 

aa role for these abundant cell surface proteins in adhesion seems obvious, only a few 

studiess have addressed this issue (Greene & Klaenhammer, 1994; Schneitz et al., 1993; 

Tobaa er at., 1995). In vitro studies of the interaction of S-proteins with solid substrates 

couldd help to yield insight in the interactions of S-layered bacteria with mucosal surfaces 

inin vivo. 

Inn this chapter we describe our studies on the interaction of the L acidophilus S-layer 

proteinn as determined by SPR. SPR allows to study the interaction between molecules 

andd with different substrates in real-time. The substrate chosen for the present study 

wass an ethanol vapor-cleaned (EVC) gold surface, which has moderately hydrophobic 

surfacee characteristics (water contact angle > . 

Wee analyzed the interaction of SA-protein with EVC gold in two ways. First the process of 

adsorptionn over a short period of time was determined. When an SA-protein solution was 

passedd over the gold surface (injection experiments) for a few minutes a steep increase 

off the adsorption curve was measured resulting in an almost saturated gold surface after 

aboutt one minute. A final response of 5,500 RU above background was reached 

correspondingg to 5-6 ng bound protein per mm2 (1000 RU ~ lng/mm2, BIAcore manual; 

Silinn & Plant, 1997). Since an amount to 2 - 3 ng/mm2 is needed to completely cover the 

availablee gold surface with a densely packed/crystalline monolayer of SA-protein, a higher 

responsee may be the result of stacking of SA-protein molecules. Regeneration with NaCI 

andd NaOH, respectively, resulted in complete removal of all adsorbed material showing 

thatt SA-protein binds only weakly to the substrate over the course of a few minutes. 

Whenn SA-protein was allowed to interact with the gold surface for a longer period of time 

thee results were altogether different. Exposing the gold surface to SA-protein for 3 hours 

resultedd in a similarly high response as observed in the injection experiments, but now 

regenerationn with NaCI, and even NaOH or GHCI was only partly effective in removing 

adsorbedd SA-protem. About 2.2 ng/mm2 remained bound after regeneration with all three 

agents,, an amount that corresponds closely to the theoretical value for an ordered 

monolayer. . 
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Inn previous in vitro studies we found that SA-protein binds to anionic substrates via it's 

celll wall binding domain, while it interacts with a hydrophobic surface via it's outer 

crystallizationn domain. The efficient adsorption of SA-protein to the moderately 

hydrophobicc gold surface suggests that interaction takes place via the hydrophobic 

crystallizationn domain. Binding of a polyclonal anti-SA-protein antiserum and a purified, 

S-layerr surface-specific antiserum to the adsorbed SA-protein layer, provided strong 

indicationss that SA-protein adsorbs with a specific orientation. Unpurified antibodies 

efficientlyy recognized SA-protein epitopes, while purified, surface-specific antibodies did 

nott bind to gold-adsorbed SA-protein. These results reinforce the conclusion that SA-

proteinn is oriented to the gold substrate with its outer face. Since no reactivity of bound 

SA-proteinn with S-layer surface-specific antiserum could be detected, all SA-protein 

moleculess are oriented in the same way in the adsorbed layer, strongly suggesting that 

thee layer possesses a crystalline structure. Whether the layer has crystalline properties 

cannott be concluded from these experiments. 

Orientationn of SA-protein with its outer face to the gold surface means that the C-

terminall cell wall binding domain of the S-layer protein is exposed to the environment. 

Too determine whether carboxyl or amino groups are involved in the stable immobilization 

too a gold substrate and in monomer-monomer interaction, we chemically modified these 

groupss in SA-protein prior to the immobilization phase. Coupling of biotin to amino and 

carboxyll groups and fumonisin Bl to carboxyl groups did not interfere with stable 

adsorption.. This finding suggests that the modified groups are not directly involved in 

eitherr the SA-protein-gold or monomer-monomer interaction. The high responses that 

weree observed with biotin- and fumonisin Bl-specific antibodies indicate that many 

carboxyll and amino groups are exposed on the SA-protein covered surface. This 

corroboratess our previous conclusion that the C-terminal region of the SA-protein 

containss many amino and carboxyl groups. 

Finally,, our data suggests that SA-protein is ideally suited for application as a generic 

biosensorr coating. SA-protein can be easily isolated and stored indefinitely, when 

dissolvedd in for example 6 M GHCI or 5 M LiCI. Moreover, SA-protein coating is carried out 

inn a single step obviating the need for complex and time-consuming procedures. The 

coatedd layer proved highly stable over repeated regeneration with chaotropic agents. 

Furthermore,, modification of SA-protein is easily performed and has no effect on the 

coatingg of gold. Our inhibition assays also showed the versatility and applicability of SA-

proteinn coating. The sensitivity of fumonisin Bl detection (~40 ng/ml) and IC50 in this 

assayy compares favorably with ELISA-based assays. Elissalde er al. reported ELISA IC50 

valuess of 300 to 670 ng/ml for fumonisin Bl depending on the monoclonal antibody used 
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(Elissaldee et al., 1995). Commercial ELISA-based fumonisin B l assays (for example from 

R-Btopharm,, Darmstadt, Germany) show a sensitivity the same order of magnitude 

(maximumm sensitivity ~10 ng/ml). 
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