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PREFACE

This work was performed under Forintek Canada Corp. General Revenue Project 3243K394 
entitled "Metabolites from Biocontrol Candidates" and its continuation as FC Project 
3212K205 entitled " Metabolites from Biocontrol Candidates" during the period from 
September 1991 to November 1992.

The general objective of this continuing project is:

"To isolate and characterize metabolites involved in the mechanism of biocontrol. To 
determine whether extracellular enzymes are involved in the mechanism of biocontrol. To 
determine whether any identified metabolites are known mycotoxins."

This report provides information under one of the goals of this project, namely:

"The candidate organisms will be screened for production of trichothecene- and gliotoxin-type 
derivatives."
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SUMMARY

In developing biocontrol technology against sapstain, Forintek identified ten potential 
biocontrol fungi. Identification of the metabolites that these leads can produce will help in 
understanding their mechanisms of biocontrol, facilitate product development, and is essential 
for regulatory acceptance. Identifed as a concern with some of the lead fungi is the potential 
that they may produce mycotoxins of the trichothecene- or gliotoxin-type.

In this study, the abilities of the leads to produce the mycotoxin, T-2 toxin, were determined 
by using enzyme-linked immunosorbent assays (ELISAs). Two icELISAs were tested for 
T-2 toxin analysis using commercially bought immunochemicals, Pab- and Mab-ELISA. 
Results from the Mab-ELISA were confirmed using a commercial diagnostic kit, AgriScreen. 
A bacterial assay for general toxicity was also tested.

T-2 toxin could not be detected as being produced by any of the biological control leads, 
under the conditions tested. T-2 toxin was only detected in cultures of a known producer, 
Fusariwn sporotrichioides, under all conditions used.

Using the Toxi-Chromotest, EL9 was indicated to be producing toxic metabolites.
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1.0 OBJECTIVE

To develop an ELISA method for the detection of T-2 toxin from ten potential biocontrol 
fungi using commercially available specific monoclonal antibodies or amplified polyclonal 
antisera. To compare the results with those obtained from two commercial diagnostic kits for 
mycotoxin analysis: (a) a specific test for T-2 toxin via immunoassay (AgriScreen); (b) a 
non-specific test for toxic substances via bacterial colorimetric assay (Toxi-chromotest).

2.0 INTRODUCTION

During the development of biocontrol technology against sapstain, Forintek identified ten 
potential biocontrol fungi. Identification of the metabolites that these leads can produce will 
help in understanding their mechanisms of biocontrol, facilitate product development, and is 
essential for regulatory acceptance. Identifed as a concern through literature searches 
(Sutcliffe and Miller, 1991), a risk assessment (Zhou and Rousseaux), and by other authors 
(for example, Miller, 1990), is the potential that these lead organisms may produce 
mycotoxins of the trichothecene or gliotoxin type. In this study, the ability of the leads to 
produce the harmful mycotoxin, T-2 toxin, was determined by using enzyme-linked 
immunosorbent assays and via a bacterial assay for general toxicity.

3.0 BACKGROUND

3.1 MYCOTOXINS IN GENERAL & THE TRICHOTHECENES

Mycotoxins are fungal metabolites capable of producing undesirable biological effects. Fungi 
capable of producing mycotoxins are referred to as toxigenic fungi. Toxigenic species can be 
found in all major taxonomic groups. However, most of the known mycotoxins have been 
recognized as the metabolic products of genera such as Aspergillus, Pénicillium, Fusarium, 
Claviceps, Alrernaria, Strachybotrys, Myrothecium, Phoma, and Diploidia. In addition to the 
genus Claviceps, other Ascomycetes and Deuteromycetes (Fungi imperfecti) are also known to 
produce various mycotoxins. Over 300 mycotoxins formed by 350 species are known 
(Betina, 1989; Ciegler et al., 1983; Cole and Cox, 1981).
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The trichothecenes are a group of closely related sesquiterpenes produced by various species 
of imperfect fungi. Over 80 natural members of this class of compounds have been reported. 
As a group they show a wide range of biological activity and a broad range of toxicity in 
vertebrate animals. They have been strongly implicated in natural intoxications of animals 
and man. They are recognized as the most important mycotoxic group.

T-2 toxin is by far the most toxic trichothecene isolated to date. It is a potent protein 
biosynthesis inhibitor, implicated in a number of mycotoxicoses, and causing the highly fatal 
"alimentary toxic aleukia" (Mirocha and Christensen, 1974; Sundheim et al., 1988; Ueno, 
1983). Because of the concerns raised with respect to this metabolite, attention in this report 
is focussed on T-2 toxin. Recently, concerns have been raised with respect to the synergistic 
toxicity of Fusarium metabolites that on their own have limited toxicity (ApSimon et al. , 
1991; Koshinsky and Khachatourians, 1992). Besides T-2 toxin only the trichothecenes 
deoxynivalenol (DON), nivalenol (NIV), HT-2 toxin (HT-2), and diacetoxyscirpenol (DAS) 
are frequently detected in natural combinations.

3.2 ASSAYS FOR T-2 TOXIN

Analytical methods developed to detect T-2 toxin include various physico-chemical and 
biological methods. The former include: thin layer chromatography (TLC), high pressure 
liquid chromatography (HPLC), gas liquid chromatography (GLC) and gas chromatography- 
mass spectroscopy (GC-MS). These methods either lack sensitivity or specificity or are 
laborious and require extensive clean-up of samples and expensive equipment (Kamimura et 
al., 1981; Miller et al., 1983; Pathre and Mirocha, 1977; Scott et al., 1981; Takeda et al., 
1979; Takitani et al., 1979). Original biological methods were the rabbit skin test and the 
mouse water refusal test. Alternative to these are the extremely versatile, sensitive, specific 
and simple to operate antibody-based immunoassays such as radioimmunoassay, RIA (Chu et 
al. , 1979; Fontelo et al., 1983) and the enzyme-linked immunosorbent assay, ELISA (Chiba, 
1988; Fan et al., 1984; Gendloff et al., 1984). The specificity of these assays, due to the 
nature of the antibody-antigen interaction, means that usually minimal pre-purification or 
sample clean-up will be necessary. In addition, immunoassays have a unique ability to 
routinely handle large numbers of samples. Of the two immunoassays, ELISA is more 
sensitive when pure mycotoxins are used. It does not require a licensed laboratory and the 
use of radioisotopes labeled toxins (Chu, 1991).

3.3 GENERAL PRINCIPLES OF ELISA

The enzyme-linked immunosorbent assay, ELISA, is a heterogenous enzyme immunoassay
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(EIA) requiring the separation of bound and free antigen and a solid phase to which the 
antibody or the antigen is bound. When EIAs do not require the separation step, the assays 
are termed homogenous and are usually performed in liquid phase. The general principles 
behind ELISAs are based on the high affinity antigen-antibody interaction and that proteins 
and other biological substances can passively adsorb to hydrophobic surfaces such as plastics. 
An antigen is a large chemically complex molecule or hapten-carrier conjugate (vide infra) 
that can induce immune response resulting in the formation of specific antibodies. An 
antibody is a protein produced in response to an antigen and that binds with a specific antigen 
or hapten to form a complex. For detailed discussions of ELISA, see for example, Engvall 
and Perlmann, 1972; Van Weemen and Schuurs, 1971; Voiler et al. 1979; Allen and Smith, 
1987; Hemmila, 1991; Nakamura et al., 1992; Van Emon and Lopez-Avila, 1992).

The assays make use of antigens or antibodies that are linked to an insoluble carrier surface, 
the plastic solid phase. This is then used to capture the relevant antigen or antibody in the 
test solution and the complex is detected by means of an enzyme-labeled antibody or antigen. 
The degradation of the added enzyme substrate is measured spectrophotometrically and is 
proportional to the concentration of the unknown antigen or antibody in the test solution. 
Inexpensive horse radish peroxidase (HRP) is used most commonly in ELISA. Alkaline 
phosphatase is also a preferable enzyme conjugate because of its relatively good stability and 
availability in highly pure form. Other enzymes such as /3-D-galactosidase, glucoamylase and 
glucose oxidase have also been used. These enzymes can be detected by colorimetric 
techniques at extremely low concentrations. It is thus possible to detect very low 
concentrations of antibody or antigen to which the enzyme conjugate is coupled.

3.4 IMMUNOASSAY FOR LOW MOLECULAR WEIGHT COMPOUND

Mycotoxins are generally low molecular weight compounds (under 10,000 Da) that are not 
antigenic. Via the hapten concept (Landsteiner, 1945), the non-antigenic nature of the low 
molecular weight mycotoxin can be rendered immunogenic by covalent conjugation to a 
protein or a polypeptide carrier. It is then used to immunize animals for antibody production 
(Weiler, 1989; Chu, 1991). A hapten is defined as a small molecule that cannot induce 
antibody production unless it is covalently bound to a carrier molecule to from an antigen. A 
hapten can react with the specific antibodies produced in response to the hapten-carrier 
conjugate. In principle, haptens should be coupled to soluble protein carriers such as bovine 
serum albumin (BSA), keyhole limpet hemacyanin (KLH), ovalbumin (OVA), or purified 
protein derivative of tuberculin (PPD). The ability of a hapten to elicit antibodies in animals 
depends on the amount of haptenic group conjugated to the protein and the orientation of the 
hapten on the protein molecule.
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A mycotoxin does not necessarily have a reactive group that can be directly conjugated to a 
protein carrier for antibody production. Derivatisation to introduce a reactive group into the 
molecule can be performed before coupling to the protein. Often the coupling functionality is 
placed at the end of an alkyl chain to offset the hapten from the carrier.

The following are some examples of mycotoxin derivatisation methods. For mycotoxins 
containing a hydroxyl side chain, acylation of the toxin with bifunctional anhydrides, like 
glutaric or succinic acid anhydrides, to form the corresponding hemiglutarate or 
hemisuccinate are used. For toxins containing a carbonyl group, a carboxymethyl oxime can 
be prepared. For toxins containing a primary alcohol group, the OH group can be oxidized 
to a carbonyl group for subsequent derivatisation. The derivatised toxin is then conjugated to 
protein carriers such as BSA, OVA or KLH (Chu et al., 1979; Chu, 1986; Zhang et al., 
1986).

Using different mycotoxin-protein conjugates as immunogen, specific antibodies, both 
monoclonal and polyclonal, against various specific mycotoxins and mycotoxin metabolites 
have been produced (Chu, 1979; Chu et ah, 1984; Fan et al., 1987; Hunter et al., 1985; 
Zhang et al., 1986). A monoclonal antibody (Mab) is a homogeneous antibody population 
derived from one specific antibody-producing cell and is typically produced in mice or rats. 
Polyclonal antisera (Pab) are antibodies obtained from sera of immunised rabbits, sheep or 
goats with a heterogeneous population of antibodies varying in specificity and affinity, 
resulting from many antibody-producing cells. The specificity, or the cross-reactivity, of an 
antibody is dictated by the type of mycotoxin or mycotoxin metabolites used in antibody 
production and by the mycotoxin site of conjugation to the carrier protein. The accuracy of a 
mycotoxin immunoassay is affected by both the specificity of the antibody used and also by 
the presence of structurally related analogs of the mycotoxin in the sample that may react 
with the antibody.

3.5 COMPETITIVE ELISA FOR T-2 TOXIN MYCOTOXINS ANALYSIS

There are two types of ELISA used for T-2 toxin analysis. Both are heterogenous 
competitive immunoassays, the direct and the indirect competitive ELISA (Chiba et al.,
1988; Fan et al., 1984; Gendloff et al., 1984; Kawamura et a l ,  1990; Ramakrishna et al., 
1990).

The direct competitive ELISA, dcELISA, uses labeled-antigen (enzyme-T-2 toxig mycotoxin 
conjugate) in which antigen binding to the antibody is directly monitored by the displacement 
of the enzyme-labeled antigen from the specific antibody (Figure la). Initially the specific 
antibody is immobilised directly, or via an optional secondary antibody, to the solid phase.
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Figure 1 Competitive Enzyme-Linked Immunosorbent Assays (ELISA) for Antigens of 
Low Molecular Weight Compounds: (a) Immobilised Antibody and Enzyme 
Labeled Antigen (Direct ELISA); (b) Immobilised Antigen-Proteig, Conjugates 
and Enzyme-Labeled Antibody (Indirect ELISA).
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It is followed by incubation of the T-2 toxin standard or sample and the enzyme-mycotoxin 
conjugate simultaneously. After washing, enzyme substrate is added and incubated. The 
colour produced by the reaction of bound enzyme and the substrate is determined 
spectrophotometrically. It is inversely proportional to the amount of T-2 toxin present in the 
sample.

In the indirect method, icELISA, a labeled second antibody is used instead of a labeled- 
antigen (Figure lb). In this assay, mycotoxin-protein conjugate is prepared and immobilised 
to the solid phase. It is then incubated with the specific antibody (against the specific 
mycotoxin) in the presence or absence of the homologous mycotoxin, i.e. the mycotoxin 
standard or sample. The specific antibody bound to the free mycotoxin is removed during 
washing. The amount of antibody bound to the immobilised mycotoxin-protein conjugate on 
the plate is determined by the reaction with a second antibody-enzyme complex (anti to the 
host species to which the specific antibody is raised) and subsequently by the reaction with 
the enzyme substrate. The mycotoxin in the sample competes with the mycotoxin 
immobilised on the plate for the same binding site with the specific antibody. The sensitivity 
of the icELISA is better than the dcELISA and requires less specific antibody as well. 
However, both competitive ELISA methods depend critically on the precise amounts of three 
things: the standard or sample; the labeled antigen or immobilised antigen; and the specific 
antibody. In addition, the specific antibody must possess high affinity for both the antigen 
and the labeled conjugate in these assays.

3.6 CHOICE OF IMMUNOCHEMICALS AND OTHER TECHNIQUES

In this study, icELISA and dcELISA methods were performed for T-2 toxin analysis. The 
icELISA was developed for both monoclonal and polyclonal systems using immunochemicals 
bought commercially (Sigma Chemical Company, USA). These were used because of their 
availability and technical limitations to producing antibodies and antigen conjugates in this 
laboratory. According to the manufacturer, the T-2 toxin monoclonal antibody and 
polyclonal antiserum are produced using T-2 toxin-KLH as immunogen. These antibodies do 
not cross-react with DAS (diacetoscirpenol) or DON (deoxynivalenol), but recognise T-2 
toxin metabolites such as HT-2 toxin and IsoT-2 toxin. The polyclonal antibodies used is 
biotinylated, that is, it is conjugated to biotin to allow greater accessibility in coupling with 
the enzyme conjugate, an avidin conjugated HRP. It has been shown that the use of the 
avidin/biotin labelling system in ELISA offers an amplification step which results in a 
substantial increase in sensitivity from 20 to 80 times higher than the standard ELISA 
(Kendall et al., 1983). The statistical analysis of the within-assay and inter-assay variation of 
the ELISA results in this study was not examined since the methods adopted were developed 
and well studied by Chu and co-workers and other research groups (Chiba et a l ,  1988;
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Ramakrishna et al., 1990).

The results obtained using the above systems were compared to those obtained from a 
commercial diagnostic testing kit for T-2 toxin, the AgriScreen immunoassay kit from 
Neogen Corporation (Michigan, USA). This test kit is based on the dcELISA format using 
T-2 toxin specific monoclonal antibody bounded to a solid phase, the inside wall of micro 
wells. This specific antibody cross-reacts 100% with T-2 toxin, and acetyl T-2 toxin but 
only 6% with isoT-2 toxin. There were no cross-reactivities with HT-2 toxin, DAS, DON, 
or TRIOL. The T-2 toxin sample or standard is premixed with the T-2 toxin-enzyme 
conjugate (T-2 toxin-HRP) and allowed to incubate with the bound antibody in the coated 
wells. The free T-2 toxin and the T-2 toxin-enzyme conjugate compete to bind to the 
antibody sites in the coated wells. After addition of enzyme substrate (tetramethyl benzadine 
and H20 2) and development of colour in the presence of the enzyme conjugate, a stopping 
reagent is added and the amount of red colour development is inversely proportional to the 
amount of toxin present.

The other commercial kit tested is the Toxi-Chromotest from Orgenics Ltd. (Israel, USA).
It is not an immunoassay but a non-specific biochemical assay for fast detection of toxicity 
via a bacterial colorimetric method. It is based on the ability of toxic materials and 
antibiotics to inhibit de novo synthesis of the inducible enzyme /3-galactosidase in a highly 
permeable mutant strain of the bacteria E. coli. It is highly sensitive to a wide spectrum of 
toxic substances such as pesticides, mycotoxins and heavy metals. This assay usually does 
not require a lengthy process of sample preparation as demanded for chemical assays. The 
sensitivity of this toxi-chromotest is enhanced by exposing the bacteria to stressing conditions. 
The lyophilised stressed bacteria are rehydrated in a mixture containing a specific inducer of 
/3-galactosidase and the essential factors required for the recovery of the bacteria from their 
stressed condition. The activity of the induced enzyme is detected by the hydrolysis of a 
chromogenic substrate. Toxic materials interfere with the recovery of most metabolic 
functions of the bacteria and thus with the synthesis of the enzyme, resulting in a decreased 
colour formation.

3.7 MEDIA SELECTION FOR TOXIN PRODUCTION STUDIES

For most fungi, the production of mycotoxins is not restricted to natural substrates. They are 
able to produce potent mycotoxins in pure culture on laboratory substrates. The conditions 
for toxin production, however, can be more restricted than for growth. The best media for 
toxin production can depend on the species and even on the strain (Frisvad, 1988). In order 
to identify any possibility of toxin production among the ten biocontrol fungi, several media 
cited in literature (Frisvad, 1988; Miller et al., 1991) for best toxin production were tested.
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The series of media used include: a natural cereal medium with rice; a malt based medium 
(ME) as used earlier in the extracellular enzyme screening study (Sutcliffe and Chan, 1992); 
a medium formulated for spore production by Mycogen Corp., USA (LIMM); a highly 
nutritious medium of glucose, yeast extract and peptone (GYEP); and two chemically defined 
media (MYRO and MOSS). Both MYRO and MOSS contain a high carbohydrate level of 
sucrose and the latter medium is enriched with micronutrients. A known producer of T-2 
toxin, Fusarium sporotrichioides, was also included as a positive control in this study.

3.8 SAMPLE PREPARATION FOR MYCOTOXIN ANALYSIS

Since a clean-up step is generally not necessary for liquid cultures (Nagayama et al., 1988), 
the culture filtrates of the fungi of interest grown in the five different liquid media were 
subjected to the icELISA using the T-2 toxin polyclonal antiserum and monoclonal antibody. 
Results from these assays were used to reduce the number of fungi to be confirmed and 
compared subsequently with the commercial kits by eliminating the non-toxin producers, 
because of the cost of the commercial kit. The matrix of the samples (culture filtrates) may 
cause interference with the ELISA. This is generally overcome by dilution of the sample to a 
range which does not affect the assay (Chu et al., 1987). In the case of the natural cereal 
samples, various extraction methods have been used by various researchers. The traditional 
methods recommended for T-2 toxin extraction involve procedures using methanol and water 
(Gendloff et al., 1984; Kamimura et al., 1981; Romer et al., 1978) or ethyl acetate (Illus et 
al., 1981; Scott, 1982; Greenhalgh et al., 1991). However, instability of T-2 toxin in 
methanol at room temperature (Wei and Chu, 1986), the break down of T-2 toxin in other 
aqueous media and at elevated temperature >37°C (Trusal, 1985), and the interference from 
methanol extracts on the icELISA (Gendloff et al., 1984; Ramakrishna et al., 1990) have led 
to the use of alternate extraction solvent, acetonitrile and water (Kawamura et al., 1990).

Simple post harvest clean-up of culture filtrates or cereal extracts prior to mycotoxin analysis 
is frequently practised using a chromatographic procedures with ChemElut columns 
(previously named as ClinElut, Miller et al., 1991) or with Florisil columns (Kawamura et 
al., 1990; Sundheim et al., 1988). Florisil is basically activated magnesium silicate and is 
commonly used in pesticide analysis. ChemElut consists of diatomaceous earth which is 
basically siliceous frustules and fragments of various diatom species. The clean-up procedure 
of Miller et al. (1991), using ChemElut columns and ethyl acetate as the extracting solvent, 
was employed in this study. As shown by Gendloff and coworkers, the interferences on the 
icELISA were due to the extracted materials by methanol and not by methanol per se.
Hence, the extraction method adopted in this study involved: extraction with acëtonitrile and 
water; defatting with n-hexane; partitioning of polar contaminants by introducing chloroform 
to re-extract the mycotoxin; and clean-up through ChemElut column. The ethyl acetate
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extract from the ChemElut column was taken to dryness then reconstituted back with 
methanol or with ELISA buffer before analysis by ELISA.

4.0 MATERIALS AND METHODS

4.1 MAINTENANCE OF DIFFERENT ORGANISMS

The 10 biocontrol fungi studied are all wood inhabiting fungi from the Forintek Culture 
Collection: ELI, EL2, EL3, EL4, EL5, EL6, EL7, EL8, EL9, ELIO. Also included in this 
study is a known T-2 toxin producer, Fusarium sporotrichioides (obtained from Agriculture 
Canada), as the positive control. ELI was maintained on slants of potato dextrose agar 
(PDA) at 39 g/L. The other fungi were all maintained on slants of malt extract agar (MA) 
consisting of 2% malt extract and 2% agar. Both media were autoclaved for 20 minutes at 
121 °C, without pH adjustment and used at 10 mL per slant. The maintenance slants were 
kept at 4°C until use. Prior to use as inoculum the fungi are transferred from the 
maintenance slants to fresh MA plates (100x15 mm) and incubated at 25°C in the dark for 
two to three weeks, depending on the growth rate of individual fungus.

4.2 FERMENTATION

For each fungus, five submarginally cut mycelial plugs (8 mm diameter) from MA plate were 
used to inoculate 50 mL medium in a 250 mL erlenmyer flask. This medium consists of 
glucose 20g, NH4C12 3g, KH2P04 2g, MgS04 2g, FeS04.7H20  0.2g, yeast extract 2g, malt 
extract 2g, peptone 2g, per L deionised distilled water (dd H20). These cultures were used 
as seed inoculum subsequently. This medium and all subsequent media were autoclaved at 
121°C for 12 min prior to inoculation. The cultures were incubated at 27°C for 48 hr in the 
dark and shaking at 100 rpm. The resulting cultures were separately macerated in sterile 
Waring blenders for 3x3 sec and aliquots of 2.5 mL were inoculated into 25 mL media for 
each fungus in five different media (in duplicates). The composition of the five media is 
presented in Table 1. The cultures in MYRO, MOSS, ME and LIMM media were incubated 
at 27°C with 100 rpm, while that of GYEP was incubated without shaking. Uninoculated 
media were used as negative control. Aliquots of 2 mL cultures were collected weekly for 
four weeks. On the fourth week, all the remaining cultures were collected. Filtrates were 
obtained by filtering through Whatman #1 filter paper. The filtrates were kept frozen until 
subjected to ELISA.

9



Table 1

Chemical Composition of the Media MYRO, MOSS, GYEP, ME, and LIMM 
Used for Growth of Biocontrol Leads, ELI to ELIO, and 

the Control Fungus, Fusarium sporotrichioides

Chemicals
(g/L)

MYRO MOSS GYEP ME LIMM

glucose 10 20
sucrose 40 62.2 20
yeast extract 1
malt extract 20
peptone 1 1
glycerol 10
glycine 3.5

(NH4):HP04 1
nh4no2 3.5
kh2po4 3 2 2
MgS04.7H20 0.2 0.38 0.2
NaCl 5
CaC03 2
NaN03 0.8
KNOj 0.8
FeCl3.6H20 0.021
ZnS04.7H20 0.002 0.01
FeS04.7H20 0.002
CuS04.5H;0 0.0003
MnS04.H20 0.00015
K:Mo04.5H20 0.00028

pH (before autoclaving) 6.2 5.5 6.5 6.3 .* 1
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For each fungus, an aliquot of 2.5 mL seed inoculum was also used to inoculate 25 g Uncle 
Ben’s rice moistened with 6 mL dd H20 . The rice samples were prepared in 250 mL wide- 
mouth flasks, foam-stoppered and tightly sealed with aluminum foil. They were autoclaved 
at 121 °C for 12 min, cooled and then inoculated correspondingly. The rice cultures were 
incubated at 27°C for 30 days (four weeks) in the dark without shaking. Uninoculated rice 
was used as negative control.

4.3 EXTRACTION OF T-2 TOXIN FROM RICE SAMPLES

At the end of the incubation period, infected rice (25 g) was extracted with 200 mL 
acetonitrile-water (3:1) by blending for 2 min in a Waring blender. The extract was filtered 
through Whatman #41 filter paper. The volume of filtrate was noted and transferred to a 
separatory funnel. Equal volume of n-hexane was added and the mixture was shaken for 1 
min. After separation, the bottom hexane layer was discarded. To the defatted aqueous 
acetonitrile layer was added an equal volume of chloroform-0.5 % NaCl (3:1) and the 
resulting mixture shaken for 2 min. The mycotoxins were partitioned into the chloroform 
layer leaving the polar contaminants in the aqueous phase. The chloroform layer was 
transferred to a round bottomed flask and rotary evaporated at ~37-40°C until a volume of 
-3-4 mL remained. This was then transferred to a 5 mL disposable glass vial and dried 
under a stream of nitrogen. The dried extracts were kept at 4°C until subjected to ELISA. 
Reconstitution of the extract was performed with 150 nL ELISA buffer (PBS-Tween) 
containing 10% ethanol (per sample) in an ultrasonic bath for three minutes.

When the alternative extraction method using 70% methanol as extraction solvent was used, a 
simple clean-up step via ChemElut column was included prior to Mab- and Pab-ELISA. The 
rice samples prepared for use with AgriScreen were not purified via the ChemElut procedure. 
An alternative extraction method was adopted from the AgriScreen diagnostic kit involving 
extraction of 5 g infected rice with 25 mL 70% aqueous methanol. The rice samples had 
been grounded to particle size of "instant coffee" via blending before extraction. The mixture 
was shaken vigorously for 10 min, then filtered through glass wool-packed 5 mL disposable 
syringe. The methanol extract of the rice blank, EL4 and F. sporotrichioides were subjected 
to AgriScreen directly. The volume of the aqueous methanol extracts of other fungi for 
icELISA were rotary evaporated to 7 mL. They were then diluted to 20 mL with dd H20  
and added to the ChemElut column.

4.4 PROCEDURE FOR CHEMELUT CLEAN-UP

About 20 mL culture filtrate or aquoeus rice extract were added to the ChemElut column and
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eluted via gravity. The absorbed mycotoxin was then re-extracted from the column using

foil25 y aCet“e' The Comblned eth>'' acelate « t o o  was rotary evaporated to dryness
followed by reconstitution with 300 UL methanol. One hundred and fifty „L  was kept for
analysis if required by GC-MS. The other 150 „L  was dried under N2 L  ^onsthuted to
150 uL  with ELISA buffer (PBS-Tween-BSA) and subjected to Mab- and Pab-ELISA.

4 '5 PROTOCOL FOR icF.I.TSA USING COMMFRP1AT ANTinnrMcc

4.5.1 Apparatus and Reagents for icF.T T9 A
All chemicals used were reagent grade or chemically pure.

1).

2).
3).

4) .
5) .
6)  .

7) .
8)  .

9) .
10)  .

12).

13).

Automatic pipets - Titertek (Flow Lab., USA) 8 channel automatic pipet (50-200 uL)
and Gilson Pipetman of 50, 100, and 1000ML sizes (Mandel Scientific Co. Ltd.,
Canada). Microtitration plates - Immulon 1 (Dynatech Lab. Inc., USA) polystyrene
flat bottom plates with 96 wells. Plate reader - optical densities at 490 nm was
determined using a microplate reader, model EL310 (Bio-Tek Instruments Inc., USA)
Coating buffer - 0.05 M carbonate-bicarbonate buffer, pH 9.6
Washing buffer - Phosphate buffered saline with Tween 20, PBS-T, consists of 0.01
i P n°nP̂ te b/Uffer’ ° '° ° 21 M potassium chl°ride, 0.137 M sodium chloride, pH 7 4 plus 0.05% (v/v) Tween 20. p ’

Dilution buffer - PBS-T-BSA consists of 0.1 % BSA made up in PBS-T 
Coating antigen - 1 Mg/mL T-2 toxin-BSA (Sigma) in coating buffer, made fresh 
Blank negative control - 1 jxg/mL BSA in coating buffer.
Blocking solution - PBS-BSA consists of 0.5% BSA in PBS with no Tween.
T-2 toxin standard - T-2 toxin (Sigma) stock solution made at 1 mg/mL in methanol 
and kept at -20 C. Working serial dilution of T-2 toxin was made in dilution buffer 
and concentration ranged from 0.1 - 10,000 ng/mL.
Sample preparation - as described in the previous sections.
Polyclonal antibodies - biotin anti-T-2 toxin conjugate (Sigma) was diluted 1:800 with 

S-T pnor to use. The antibody was raised in rabbit against T-2 toxin-KLH and 
reacted with T-2 toxin. The fractionated antiserum was conjugated to biotin for 
enhanced sensitivity. 11 -ExtrAvidin Peroxidase - ExtrAvidin-HRP enzyme conjugate
(Sigma) was diluted 1:1000 with PBS-T and used with the Biotin anti-T-2 toxin 
system.

Monodona! antibodies - monoclonal anti-T-2 toxin (Sigma) was diluted 1:2,000 in 
PBS-T pnor to use.
Mouse IgG Peroxidase (GAM-IgG-HRP) - the secondary antibody conjugated to HRP
“ “I  n i0rat-ran“ ' m0USe IgG;HRP enz>’mc conjugate (Sigma) and was diluted 1:10,000 
with PBS-T pnor to use with the monoclonal system.
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14) . Substrate buffer - made from stock solutions of [A] 0.1 M citric acid, [B] 0.2 M
Na2HP04. Mixture of [A] and [B] plus water was adjusted to pH5 prior to addition 
of enzyme substrate.

15) . Enzyme substrate solution - for 10 mL solution, 4 mg o-phenylenediamine
dihydrochloride (OPD) was dissolved in 2.43 mL [A], 2.57 mL [B], 5 mL ddH20 , 
and added with 4 pL  (30%) H20 2. The solution was prepared just before use.

16) . Stop solution - I N  H2S04.

4.5.2 Procedure for icELISA

The icELISA was optimised for the use with the Sigma immunochemicals. The variables 
examined included: the coating conditions at 4°C or 37°C, for a few hours or overnight; 
with or without the use of BSA blocking to minimise unspecific binding; the concentration of 
coating antigen; and the dilution of primary and secondary antibodies. The following 
procedure is the finalised version of the icELISA used in the determination of T-2 toxin in 
culture filtrates and rice extracts of the ten biocontrol fungi and the control fungus, Fusarium 
sporotrichioides.

One hundred pL  of T-2 toxin-BSA conjugate solution was added per well on a microtitre 
plate. As negative control, 100 pL  of BSA solution was used at the blank well. The plate 
was incubated uncovered at 37°C for 2.5 h. After washing the wells 1x2 min with 200 
ML/well PBS-T, 200 juL/well of 0.5% BSA in PBS was added and incubated at room 
temperature for 1 h. The subsequent washing steps in between all incubations were 
performed with 200 qL/well PBS-T for 3x2 min. After washing, 50 pL samples (diluted 
1:1, 1:10, 1:100) or T-2 toxin standards (0.1 - 10,000 ng/mL) dissolved in PBS-T-BSA was 
added. Then 50 pL of anti-T-2 toxin polyclonal or monoclonal antibodies in PBS-T was 
added immediately. The blank well was added with 50 pL each of PBS-T-BSA and PBS-T. 
The plate was incubated in a covered container at room temperature for 1 hour at 50 rpm on 
an orbital shaker. After washing, 100 pL/well of ExtrAvidin-HRP was added for the 
polyclonal system and 100 /^L/well of GAM-IgG-HRP was added for the monoclonal system. 
The blank well was added with 100 /xL/well PBS-T. The plate was incubated in covered 
container at room temperature for 1 h without shaking. After washing, 100 /iL/well substrate 
solution was added to all wells. After incubation in the dark at room temperature for 30 min, 
the substrate solution was added with 100 /iL/well stop solution. Upon further incubation for 
5 min, the optical density of the substrate reaction at 490 nm was recorded on a microplate 
photometer. On each plate, at least triple wells were prepared with each standard and 
sample.
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4.5.3 Calculation for icELISA

Standard curve of T-2 toxin was obtained by plotting log10 concentration against averaged 
absorbance values at 490 nm. For each microtitre plate, a separate standard curve of T-2 
toxin was prepared and used to calculate T-2 toxin concentration of samples assayed on that 
plate. Concentration of T-2 toxin in the samples were determined from the standard curve 
and used to calculate concentration in the original sample: toxin concentration (ng/mL) = 
[toxin concentration (ng/mL) in sample extract X sample extract volume (mL)]/sample weight 
(g).

4.6 RECOVERY OF T-2 TOXIN IN T-2 TOXIN-SPIKED SAMPLES AFTER 
CHEMELUT CLEAN-UP

To 20 mL of uninoculated media blank, namely, MOSS, MYRO, ME and GYEP, and 5 g of 
rice sample, pure T-2 toxin (made up in methanol) was added at 0, 1, and 10 fig per sample. 
Aliquots from each T-2 toxin-spiked media blank were subjected to Pab- and Mab-ELISA.
To the 5 g rice which had been spiked with T-2 toxin, 24 mL of 75% methanol was added 
and blended for 3 min, filtered through Whatman tt 1, rotary evaporated to approximately 6 
mL and made up to 20 mL with d H20. Aliquots was sampled for icELISA. All the 
samples were passed through ChemElut column where the absorbed T-2 toxin was re
extracted using 2X25 mL ethyl acetate (elution via gravity) and collected overnight at room 
temperature. The ethyl acetate extract was rotary evaporated to <5  mL then dried under a 
stream of N2. The dried extract was reconstituted to 300 /xL with methanol. Half was stored 
for GC-MS if necessary. The other half was dried under N2, then reconstituted to 150 /xL 
with PBS-T-BSA (on ultrasonic bath) for subsequent icELISA.

4.7 PROCEDURES FOR USE WITH COMMERCIAL DIAGNOSTIC KITS

To carry out the AgriScreen test from Neogen Corp., the directions provided with the 
diagnostic kit was followed with slight modifications. The rice samples was extracted with 
70% methanol using the apparatus and solutions provided in AgriScreen Extraction Kit. The 
extracts and culture filtrates were tested for T-2 toxin as followed using precoated micro 
wells, standard and reagents provided in the kit. The T-2 toxin standard/samples were mixed 
with the T-2 toxin-enzyme conjugate (HRP-T-2 toxin) at equal volumes. The mixture was 
transferred to the micro wells precoated with anti T-2 toxin antibody at 100 /xL/well. 
Incubation was performed at room temperature for 10 min. After washing several times with 
running tap water to remove excess conjugate and other reagents, 100 /xL/well enzyme 
substrate (tetramethyl benzadene+H20 2) was added and incubated for 10 min at room
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temperature. The colour reaction was stopped by adding 100 ^L/well of stopping solution. 
The mixture was transferred to a microplate at 100 /xL/well and the optical density read at 
650 nm (instead of the recommended 630 nm) with a microplate reader. The ABS values of 
the samples were compared with that of the standard for subsequent estimation of T-2 toxin 
concentration in the samples.

To carry out the Toxi-Chromotest from Orgenics Ltd., the standard procedure provided with 
the diagnostic kit was followed. Besides mercury chloride (HgClj), other toxins tested 
included T-2 toxin and gliotoxin (Sigma Co.), commercially available peptaibols, alamethicin 
and paracelsin (Fluka). Serial five fold dilutions of toxins or samples were prepared in 
ddH20  diluent and added at 100 /iL/well to the microplate provided. Blank controls included 
in the test were ddH20  diluent, reconstitution solvent for the toxins (5% methanol), culture 
media and rice blanks. The bacteria (a highly permeable mutant of E. coli) rehydrated in the 
given reaction mixture was then added at 100 mL/well and incubated at 37°C for 120 min. 
Then 100 /xL/well of blue chromogenic substrate was added. After incubation for 90 min at 
37°C, the optical density was read at 630 nm (instead of the recommended 615 nm). The 
blank containing ddH20  and the reaction mixture with no bacteria was used to zero the 
microplate reader.

4.8 GC-MS ANALYSIS OF T-2 TOXIN

GC-MS analyses were performed on a Hewlett Packard 5890 GC equipped with a HP 5970 
mass selective detector. A methylsilicone column (HP Ultra2 25m x 0.20 mm ID x 0.33 
micron film thickness) was used. The samples (1 qL) were injected on-column using an 
HP7673 autoinjector. The initial column temperature of 60°C was held for 1.0 min after 
which the temperature was ramped up to 290°C at the rate of 10°C min'1 and held at this 
final temperature for 11 min. A sample of extracted Parafilm was injected for comparison. 
Under the conditions used hydrocarbons C29 and C30 had retention times (min) of 30.03 and 
31.93, respectively. The samples were analyzed with and without derivatization to the 
trimethylsilyl (TMS) derivatives. T-2 toxin eluted at 31.05 min and the T-2 toxin-TMS 
derivative at 29.15 min. Samples were run and detected using total ion monitoring and using 
appropriate masses for single ion monitoring.
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5.0 RESULTS AND DISCUSSION

The original enzyme linked immunosorbent assay (ELISA) described by Engvall and 
Perlmann (1971, 1972) and its modifications (Voiler et al., 1979 and 1980; Breuil, 1987, 
1989; Breuil et al., 1988; Chiba et al., 1988; Fan et al., 1984; Gendloff et al., 1984) have 
been used extensively for quantification of specific antibodies and related antigens in a variety 
of samples. In general, most of the different methods follow the pattern described by 
Engvall and Perlmann (1971, 1972). They consisted of a solid phase with bound antigen or 
antibody which reacted with an enzyme labeled antigen or antibody. The reaction is 
quantified by the amount of substrate split by the enzyme conjugated to the antibody or 
antigen. In this study, attention was focused on the optimisation of an indirect competitive 
enzyme-linked immunosorbent assay (icELISA) for the estimation of T-2 toxin production by 
the potential biocontrol fungi.

The icELISA method is carried out as follows:

1) . The antigen-BSA conjugate (T-2 toxin-BSA), ie. the bound T-2 toxin, is coated to the
solid phase which is then washed, and blocked with BSA to minimise unspecific 
binding;

2) . The appropriately diluted T-2 toxin samples/standard (free T-2 toxin) is added, and
immediately after, the specific antibody is added, incubated and washed;

3) . An enzyme labeled secondary antibody (anti-species-globulin) is added and allowed to
react, then washed;

4) . The enzyme substrate is added and the degradation of the substrate results in colour
change, the colour change is inversely related to the amount of free T-2 toxin present.

In the development of icELISA for T-2 toxin analysis, four major practical aspects were 
considered. These were the coating conditions of antigen to the solid phase, the washing and 
blocking steps, the appropriate dilution of antibody, and the amount of enzyme conjugate and 
substrate used.

5.1 EXPRESSING icELISA RESULTS

The result or response in enzyme immunoassay is the enzymatic generation of a measurable 
product. Several factors can affect assay performance, which is directly reflected in the 
formation of the final product. Factors that may contribute to inter-plate or intra-plate 
variability are: the adsorption and desorption characteristics of coating microplate, the exact 
amount of reactants added, fluctuations in incubation temperatures and timing of the various
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assay steps which affect the kinetics of enzyme reaction, and the multiple washing steps that 
affect the assay efficiency. In competitive ELISA, the major factors causing assay variability 
are: the dependency on the precise amounts of the standard or sample, the immobilised 
antigen, the specific antibody; and the conditions at which competition between free and 
bound antigen with the specific antibody occurs. Assay precision is thus crucial as it forms 
an integral part of icELISA.

The approach to counter intra-plate variation is usually by running individual sample several 
times in each assay per plate and obtain the coefficient of variation. The inclusion of 
reference standards in each run and assaying the sample in different runs minimize the 
interplate variation. Incorporating reference standards in each plate for quantifying test 
sample assayed in the same plate minimizes variation caused by failure of absolute 
standardization of assay steps between plates. Slight difference in assay steps between plate 
influences reaction rates in different plates that subsequently lead to inter-plate variation of 
ELISA response of the same sample. In the optimisation of assay conditions, icELISA 
response, expressed as inhibition standard curves, from different conditions were compared. 
The inhibition standard curves were constructed by plotting percentage inhibition vs. the 
concentration of standard on semilog scale. Inhibition (%) of specific antibody binding to the 
immobilised antigen on plate = [{Ao-A^lAo]X\00 where A is the absorbance at 490 nm in the 
absence (A0) or presence (A,) of inhibitor, ie. T-2 toxin standard or sample. This way of 
expressing ELISA response allows inter-plate comparison without hindrance due to different 
absorbance réponse of the same standard from different plate. For estimation of T-2 toxin in 
an unknown sample, a standard curve (from standards ran on the same plate as sample) was 
constructed with ELISA réponse (absorbance at 490 nm) vs. the log10 concentration of T-2 
toxin standard. The calculation was followed as described in the Materials and Methods 
section.

5.2 OPTIMISATION OF icELISA FOR THE MONOCLONAL ANTIBODY (Mab) AND 
BIOTIN POLYCLONAL ANTIBODY (PabI SYSTEMS

5.2.1 Effect of Antigen Coating Condition on icELISA

The attachment of antigen to the solid phase is based on the hydrophobic interactions between 
proteins and the plastic surface. For most proteins and lipoproteins, studies have shown that 
antigen at 1 /xg/well in carbonate buffer pH 9.6 give satisfactory ELISA response, while 10 
to 20 /xg/well are more appropriate when cells are used as antigen.

Three concentrations of antigen, T-2 toxin-BSA, at 1, 5, and 10 ^ig/mL (or 0.1, 0.5, 1 
Mg/well) were tested in icELISA using Mab and Pab (Figures 2 and 3). The amount of
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Figure 2 Effect of Antigen Coating Conditions on icELISA Using Anti T-2 Toxin
Monoclonal Antibody (Mab, Diluted 2000X): 4°C Overnight (•); 37°C for 
2h (♦). Data Averaged from Triplicates. Inhibition (%) = [(A0-A)IA^X  100, 
where A is the Absorbance at 490 nm in the Absence (A0) or Presence (/!,) of 
Inhibitor, T-2 Toxin Standard.
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Figure 3 Effect of Antigen Coating Conditions on icELISA When Using Anti T-2 Toxin 
Biotin Polyclonal Antibody (Pab, Diluted 800X): 4°C Overnight (•); 37°C 
for 2h (♦). Data Averaged from Triplicates. Inhibition (%) = [{A0- 
/4,)//l0]X100, where A is the Absorbance at 490 nm in the Absence (A0) or 
Presence (/!,) of Inhibitor, T-2 Toxin Standard.
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protein adsorbed to plastic was independent of the amount until an upper limit was reached. 
The upper limit determines the maximum amount of functional antigen for the assay.

The sensitivity and precision of ELISA depends not only on the choice of the protein carrier 
and the concentration of the antigen, but also on the adsorption conditions when coating the 
antigen to microwells. Various coating temperatures and times have been used in ELISAs. 
The most common conditions used in T-2 toxin analysis is coating the antigen at 37°C for a 
few hours (in an uncovered microplate). Coating antigen overnight at 4°C (in a covered 
microplate) has also been used widely for other systems. These two conditions were tested in 
icELISA for T-2 toxin analysis using Mab and Pab (Figures 2 and 3).

In icELISA using Mab (diluted 2000X according to Sigma specification), T-2 toxin-BSA 
coating at 37°C demonstrated lower sensitivity than at 4°C (Figure 2). Both conditions 
exhibited considerable unspecific binding reflected by «10% inhibition at <10 ng/mL T-2 
toxin standard. In icELISA using Pab (diluted 800X according to Sigma specification), the 
influence of coating T-2 toxin-BSA at 37°C on ELISA response was much less than that 
observed in Mab-ELISA (Figure 3). However, at 10 Mg/mL T-2 toxin-BSA, coating at 37°C 
exhibited some unspecific binding of antibody at <1 ng/mL T-2 toxin. In both Mab and Pab 
icELISA sensitivity decreased with increasing antigen concentration. For subsequent 
icELISA the T-2 toxin-BSA was used at 1 /xg/mL.

5.2.2 Effect of BSA Blocking on icELISA Responses

The procedure of icELISA consists of several incubations of different reactants. They have 
to be separated by many washing steps to prevent carry over of reactants from one step to 
another. As the assay is based on the binding reaction between antigen and antibody, steps to 
minimize non-specific binding reactions are incorporated. Non-ionic detergent Tween 20 is 
usually added to the washing buffer, which helps to lower non-specific binding. Tween 20 
alone is not an efficient blocking agent. A non-reactive protein such as bovine serum 
albumin (BSA) added to the dilution and incubation buffers has been shown effective in 
minimizing non-specific binding (Schonheyder and Andersen, 1984). The inclusion of a 
blocking step with non-reactive protein following antigen immobilization on microplate is 
commonly practised to counter non-specific binding. In this study, the antigen used is a BSA 
conjugate, so an extra BSA blocking step may not be necessary.

No significant difference was observed in the inhibition curves of Pab-ELISA with or without 
a BSA blocking step (Figure 4). In Mab-icELISA, however, BSA blocking increased 
sensitivity significantly when 1 /xg/mL T-2 toxin-BSA was coated at 37°C (Figure 5), and 
decreased nonspecific binding bringing the background inhibition (at <10 ng/mL T-2 toxin 
standard) down to zero. At 4°C, BSA blocking neither increased sensitivity, nor
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Figure 4 Effect of BSA Blocking (•, 0.5% BSA, Room Temperature for lh) on
icELISA Using Anti T-2 Toxin Biotin Pab (800X) with 1 uglmL T-2 Toxin- 
BSA Versus No Blocking (♦). Data Averaged from Triplicates. Inhibition 
(%) = [(/lo-/l,.)//!o]X100, where A is the Absorbance at 490 nm in the Absence 
(A0) or Presence (/!,) of Inhibitor, T-2 Toxin Standard.
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Figure 5 Effect of BSA Blocking (•, 0.5% BSA, Room Temperature for lh) on
icELISA Using Anti T-2 Toxin Mab (2000X) with 1 Mg/rnL T-2 Toxin-BSA 
Versus No Blocking (♦). Data Averaged from Triplicates. Inhibition (%) = 
[(/lo-/l,)//lo]X100, where/! is the Absorbance at 490 nm in the Absence (A0) or 
Presence (/!,) of Inhibitor, T-2 Toxin Standard.
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significantly decreased non-specific binding. For efficiency of assaying within the same day 
and for uniformity of procedures, icELISA was performed with 1 Mg/mL T-2 toxin-BSA 
antigen coated at 37°C for 2h followed by BSA blocking.

5.2.3 Effects of Antibodies and Enzyme Conjugate Concentrations on icELISA Responses

Results from the previous section indicated, the sensitivity of the anti-T-2 toxin Pab and Mab 
was lower than specified by the manufacturer. Therefore, the optimum working dilutions of 
the antibodies used in icELISA for T-2 toxin analysis were tested (Figure 6). In this study, 
the inexpensive horseradish peroxidase, HRP, was the enzyme conjugate used. This enzyme 
catalyzes the reduction of H20 2 with the concurrent oxidation of another substrate, o- 
phenylenediamine (OPD). This chromogenic substrate is initially colourless and upon 
oxidation produces a colour measurable by a microplate photometer. The enzyme conjugates 
used are ExtrAvidin-HRP for icELISA using Pab (Pab-ELISA) and the goat-anti-mouse 
immunoglobulin-HRP (GAM-Ig-HRP) for icELISA using Mab (Mab-ELISA). The working 
dilutions of these enzyme conjugates were also tested (Figure 6).

To determine the effects of the HRP’s and antibodies’s concentrations on icELISA, inhibition 
curves of T-2 toxin standards were not used for comparison. The ELISA responses (averaged 
absorbance at 490 nm from triplicates) were plotted against the concentration of T-2 toxin 
standards on semi-log scale prior to evaluation. The range of T-2 toxin standards used in 
Mab-ELISA was increased to 10000 ng/mL in order to attain the upper and lower detection 
limit of the assay. As shown by the Mab-ELISA data in Figure 6, 1000X or 2000X diluted 
Mab demonstrated only slight difference in ELISA response but significantly lower sensitivity 
was observed with 20000X diluted HRP conjugate. For Pab-ELISA, at each Pab dilution, 
similar ELISA response were observed for the three concentrations of HRP tested. The 500X 
diluted HRP gave the highest absorbance values. As expected in competitive ELISA, the 
sensitivity was significantly affected by the amount of Pab used. When three dilutions of 
Pab was used in icELISA using 1000X diluted ExtrAvidin-HRP (Figure 7), the 800X diluted 
Pab showed more acceptable absorbance response. Therefore, the procedure for icELISA 
using Mab or Pab was to coat T-2 toxin-BSA antigen at 1 jig/mL at 37°C for 2h uncovered, 
followed by a BSA blocking step. The working dilutions for Mab and Pab were 1000X and 
800X respectively. The corresponding HRP conjugates used were 10,000X diluted GAM-Ig- 
HRP and 1000X diluted ExtrAvidin-HRP.

5.2.4 Effect of Various Antigen Coating Conditions at 37°C on Mab- and Pab-ELISA

When T-2 toxin-BSA was coated uncovered at 37°C for 2h, almost all of the solvent of the 
100 juL antigen evaporated, and the bottom of the well remained wetted. (Increasing the 
coating time to 2.5h resulted in complete drying). The highest concentration of T-2 toxin
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standards tested has not attained the upper limit of the Mab- and Pab-ELISA (Figure 6).
The additional BSA blocking step enhanced Mab-ELISA sensitivity by reducing unspecific 
binding when antigen coated at 37°C (Figure 5). Coating antigen wet in a covered 
microplate at 37°C, however, had not been examined. With these considerations, both 
icELISA were repeated with a wider range of T-2 toxin standards, coating with 1 Mg/mL T-2 
toxin-BSA followed by BSA blocking, and with the working dilutions of antibodies and HRP 
conjugates as determined above. The coating of T-2 toxin-BSA was performed at 37°C with 
the following conditions: (A) overnight in uncovered microplate (dry); (B) overnight in 
covered microplate (wet); (C) 2.5h in uncovered microplate (dry); and (D) 2.5h in covered 
microplate (wet). In Pab-ELISA (Figure 8), coating T-2 toxin-BSA dry at 37°C for 2.5h in 
uncovered microplate demonstrated the best ELISA response and sensitivity. The upper and 
lower detection limit of this Pab-ELISA was 1-1000 ng/mL T-2 toxin (the linear portion of 
the standard curve).

In Mab-ELISA (Figure 9), however, all four coating conditions demonstrated similar ELISA 
sensitivity. Coating antigen to dryness showed the highest ELISA réponse (absorbance values 
exceeding 1.5).

To compare the accuracy of this assay under the four coating conditions, undiluted culture 
filtrates from 7 days growth of biocontrol fungi, ELI to ELIO, and the positive control 
fungus Fusarium sporotrichioides in MYRO medium were subjected to Mab-ELISA for T-2 
toxin analysis using the four coating conditions (Figure 10). The amount of T-2 toxin present 
in the sample was estimated from T-2 toxin standard curves prepared in the same plate as the 
sample under the same conditions. More reproducible results were observed when T-2 toxin 
was determined by Mab-ELISA with T-2 toxin-BSA coated dry (37°C for 2.5h or overnight) 
than wet. Sensitivity of the T-2 toxin standard curves was lower when antigen was coated 
wet, but the same trend was observed at all four antigen coating conditions. When samples 
were showing high level or low level of T-2 toxin in one coating condition, similar levels 
were observed in the other three.

Under all conditions, the MYRO blank control showed no T-2 toxin. There were trace 
amount observed in filtrates of ELI, EL3 and ELIO. The level of T-2 toxin exhibited in 
filtrates of the Fusarium species was much higher when antigen was coated dry. Hence, the 
samples were subjected to Pab-ELISA for T-2 toxin analysis with antigen coating at 37°C for 
2.5h. The estimated T-2 toxin values from the 12 filtrates were compared to that obtained by 
Mab-ELISA (Table 2). There were good agreement of results for most samples. However, 
significantly lower value was observed for Fusarium control, while EL6 and EL8 were 
showing much higher T-2 toxin values. For subsequent Mab-ELISA therefore, ’the. antigen 
was coated at 37°C for 2.5h followed by BSA blocking step. The detection limit of this 
Mab-ELISA was 32-10,000 ng/mL T-2 toxin (the linear portion of the standard curve).
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Figure 8 Effects of Coating Antigen Dry (Uncovered Microplate) or Wet (Covered
Microplate) at 37°C for 2.5 h or Overnight (O/N) on Pab-ELISA Response, 
Using 1 Mg/mL T-2 Toxin-BSA and Working Dilution of Pab at 800X.
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Figure 9 Effects of Coating Antigen Dry (Uncovered Microplate) or Wet (Covered
Microplate) at 37°C for 2.5 h or Overnight (O/N) on Mab-ELISA Response, 
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Figure 10 Effects of Coating Antigen Dry (Uncovered Microplate) or Wet (Covered 
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Fusarium spororrichioides. The Cultures Were from 7 Days Growth in MYRO 
Medium.
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T a b le  2

Effect of Antigen Coating Conditions at 37°C on Mab-ELISA for T-2 Toxin 
Analysis in Undiluted Culture Filtrates of Biocontrol Leads ELI to ELIO, 

and the Control Fungus Fusarium sporotrichioides

Culture
filtrates'

T-2 toxin (/ug/mL) 
antigen coating conditions

O/N dry 2.5h dry 

Pabb

O/N wet 2.5h wet

MYRO blank 0.0 0.0 0.0 0.0 0.0

ELI 0.1 0.1 0.0 0.1 0.1

EL2 4.4 4.3 2.1 6.7 3.7

EL3 0.0 0.0 0.0 0.1 tr.

EL4 17.4 18.2 19.4 11.0 7.7

EL5 4.8 2.1 2.3 8.0 4.2

EL6 3.2 2.9 13.0 2.8 1.8

EL7 1.8 4.1 0.3 8.4 3.5

EL8 35.5 35.5 66.0 13.1 21.2

EL9 3.1 3.3 0.1 5.5 1.7

ELIO 0.1 0.1 0.0 0.1 0.1

Fusarium 51.0 39.6 4.3 15.2 23.3

The cultures were from 7 days growth in MYRO medium.
Pab, T-2 Toxin was determined by Pab-ELISA under the conditions given in the 
text.
tr. = trace, T-2 toxin concentration determined was lower than 32 ng/mL, the 
detection limit for this Mab-ELISA.
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T a b le  3

Determination of T-2 Toxin by Mab- and Pab-ELISA in 7 Day Old Culture Filtrates of 
Biocontrol Leads, ELI to ELIO, and Fusarium sporotrichioides

Culture filtrate ELISA T2 (pg/mL) determined in culture filtrates*

MOSS MYRO GYEP ME LIMM

Media blank Mab traceb trace 0.00 0.00 0.00
Pab trace 0.00 trace 0.02 0.00

ELI Mab 0.68 0.15 0.00 trace 2.57
Pab over trace 0.02 over over

EL2 Mab 0.00 1.51 0.00 trace trace
Pab trace over 0.59 over 0.02

EL3 Mab 0.59 0.07 0.00 trace trace
Pab over trace trace 0.01 0.05

EL4 Mab 1.52 4.80 1.17 2.47 3.24
Pab 0.00"c over 0.00" 0.00* over

EL5 Mab 0.00 3.46 0.00 0.10 0.00
Pab 0.07 over trace 0.00* 0.08

EL6 Mab trace 2.91 0.10 0.17 3.81

Pab 0.00' over 0.00* 0.00* over

EL7 Mab 2.69 3.87 0.00 1.66 2.91

Pab over over 0.00* over over

EL8 Mab 0.06 over 0.23 trace 1.17

Pab 0.05 over over over over

EL9 Mab 0.23 3.43 0.00 0.00 0.00

Pab 1.37 0.30 0.10 0.02 0.00

ELIO Mab 0.00 0.25 0.09 0.00 0.31

Pab 0.01 0.00 over 0.02 over

F u s a r iu m Mab 2.19 4.25 1.58 0.23 1.22

Pab over over over over j- over

* Data were averaged from duplicate flasks;b trace/over = ABS values were beyond upper/lower detection limits 
of ELISA (outside linear portion of standard curve), [T-2 toxin] was not calculated; c 0.00* = ABS >2, sample 
gave dark brown background colour reaction with HRP conjugate.
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T a b le  4

Effect of Sample Dilution on Mab-ELISA for T-2 Toxin Analysis from 7 Days Old 
Culture Filtrates of Biocontrol Leads, ELI to ELIO, and Fusariurn sporotnchioidcs

Culture
filtrate

T-2 toxin (/ig/mL) determined in diluted filtrates

MOSS MYRO

undiluted X10 X100 undiluted X10 X100

Media trace8 0.00 0.00 0.00 0.00 0.00

ELI over trace 0.00 0.00 0.00 0.00

EL2 over over 0.13 over 0.00 0.00

EL3 over 0.00 0.00 0.00 0.00 0.00

EL4 0.00*b 0.00* 0.00* over 0.00 0.00

EL5 0.60 0.00 0.00 over 0.00 0.00

EL6 0.00* 0.00 0.00 over 0.00 0.00

EL7 over over over 0.30 0.00 0.00

EL8 0.00 0.00 0.00 over 0.00 0.00

EL9 0.01 0.00 0.00 0.01 0.00 0.00

ELIO 0.00 0.00 0.00 0.00 0.00 0.00

Fusarium over 0.18 0.01 over 0.14 0.04

a trace/over = ABS values were beyond upper/lower detection limit of ELISA (outside the 
linear portion of standard curve), [T-2 toxin] was not calculated. 

b 0.00* = ABS >2, sample gave dark brown background colour reaction with HRP
conjugate.
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T a b le  6

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P a b -E L IS A  in  D ilu te d  7  D a y s  O ld  C u ltu re
F iltra tes  o f  B io c o n tr o l L ea d s , E L I to  E L IO , an d  Fusarium sporotrichioides

G ro w n  in  M E  M ed iu m

C u ltu r e

f i ltr a te s

ic E L I S A

s y s t e m

T - 2  to x in  ( p g /m L )  in  d ilu te d  f i ltr a te s

u n d ilu te d X 1 0 X 1 0 0

ME Mab 0.00 0.00 0.00

Pab 0.01 trace* trace

ELI Mab trace 0.00 0.00

Pab over trace trace

EL2 Mab 0.40 0.00 0.00

Pab over 0.00 0.00

E U Mab 0.00 0.00 0.00

Pab 0.01 0.00 0.00

EL4 Mab over over 3.40

Pab bk.gd.b bk.gd. bk.gd.

EL5 Mab 0.18 trace 0.00

Pab bk.gd. bk.gd. trace

EL6 Mab bk.gd. bk.gd. bk.gd.

Pab bk.gd. bk.gd. bk.gd.

EL7 Mab over 4.92 0.14

PAb over over over

EL8 MAb 0.00 0.00 0.00

Pab over 0.01 0.00

EL9 Mab 0.00 0.00 0.00

PAb 0.02 trace trace

ELIO Mab 0.00 0.00 0.00

PAb 0.01 trace trace

Fusarium Mab 0.92 0.00 0.00

Pab over 0.12 0.01

trace/over = ABS values were beyond upper/lower detection limits of ELISA (outside the linear portion 
of standard curve), [T-2 toxin] was not calculated.
bk.gd. = ABS >detection limit on standard curve, samples had background colour reaction with HRP 
conjugate in absence of T-2 toxin antibodies.
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T a b le  7

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P ab -E L IS A  in  D ilu te d  7  D a y s  O ld  C u ltu re
F iltra tes  o f  B io co n tro l L ea d s , E L I  to  E L IO , an d  Fusarium sporotrichioides

G ro w n  in  LEVIM M ed iu m

Culture
filtrates

icELISA
system

T-2 toxin (pg/mL) in diluted filtrates

undiluted X10 X100
LIMM Mab 0.00 0.00 0.00

Pab trace* 0.00 0.00

ELI Mab over 8.58 0.53

Pab over over over

EL2 Mab 0.00 0.00 0.00

Pab 0.01 0.00 0.00

EL3 Mab 0.09 0.00 0.00

Pab over 0.00 0.00

EL4 Mab over over 0.33

Pab bk.gd.b over over

EL5 Mab 0.00 0.00 0.00

Pab 0.04 0.00 0.00

EL6 Mab over over 5.94

Pab over over over

EL7 Mab over 7.98 0.31

PAb over over over

EL8 MAb 5.14 trace 0.00

Pab over over trace

EL9 Mab 0.00 0.00 0.00

PAb 0.00 0.00 0.00

ELIO Mab 2.91 0.00 0.00

PAb over 0.53 0.00

Fusarium Mab 0.15 0.00 0.00

Pab over 0.16 0.00

Trace/over = ABS values were beyond upper/lower detection limit of ELISA (outside the linear portion 
of standard curve), [T-2 toxin] was not calculated. ;r
bk.gd. = ABS > detection limit on standard curve, samples had background colour reaction with HRP 
conjugate in absence of T-2 toxin antibodies.
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T a b le  8

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P a b -E L IS A  in  D ilu ted  2 8  D a y s O ld  C u ltu re
F iltra te s  o f  B io c o n tr o l L ea d s , E L I  to  E L IO , an d  Fusarium sporotrichioides

G ro w n  in  M O S S  M ed iu m

C u ltu re
filtra tes

icE L IS A
sy stem

T -2  tox in  (p g /m L ) in d ilu ted  filtra tes

u nd ilu ted X 10 X 1 0 0

MOSS Mab trace* trace trace

Pab 0.00 0.00 0.00

ELI Mab trace trace trace

Pab 0.04 0.00 0.00

EL2 Mab 0.12 trace trace

Pab 1.11 trace 0.00

E U Mab 0.00 0.00 0.00

Pab 0.00 0.00 0.00

EL4 Mab over 1.31 0.24

Pab bk.gd.b bk.gd. 0.63

EL5 Mab 0.09 trace trace

Pab 0.00 0.00 0.00

EL6 Mab 0.25 0.09 trace

Pab over 0.06 0.00

EL7 Mab trace 0.00 0.00

PAb trace 0.00 0.00

EL8 MAb over 0.00 0.00

Pab over 0.00 0.00

EL9 Mab trace 0.00 0.00

PAb 0.00 0.00 0.00

ELIO Mab trace 0.00 0.00

PAb 0.00 0.00 0.00

Fusarium Mab 0.57 trace trace

Pab over 0.43 trace

trace/over =  ABS values were beyond upper/lower detection limit of ELISA (outside the linear portion of standard curve), [T 
toxin] was not calculated. El
bk.gd. =  ABS > detection limit on standard curve, samples had background colour reaction with HRP conjugate in absence of T 
toxin antibodies.
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T a b le  9

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P a b -E L IS A  in  D ilu ted  28  D a y s  O ld  C u ltu re
F iltra tes  o f  B io c o n tr o l L ea d s, E L I  to  E L IO , an d  Fusarium sporotrichioides

G row n  in  M Y R O  M ed iu m

Culture
filtrates

icELISA
system

T-2 toxin (pg/mL) in diluted filtrates

undiluted X10 X100

MYRO Mab 0.00 0.00 0.00

Pab 0.00 0.00 0.00

ELI Mab 1.27 trace* trace

Pab over 0.00 0.00

EL2 Mab 2.27 0.00 0.00

Pab 0.48 0.00 0.00

EL3 Mab 0.00 0.00 0.00

Pab 0.00 0.00 0.00

EL4 Mab 9.62 0.00 0.00

Pab over 0.00 0.00

EL5 Mab 1.35 0.00 0.00

Pab over 0.00 0.00

EL6 Mab 1.19 0.00 0.00

Pab over 0.00 0.00

EL7 Mab 0.56 0.00 0.00

PAb over 0.00 0.00

EL8 MAb over 0.00 0.00

Pab over 0.00 0.00

EL9 Mab 1.19 0.00 0.00

PAb over 0.00 0.00

ELIO Mab 0.55 0.00 0.00

PAb over 0.00 0.00

Fusarium Mab 17.69 0.14 0.00

Pab over 0.36 trace

trace/over = ABS values were beyond upper/lower detection limit of ELISA (outside the 
linear portion of standard curve), [T-2 toxin] was not calculated. r-
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T a b le  10

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P a b -E L IS A  in  D ilu ted  28  D a y s  O ld  C ultu re
F iltra te s  o f  B io co n tro l L ea d s, E L I  to  E L IO , an d  Fusarium sporotrichioides

G ro w n  in  G Y E P  M ed iu m

C u ltu r e

f i ltr a te s

ic E L I S A

s y s te m

T - 2  t o x in  ( j jg / m L ) in  d ilu te d  f i lt r a te s

u n d ilu te d X 1 0 X 1 0 0

GYEP Mab trace* trace trace

Pab 0.00 0.00 0.00

ELI Mab 0.75 trace trace

Pab over 0.01 0.00

EL2 Mab trace trace trace

Pab 0.43 0.00 0.00

EL3 Mab 0.11 0.00 0.00

Pab over 0.00 0.00

EL4 Mab 9.56 0.46 0.15

Pab bk.gd.» over 0.28

EL5 Mab 0.13 trace trace

Pab 0.18 0.00 0.00

EL6 Mab 1.78 0.14 trace

Pab over 0.16 0.00

EL7 Mab 0.00 0.00 0.00

PAb trace 0.00 0.00

ELS MAb 0.26 0.09 trace

Pab over 0.00 0.00

EL9 Mab 0.10 0.00 0.00

PAb 0.00 0.00 0.00

ELIO Mab 0.13 0.00 0.00

PAb over 0.00 0.00

Fusarium Mab 9.76 0.11 trace

Pab over over 0.01

trace/over = ABS values were beyond upper/lower detection limit of ELISA (outside the linear portion 
of standard curve), [T-2 toxin] was not calculated.
bk.gd. = ABS >detection limit on standard curve, samples had background colour reaction with HRP 
conjugate in absence of T-2 toxin antibodies.
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T a b le  11

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P a b -E L IS A  in  D ilu ted  28  D a y s  O ld  C u ltu re
F iltra tes  o f  B io co n tro l L ea d s, E L I  to  E L IO , an d  Fusarium sporotrichioides

G ro w n  in  M E  m ed iu m

Culture
filtrates

icELISA
system

T-2 toxin (pg/mL) in diluted filtrates

undiluted X10 X100

ME Mab 0.00 0.00 0.00

Pab 0.00 0.00 0.00

ELI Mab trace* 0.00 0.00

Pab over 0.00 0.00

EL2 Mab trace 0.00 0.00

Pab over 0.00 0.00

E U Mab 0.22 0.00 0.00

Pab over 0.01 0.00

EL4 Mab over over 0.21

Pab over over over

EL5 Mab trace trace 0.00

Pab 0.00 0.00 0.00

EL6 Mab over 1.14 0.20

Pab over over over

EL7 Mab over 0.67 0.13

PAb over over over

EL8 MAb 0.00 0.00 0.00

Pab 0.00 0.00 0.00

EL9 Mab 0.00 0.00 0.00

PAb 0.00 0.00 0.00

ELIO Mab 0.88 0.12 0.00

PAb over 0.22 0.00

Fusarium Mab trace 0.00 0.00

Pab over 0.01 0.00

trace/over = ABS values were beyond upper/lower detection limits of ELISA (outside 
the linear portion of standard curve), [T-2 toxin] was not calculated.

41



T a b le  12

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P a b -E L IS A  in  D ilu ted  2 8  D a y s  O ld  C u ltu re
F iltra te s  o f  B io co n tro l L ea d s, E L I to  E L IO , an d  Fusariwn sporotrichioides

G ro w n  in  L IM M  M ed iu m

C u ltu r e

f i ltr a te s

ic E L I S A

s y s te m

T - 2  t o x in  ( j jg / m L ) in  d ilu te d  f i lt r a te s

u n d ilu te d X 1 0 X 1 0 0

LIMM Mab 0.00 0 .00 0 .00

Pab 0.00 0 .00 0 .0 0

ELI Mab trace* 0 .00 0 .00

Pab trace 0.00 0.00

EL2 Mab 0.00 0.00 0.00

Pab 0.00 0.00 0.00

E U Mab 0.00 0.00 0.00

Pab 0.00 0.00 0.00

EL4 Mab over 0.23 0.06

Pab over over 0.01

EL5 Mab 0.00 0.00 0.00

Pab 0.02 0.00 0.00

EL6 Mab over 0.26 0.00

Pab over over 0.01

EL7 Mab 4.49 0.12 0.00

PAb over 0.92 0.00

E U MAb 0.55 0.06 0.00

Pab over 0.08 0.00

EL9 Mab 0.00 0.00 0.00

PAb 0.00 0.00 0.00

ELIO Mab 0.00 0.00 0.00

PAb 0.00 0.00 0.00

Fus a ri um Mab 0.10 0.00 0.00

Pab 5.30 0.01 0.00

trace/over = ABS values were beyond upper/lower detection limit of ELISA (outside the linear portion 
of standard curve), [T-2 toxin] was not calculated.
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particular medium.

The interference was observed mostly in samples assayed with Pab-ELISA. Therefore, this 
system may not be appropriate for analysis of T-2 toxin produced by the fungi studied here. 
The ExtrAvidin-HRP conjugate used was too sensitive. It was recognising interfering 
substances besides the biotin T-2 toxin antibodies, which should bind to immobilised T-2toxin 
on the plate, or the free T-2 toxin in the filtrates. The interfering substances may be 
structurally similar to biotin that the ExtrAvidin-HRP unspecifically bound to. The T-2 toxin 
detected in the 28 days filtrates by Mab-ELISA were compared to that of 7 days filtrates for 
all five media (Tables 8-12). In general, EL4, EL6 and EL8 were producing fermentation 
products detected as T-2 toxin by Mab-ELISA in diluted or undiluted filtrates for most 
media. The T-2 toxin levels were significantly lower in the 28 days filtrate of the control 
fungus, Fusarium sporotrichioides, in the MOSS and ME media, indicating the degradation 
of this mycotoxin at prolonged growth.

5.4 DETERMINATION OF T-2 TOXIN IN RICE CULTURES OF BIOCONTROL 
FUNGI AND FUSARIUM SPOROTRICHIOIDES VIA Mab- AND Pab-ELISA

The best media for toxin production depends on the species and even the strain. For T-2 
toxin production by Fusarium sporotrichioides, a natural cereal medium such as rice is the 
optimum chioce. When the biocontrol fungi were innoculated into moistened rice, they grew 
profusely and after 28 days at 27 °C in the dark, the infected rice cultures were extracted for 
T-2 toxin using acetonitrile as described in the Materials and Methods section. This method 
incorporated partial clean-up steps via n-hexane defatting, and chloroform partitioning to 
remove polar impurities in the extracts. The final extracts reconstituted in ELISA buffer 
were subjected to Pab- and Mab-ELISA (Table 13). ELI to ELIO produced no detectable T- 
2 toxin by Pab-ELISA, but there were low levels of fermentation products detected as T-2 
toxin by Mab-ELISA for EL9 and ELIO. As expected for the positive control fungus, 
Fusarium sporotrichioides, high levels of T-2 toxin were detected. These could be detected 
and quantified when the extract was diluted 100X in ELISA buffer. The high levels of T-2 
toxin or background interference observed in EL4, 6 and 8 in the liquid cultures were absent. 
There was no detectable T-2 toxin in any of these samples and furthermore the rice blank 
gave a negative result.
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T a b le  13

D eterm in a tio n  o f  T -2  T o x in  b y  M a b - an d  P a b -E L IS A  in  A ceto n itr ile  E x tra c ts  from  28
D a y s  O ld  R ice  C u ltu res o f  th e  B io co n tro l L ea d s , E L 1 -E L 1 0 ,

a n d  Fusarium sporotrichioides

Rice T-2 toxin (ng/mL) determined in diluted rice extracts*
sample
(aceto-
nitrile
extract)

Mab-ELISA Pab-ELISA

XI X10 X100 XI X10 X100

Rice 0.00 0.00 0.00 0.00

ELI 0.00 0.00 0.00 0.00

EL2 0.00 0.00 0.00 0.00

EL3 traceb 0.00 0.00 0.00

EL4 0.00 0.00 0.00 0.00

EL5 0.00 0.00 0.00 0.00

EL6 0.00 0.00 0.00 0.00

EL7 0.00 0.00 0.00 0.00

EL8 0.00 0.00 0.00 0.00

EL9 0.23 trace trace 0.00 0.00

ELIO 0.12 trace trace 0.00 0.00

Fusarium over over 2.04 over over 1.16

ELISA buffer was used to reconstitute the extracts and for subsequent dilution, 
trace/over = ABS values were beyond upper/lower detection limit of ELISA (outside the 
linear portion of standard curve), [T-2 toxin] was not calculated.
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5.5 VERIFICATION OF T-2 TOXIN DETECTED TN CULTURE FILTRATES OF 
BIOCONTROL FUNGI AND FUSARIUM SPOROTRICHIOIDES BY dcELISA 
USING AGRISCREEN T-2 TOXIN DIAGNOSTIC KIT

Fermentation products of the biocontrol leads in the different liquid cultures interfered in 
icELISA using commercially bought Mab and Pab. Therefore, analysis of these samples was 
repeated using the dcELISA available commercially in the T-2 toxin diagnostic kit from 
Neogen. This assay is based on competition of free T-2 toxin in the samples/standards and 
HRP conjugated T-2 toxin in binding with immobilised T-2 toxin polyclonal antibodies. The 
more T-2 toxin in a sample, the less immobilised T-2 toxin antibodies left to bind to 
HRPconjugated T-2 toxin. The amount of T-2 toxin in a sample is therefore inversely 
proportional to the colour subsequently generated by reaction of enzyme conjugate with the 
added substrate tetramethyl benzadine and hydrogen peroxide. This assay was sensitive from 
6-1500 ng/mL T-2 toxin.

The undiluted filtrates of MOSS, MYRO, ME and GYEP were subjected to AgriScreen 
(Table 14). T-2 toxin was detected only in culture filtrates of the control fungus, F. 
sporotrichioides. There was no detectable T-2 toxin in the undiluted culture filtrates of ELI 
to ELIO. ABS responses similar to the corresponding media blanks were measured. The 
high background interference observed in icELISA of EL4, 6, and 8 culture filtrates was not 
present in this assay.

The rice culture of EL4 was also tested in this assay. Previously the rice cultures assayed 
were extracted using acetonitrile with partial clean-up and no interference was observed.
With the AgriScreen Kit, the traditional extraction solvent of 70 % methanol was 
recommended. For comparison, a rice culture of EL4 was extracted with methanol as 
described in the Kit and the methanol extract was subjected to AgriScreen directly. Similar 
to earlier results (Table 13), no detectable T-2 toxin was observed in the extracts of rice 
blank and EL4 (Table 14) with both methanol extracts exhibiting similar ABS response. The 
result for the extract of F. sporotrichioides indicated high levels of T-2 toxin with near zero 
ABS response. This was not quantified because the extracts were not diluted appropriately to 
give ABS values within linear range of the standard curve in this assay.

5.6 T-2 TOXIN ANALYSIS BY icELISA IN SAMPLES WITH OR WITHOUT CLEAN
UP VIA CHEMELUT COLUMN

In the case of the icELISA, if in the culture filtrates there exist interfering substances that 
unspecifically bind to T-2 toxin antibodies, less antibodies remain to bind to the immobilised 
T-2 toxin. This decreases the amount of Ig-HRP binding. This causes a reduction in the
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T a b le  14

Determination of T-2 Toxin in 28 Days Old Culture Filtrates of Biocontrol Leads, ELI 
to ELIO, and the Control Fungus, Fusarium sporotrichioides, by dcELISA Using 

the AgriScreen T-2 Toxin Diagnostic Kit

Culture
Filtrate

T-2 toxin (Mg/mL) determined by AgriScreen Kit

MOSS MYRO ME G YEP Rice8

Medium 0.0 0.0 0.0 0.0 0.0

ELI 0.0 0.0 0.0 0.0

EL2 0.0 0.0 0.0 0.0

EL3 0.0 0.0 0.0 0.0

EL4 0.0 0.0 0.0 0.0 0.0

EL5 0.0 0.0 0.0 0.0

EL6 0.0 0.0 0.0 0.0

EL7 0.0 0.0 0.0 0.0

EL8 0.0 0.0 0.0 0.0

EL9 0.0 0.0 0.0 0.0

ELIO 0.0 0.0 0.0 0.0

Fusarium >1.5 >1.5 >1.5 >1.5 >1.5

The methanol extracts (with no clean up) of the rice cultures from EL4 and Fusarium 
sporotrichioides were also assayed.
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extent of the colour reaction with the enzyme substrate, and can lead to false positive results 
or over estimation of T-2 toxin values. It appears that most of the culture filtrates assayed by 
icELISA demonstrated this behaviour. Additionally, some biocontrol leads were producing 
fermentation products that not only bound unspecifically to the immobilised T-2 toxin, but 
also reacted with the enzyme and substrate even in the absence of specific antibodies. The 
high background colour reaction interfered with the true estimation of T-2 toxin present in the 
culture filtrates. Therefore, these interferences must be removed from the samples prior to 
icELISA using the commercial Mab and Pab. Sample clean-up using chromatographic 
elution through ChemElut or Florisil column have been practised by other researchers (Miller 
et al. , 1991; Kawamura et al., 1990). In this study, the clean-up with ChemElut column was 
adopted and the T-2 toxin absorbed on the column was reextracted using ethyl acetate.

There were insufficient 7 and 28 days old filtrates left to elute through ChemElut column 
individually, so both sets of filtrates were combined before ChemElut clean-up. The ethyl 
acetate extracts from ChemElut column were rotary evaporated to dryness followed by 
methanol reconstitution since part of these samples were stored in case GC-MS was required. 
The icELISA response was significantly affected by the presence of methanol in the samples 
(Table 15). The 28 days old culture filtrates of Fusarium sporotrichioides had been shown 
previously to contain considerable amount of T-2 toxin. When the filtrates of F. 
sporotrichioides from different media were purified by the ChemElut procedure and the dried 
ethyl acetate extract reconstituted in methanol, the T-2 toxin values detected by icELISA were 
considerably lower in undiluted samples than 10X diluted samples. A similar detrimental 
effect was observed when the methanol extract of the rice culture was assayed directly. In 
the subsequent experiment, the dried ethyl acetate extract after ChemElut was reconstituted 
first with methanol, so that half of this could be taken for GC-MS. Then, the remaining 
methanol reconstitute was dried under N2 and finally reconstituted with ELISA buffer before 
subjected to Mab- and Pab-ELISA (Table 16). Since each sample was composed of both 7 
days and 28 days filtrates, the interferences observed in either set of filtrates were expected to 
be present.

After the ChemElut procedure a considerable reduction in the amount of fermentation 
products detected as T-2 toxin was observed (Table 16). The high interferences from EL4 
and EL8 were eliminated and no measurable T-2 toxin was detected in the samples of these 
two biocontrol fungi. Only the samples from Fusarium sporotrichioides were detected with 
high T-2 toxin values. Results from GC-MS analysis confirmed the absence of T-2 toxin in 
these samples except for those from Fusarium sporotrichioides grown on MYRQ_medium.

To test the efficiency of recovering T-2 toxin after ChemElut treatment, T-2 toxin was added 
to uninoculated media. Aliquots were taken before and after ChemElut clean-up as described
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T a b le  15

Effect of Methanol on Mab- and Pab-ELISA for T-2 Toxin Analysis Using Culture 
Filtrates of Fusarium sporotrichioides after ChemElut Clean Up Procedure

Samples T-2 toxin (qg/mL) determined in diluted samples*
in

methanol Mab-ELISA Pab-ELISA

undiluted 10X undiluted 10X

MOSS BLK 0.00 0.00 0.00 0.00
Fusarium 0.00 0.04 0.00 0.00

MYRO BLK 0.00 0.00 0.00 0.00
Fusarium 0.00 0.52 trace 1.30

G YEP BLK 0.00 0.00 0.00 0.00
Fusarium trace 0.12 0.15 0.11

ME BLK 0.00 0.00 0.00 0.00

Fusarium 0.00 0.01 0.09 0.06

Rice BLK 0.00 0.00 0.00 0.00

Fusarium 0.00 0.11 0.00 0.08

The final extracts were made up in methanol and subsequently diluted in ELISA buffer.
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T a b le  16

Determination of T-2 Toxin in ChemElut Purified Culture Filtrates of ELI, EL4, EL8 
and Fusarium sporotrichioides from MOSS, MYRO, G YEP and ME Media

by Mab- and Pab-ELISA

ChemElut
Cleaned
Samples

ELISA
method

T-2 toxin (Mg/mL) determined in cleaned samples"

MOSS MYRO GYEP ME RICE

Medium Mab 0.00 0.00 0.00 0.00

Pab 0.00 0.00 0.00 0.00

ELI Mab 0.00 trace 0.00 0.00 0.00

Pab trace 0.00 0.00 trace 0.00

EL4 Mab 0.00 0.00 0.00 0.00

Pab trace 0.00 0.00 0.00

EL8 Mab trace trace 0.00 0.00 0.00

Pab 0.00 0.00 0.00 0.00 0.00

Fusarium Mab 11.64 14.25 23.04 1.08

Pab 18.3 28.46 21.10 11.33

The filtrates were appropriately diluted in ELISA buffer to give ABS réponse within the 
linear range of the T-2 toxin standard curves in the assays.
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in the Materials and Methods section. These aliquots were subjected to both icELISA 
methods (Table 17). Before ChemElut, similar anomalies to those observed earlier were 
detected. Analysis of the spiked filtrates gave T-2 toxin concentrations differing from the 
amount added, indicating that the assays were affected by interference from the media. The 
T-2 toxin added to the rice sample was not detected probably because the initial extraction 
was with methanol, which had been shown to affect icELISA considerably (Table 15). After 
the ChemElut procedure, T-2 toxin concentrations were detected by Mab-ELISA that were 
comparable to the amount added. There were, however, significant loss of sensitivity for T-2 
toxin using the Pab-ELISA method after the ChemElut procedure. As the Pab-ELISA 
method was too sensititive to the presence of interferences (as shown earlier in Tables 5- 
12),this method is not recommended for T-2 toxin analysis of samples of the type studied. 
Loss of T-2 toxin during the extraction procedure on rice also contributed to lower values 
detected after ChemElut purification.

5.7 TOXI-CHROMOTEST OF SELECTED BIOCONTROL SAMPLES FOR GENERAL 
TOXICITY

The various toxins tested by the Toxi-Chromotest included mercury chloride (HgCL), 
gliotoxin, two peptaibols (paracelsin and alamethicin), and T-2 toxin. All the toxins were in 
powder form except HgCl2 which was in solution. The powdered toxins were made up in 
5% methanol according to the concentrations appropriate for the test. The subsequent 
dilutions were made with the sample diluent provided in the Kit. The averaged ABS 
responses of these toxins at the range of concentrations tested are given in Table 18. If the 
standard toxins exert toxic effect on E. coli, /3-galactosidase production is hindered and 
colour development (after addition of enzyme substrate) decreases leading to a lower ABS 
response than the blank. T-2 toxin was not effectively detected at the concentration range 
tested (Table 18). A high concentration of T-2 toxin (-1000 pg/mL) showed an effect on p- 
galactosidase production by the bacteria. The two peptaibols behaved similarly and the 
concentration that showed toxicity was also high, at -100 pg/mL. The toxicity exerted by 
gliotoxin was effectively detected at concentration as low as 1-10 pg/mh. These results 
concur with the expected toxicity of these metabolites from reported values (Taylor, 1986). 
Although acutely toxic to mammals T-2 toxin has little effect on bacteria. Alamethicins have 
antimicrobial activity against Gram-f bacteria at 31/ig/mL and against Gram- bacteria at 
200Mg/mL. Gliotoxin has antimicrobial activity against Gram-1- and Gram- bacteria at 
0.8/ig/mL and 18.7/ig/mL, respectively.

Samples from ELI, 4, 8 and 9 grown on M2 medium (Sutcliffe and Sim, 1992)*and the rice 
cultures infected with or without Fusarium sporotrichioides (as extracted earlier for the 
AgriScreen test) were tested (Table 19). The 5% MeOH used to make up the standards and
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T a b le  17

Determination by Mab- and Pab-ELISA of T-2 Toxin Added to Media Blanks of MOSS, 
MYRO, GYEP, ME and Rice Before and After ChemElut Clean Up Procedure

Media
Blank

(20mL)

T-2 toxin 
Added 
(Mg)

Total T-2 toxin (ng) assayed before/after ChemElut8

Mab-ELISA Pab-ELISA

Before After %b Before After %

MOSS 0 0.8 0.0 0.1 trace

1 1.2 1.3 130 5.4 1.0 100

10 11.0 8.4 84 24.9 6.0 60

MYRO 0 0.0 0.0 0.0 0.0

1 1.2 1.0 100 6.3 0.6 65

10 9.4 7.0 70 16.7 2.6 26

GYEP 0 0.0 0.0 trace 0.0

1 0.0 0.8 80 10.9 0.6 63

10 2.2 8.8 88 28.5 2.6 26

ME 0 0.0 0.0 0.1 trace

1 0.0 1.3 130 18.6 0.4 41

10 2.1 7.6 76 37.4 1.1 11

Rice 0 0.0 0.0 0.0 0.1
(5 g) 1 0.0 0.8 80 0.0 1.5 150

10 0.0 6.4 64 1.1 3.6 36

The cleaned samples was reconstituted in ELISA buffer and diluted appropriately to give 
ABS response within linear range of standard curves in the assays.
% = percent recovery of T-2 toxin after ChemElut clean up step (% of T-2 toxin added).
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T a b le  18

Data Determined for Standard Curves of Various Toxins Expressed as Absorbance 
(ABS) at 630 nm as Determined by the ToxiChromotest

Toxins
cone.

(Mg/mL)#

Averaged ABS at 630 nm of various toxins

HgCl2 Gliotoxin Peptaibols

Paracelsin Alamethicin

T-2 toxin

1000 0.699

200 1.273

100 0.357 0.930

40 1.310

20 1.213 1.343

10 0.402

8 1.307

4 0.012 1.352 1.348

2 1.071

0.8 0.015 1.422 1.387

0.4 1.354

0.16 1.091

0.08 1.378

0.032 1.315

0.000 1.525

All standard toxins (except HgCl2) were dissolved in 5% methanol. Subsequent dilutions 
were made using sample diluent provided in the ToxiChromotest Kit.
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T a b le  19

Colorimetric Detection of Toxicity in Selected Samples of Biocontrol Leads (Grown on 
M2 Medium8) and Fusariwn sporotrichioides (Grown on Rice) by ToxiChromotest

Sampleb Media
for

growth

Averaged ABS (630nm) by ToxiChromotest

Undiluted 5X 25X 125X

5% MeOH 1.565 1.507 1.503 1.526

Blank M2 0.144 1.162 1.237 1.142

ELI M2 0.020 1.097 1.304 1.328

EL4 M2 0.272 1.377 1.373 1.358

EL8 M2 0.747 1.239 1.284 1.322

EL9 M2 0.014 0.012 0.037 0.722

Blank rice 0.261 1.017 1.290 1.351

Fusariwn rice 0.086 0.855 1.155 1.476

* M2 medium (Sutcliffe and Sim, 1992)
b ELI, 4, 8 and 9 samples were extracted with chloroform and the dried extract 

reconstituted in 5% methanol (MeOH). The rice samples were extracted with 15% 
methanol as in AgriScreen test and the dried extract reconstituted in 5% methanol. All 
subsequent dilutions (5X, 25X, and 125X) were performed with sample diluent provided 
in the ToxiChromotest Kit.
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the dried extracts of the various samples did not show any toxic effect to the bacteria in this 
Toxi-Chromotest. When tested undiluted, all fungal samples including the media blanks did 
indicate toxicity towards /3-galactosidase production from the bacteria in the test. Upon 
dilution, only EL9 persistently gave a low ABS responses. This observed toxicity is 
suspected to be caused by gliotoxin because EL9 is a known producer of this toxin (Sutcliffe 
and Sim, 1992). The known T-2 toxin producer, Fusarium sporotrichioides, when grown on 
rice produced T-2 toxin as detected earlier in the icELISA and AgriScreen methods. By the 
Toxi-Chromotest, this infected rice extract was exhibiting toxicity between 100-1000 Mg/mL 
T-2 toxin, assuming the fungus only produces T-2 toxin. The level of toxicity detected in the 
infected rice extract is probably due to T-2 toxin production and not just contributed by the 
rice blank which also exhibited some toxicity. This can be concluded because at the same 
dilutions, the infected extract always had lower ABS response than the blank extract. In 
general, this Toxi-Chromotest can only indicate the presence of toxic materials and cannot 
specify which type of toxins are present.

6.0 CONCLUSIONS

T-2 toxin could not be detected as being produced by any of the biological control leads, 
under the conditions tested. T-2 toxin was only detected in cultures of Fusarium 
sporotrichioides under all conditions used.

Using the Toxi-Chromotest, EL9 was indicated to be producing toxic metabolites.

Two icELISAs were tested for T-2 toxin analysis using commercially bought 
immunochemicals, Pab- and Mab-ELISA. The former was found to be too sensitive where 
the polyclonal anti-T-2 toxin antibody was conjugated to biotin. The values of detected T-2 
toxin were often over estimated and this system was significantly affected when sample clean
up steps such as ChemElut column chromatography was performed.

The competition step of the assay dictated the high sensitivity of the assay. There were 
significant inter-plate variation of the ELISA responses. The absolute value of T-2 toxin 
determined had to be replaced by % inhibition by the toxin when inter-plate data comparison 
was required. r

The media used in the propagation of the ten biocontrol fungi and the control fungus, 
Fusarium sporotrichioides affected icELISA response and sample clean-up steps were 
necessary to assess the production of T-2 toxin by the biocontrol fungi.
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In general, the icELISA tested in this study was more of a qualitative analysis tool than 
quantitative. The samples were also analysed by commercial kits (AgriScreen) which 
confirmed the data obtained by Mab-ELISA.
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