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Direct Enzyme-Linked Immunosorbent Assays for the Detection of the
8-Ketotrichothecene Mycotoxins Deoxynivalenol,
3-Acetyldeoxynivalenol, and 15-Acetyldeoxynivalenol in Buffer Solutions
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Polyclonal antisera against deoxynivalenol (DON) and 3-acetyldeoxynivalenol (3-AcDON) were obtained
after rabbits were immunized with human serum albumin conjugates of 3,15-0O-dihemisuccinyl-DON
and 15-O-hemiglutaryl-3-AcDON, respectively. The specifity and sensitivity of these antisera were
tested by using 3,15-0O-dihemiglutaryl-DON or 15-O-hemiglutaryl-3-AcDON coupled to horseradish
peroxidase as the enzyme-linked toxins in a competitive direct enzyme-linked immunosorbent assay
(ELISA). The 50% inhibition level was used for the determination of the cross-reactivities. The anti-
DON antiserum showed strong cross-reactivity (relative to DON = 1.0) with 3-AcDON (100.0) and
15-acetyldeoxynivalenol (15-AcDON, 1.1); minor cross-reactions were observed with nivalenol (0.063)
and fusarenon X (0.016). The anti-3-AcDON antiserum was most specific for 3-AcDON and had only
minor cross-reactions (relative to 3-AcDON = 1.0) with acetyl T-2 (0.025), 15-AcDON (0.016), and T-2
tetrol tetraacetate (0.013). When the antiserum against DON was employed in the direct ELISA,
detection limits for DON, 3-AcDON, and 15-AcDON in buffer were 1.0,0.05,and 1.5 ng/mL, respectively.
The detection limit for 3-AcDON in the direct 3-AcDON ELISA was 0.1 ng/mL. After hydrolysis,
3-AcDON gave a response similar to that of DON in the DON ELISA, but levels up to 100 ng/mL were
no longer detected by the 3-AcDON ELISA, thus providing a possibility to discriminate between these

toxins.

INTRODUCTION

Deoxynivalenol (DON, vomitoxin) and 3-acetyldeox-
ynivalenol (3-AcDON) were first isolated and characterized
inthe early 1970s from Fusarium-infected cerealsin Japan
(Morooka et al., 1972; Yoshizawa and Morooka, 1973).
The natural occurrence of 15-acetyldeoxynivalenol (15-
AcDON) in corn infected with Fusarium spp. was first
reported by Abbas et al. (1986). Chemically, these my-
cotoxins are characterized by their 12,13-epoxytrichothec-
9-en-8-one skeleton, with R2 = H and Rgand Rg = O (Figure
1; Table I).

The occurrence of trichothecene mycotoxins in food and
feedstuff seems to be a worldwide problem (Tanaka et al.,
1988). Adverse effects of DON, 3-AcDON, and 15-Ac-
DON include dose-dependent induction of feed refusal,
diarrhea, and emesis in lifestock, especially in swine
(Vesonder etal., 1973; Yoshizawa and Morooka, 1974; Cop-
pock et al., 1985; Abbas et al., 1986). Like all trichoth-
ecene mycotoxins, they possess significant cytotoxic ac-
tivity (Ueno, 1983), which implies immunosuppressive
effects (Tryphonas et al., 1986; Pestka et al., 1989).

Mosi analytical work has been done on DON, but 3-Ac-
DON and 15-AcDON, being precursors of DON synthesis
in the secondary metabolism of Fusaria (Miller et al.,
1983a), are frequently isolated together with their parent
alcohol (Apsimon et al., 1990) and thus may be associated
when the presence of DON could not account for the entire
degree of adverse effects, e.g., feed refusal (Foster et al.,
1986). Physicochemical methods currently used for anal-
ysis of DON and its acetylated analogues, ranging in
sophistication from thin-layer chromatography (TLC)
(Miller et al., 1983b) to gas chromatography (Kamimura
etal., 1981), require extensive and time-consuming sample
cleanup prior to analysis. Furthermore, the efforts nec-
essary for sufficient sample preparation increase greatly
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Figure 1. Structure and numbering system of the trichoth-
ecene skeleton. The side-chain residues for the trichothecenes
used in this study are shown in Table L

if different toxins should be detected simultaneously
(Pestka, 1989).

Immunological approaches for trichothecene analysis
have proved to be good alternatives in aspects of sensitivity
and performance (Chu, 1986, 1990). Few ELISA methods
have been reported for DON (Casale et al., 1988; Xu et al.,
1988; Mills et al., 1990) and 3-AcDON (Kemp et al., 1986)
and none for 15-AcDON. This paper describes the
development of direct enzyme-linked immunosorbent
assays that allow the simultaneous detection of DON, 3-Ac-
DON, and 15-AcDON as well as a preliminary differen-
tiation between 3-AcDON and DON via a simple hydrolysis
procedure.

MATERIALS AND METHODS

Materials, Nivalenol and fusarenon X were purchased from
Waco Chemicals, Neuss, Federal Republic of Germany. DON,
3-AcDON, 15-AcDON, and all other trichothecenes were obtained
from Sigma Chemicals, Deisenhofen, Federal Republic of Ger-
many. Succinic anhydride, glutaric anhydride, human serum
albumin (HSA), horseradish peroxidase (HRP), 3,3,5,5'-tetra-
methylbenzidine (TMB), and all other chemicals (highest grade
available) were also obtained from Sigma. Microtitration plates
(Nunc immunoplate I) were purchased from Nunc, Wiesbaden,
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Table I. Side-Chain Residues (Figure 1) of the
Trichothecenes Tested

side chain®

toxin R, R: Rj Ry Rs Rs
Group A
T-2 toxin OH Ac Ac H v H
acetyl-T-2 Ac Ac Ac H v H
HT-2 OH OH Ac H v H
T-2 triol OH OH OH H v H
T-2 tetrol OH OH OH H OH H
T-2 tetrol tetraacetate Ac Ac Ac H Ac H
diacetoxyscirpenol OH Ac Ac H H H
15-acetoxyscirpenol OH OH Ac H H H
3-acetyldiacetoxyscirpenol Ac Ac Ac H H H
neosolaniol OH Ac Ac H OH H
verrucarol H OH OH H H H
Group B

trichothecolone H OH H H =0
nivalenol OH OH OH OH =0
fusarenon X OH Ac OH OH =0
nivalenol tetraacetate Ac Ac Ac Ac =0
deoxynivalenol OH H OH OH =0
3-acetyldeoxynivalenol Ac H OH OH =0

15-acetyldeoxynivalenol OH H Ac OH =0
a Ac, OCOCHj; (acetate); IV, OCOCH;CH(CHa); (isovalerate).

Table II. Thin-Layer Chromatographic Analysis of
Deoxynivalenol (DON), 3-Acetyldeoxynivalenol (3-AcDON),
15-Acetyldeoxynivalenol (15-A¢cDON), Fusarenon X, and
Their Derivatives

Ry value in detection
solvent system? method?®
toxin 1 2 A B C
DON 0.43 0.62 + + -
3,15-0-dihemisuccinyl-DON 0.70 0.12 + + o+
3,15-0-dihemiglutaryl-DON 0.77 0.42 + + o+
3-AcDON 0.80 0.82 + + -
15-0O-hemiglutaryl-3-AcDON  0.86 0.72 + nd +
15-AcDON 0.68 nd + nd -
fusarer.on X 0.52 nd + 4+ nd
fusarenon X oxime 0.33 nd - + nd
nivalenol tetraacetate 0.89 nd - + nd

a1, ethyl acetate/n-hexane/acetic acid 75:25:5; 2, chloroform/
methanol 90:10. ? A, blue fluorescence (366 nm) after spraying with
20% aluminum chloride; B, blue fluorescence (366 nm) after de-
rivatization with nicotinamide/acetylpyridine; C, yellow color after
spraying with 0.04 % bromcresol purple; nd, not determined; + and
-, positive and negative reaction, respectively.

FRG. Nivalenol tetraacetate (3,4,7,15-tetraacetylnivalenol) was
synthesized by reaction of fusarenon X with acetic anhydride
according to the method of Tatsuno (1968). Fusarenon X oxime
was prepared by reaction of fusarenon X with carboxymethox-
ylamine as described by Martlbauer et al. (1989).

Derivatization of DON and 3-AcDON. 3,15-O-Dihemisuc-
cinyl-DON (3,15-HS-DON), 3,15-0O-dihemiglutaryl-DON (3,15-
HG-DON), and 15-O-hemiglutaryl-3-AcDON (15-HG-3-AcDON)
were prepared by reaction of DON or 3-AcDON with succinic
anhydride or glutaric anhydride, respectively. Briefly, DON (10
mg) or 3-AcDON (20 mg) was dissolved with the respective acid
anhydride (200 mg) in 1 mL of pyridine and heated at 100 °C
in a steam bath for 2 (3-AcDON derivative) or 8 h (DON
derivatives). Pyridine was removed under N; pressure and the
residue dissolved in CHCl3 (15 mL). After extraction with 0.1
M HCI (3 X 10 mL) the organic phase was dried under vacuum
in a rotary evaporator and the remaining redissolved in 2 mL of
methanol.

After TLC onsilica gel, toxins and derivatives were visualized
with selective spray reagents (Table II). Carboxyl groups in the
toxin derivatives were detected by spraying the developed plates
with a solution of 0.04% bromcresol purple in ethanol/water
(1:1 by volume, pKing = 6.1). The chemical ionization mass
spectrum of the DON-succinyl derivative showed m/z 497 as the
protonated molecular ion and the adduct ions m/z 525 (M +

Usleber et al.

C;H;5)* and 537 (M + C3Hs)*, formed in the methane plasma.
The structures of the glutaryl derivatives were characterized by
400-MHz 'H nuclear magnetic resonance (*H NMR) spectroscopy
(see Results and Discussion).

Synthesis of Conjugates. The toxin derivatives were coupled
to HSA and HRP using either an activated ester (AE) or a mixed
anhydride (MA) method, described by Kitagawa et al. (1981)
and Gendloff et al. (1986), respectively. The toxin derivatives
were reacted with HSA in molar ratios of 50:1 and 100:1 employing
AE and MA, respectively; for the HRP conjugates, molar ratios
were 10:1 (AE) and 20:1 (MA). Via the AE method, 3,15-HS-
DON-HSA and 15-HG-3-AcDON-HRP were synthesized; 3,-
15-HG-DON-HRP and 15-HG-3-AcDON-HRP were prepared
using the MA. The conjugation ratios (moles of toxin/mole of
HSA) were estimated from the number of unreacted amino groups
(Habeeb, 1966). The enzyme concentration of the toxin—-HRP
conjugates was quantified by determination of the absorbance
at 403 nm.

Production of Antisera. For use as immunogens, 250 ug of
3,15-HS-DON-HSA or 15-HG-3AcDON-HSA was emulsified in
2 mL of Freund’s complete adjuvant/distilled water (3:1 by
volume). Rabbits (female chinchilla bastard, three each for the
DON and the 3-AcDON conjugates, respectively) were immunized
by using multisite intradermal injections (Nieschlag et al., 1973).
Booster injections, using the same composition and amount of
immunogen, were given subcutaneously 10 and 20 weeks after
the primary injection.

Blood was collected from the A. auricularis magna. After
centrifugation, the serum was precipitated with (NH).S0,(70%,
in distilled water) according to the method of Hebert et al. (1973),
dialyzed against 3 X 5 L of phosphate-buffered saline (PBS, 0.15
M, pH 7.2), and stored frozen at —20 °C. Antibody titer was
determined as described by Mértlbauer et al. (1988).

ELISA Procedure. Appropriate dilutions of the antisera
against DON (1:1000) and 3-Ac-DON (1:1400) in 0.05 M
carbonate/bicarbonate buffer (pH 9.6) were dispensed to the
wells (100 uL) of microtitration plates and incubated overnight
at room temperature. Free protein-binding sites of the plates
were blocked with 200 uL of sodium caseinate solution (2%, in
PBS) for 30 min, and then the plates were washed and made
semidry. Toeach well was added 50 uL of toxin standard in PBS
containing 10% methanol (50 uL) and 50 uL of the respective
enzyme conjugate, diluted in 1% sodium caseinate/PBS (3,15-
HG-DON-HRP, 1.5 ug/mL; 15-HG-3-AcDON-HRP, 10 ng/mL),
and the mixture was incubated overnight at 4 °C. The plate was
washed, and substrate solution (1 mM TMB and 3 mM H:0; per
liter of potassium citrate buffer, pH 3.9) was added (100 L/
well). After 20 min, reaction was stopped with 1 M H,SO, (100
uL/well), and the absorbance at 450 nm was measured by using
a microplate reader (MR 5000; Dynatech GmbH, Denkendorf,
Federal Republic of Germany). Usingthesame ELISA procedure,
16 other trichothecenes (Table I) were tested for competition
with the respective enzyme conjugates in the assays for DON
and 3-AcDON. The relative cross-reactivity was calculated from
the concentration of toxin necessary to inhibit 50% binding of
enzyme-labeled toxin (in nanomoles per milliliter).

Hydrolysis of 3-AcDON and 15-AcDON. Solutions of 3-Ac-
DON in methanol/PBS (50:50,0.8 mL) were incubated with KOH
(0.1 M, 0.1 mL) for 20 min at room temperature. Then the pH
was adjusted to approximately 7 with HC1 (0.1 M, 0.1 mL). The
efficiency of hydrolysis of 3-AcDON at concentrations ranging
from 10t0 1000 ug/mL was checked by TLC. Afteranappropriate
dilution in PBS, the mixtures were assayed using the DON ELISA
and 3-AcDON ELISA, respectively. Hydrolysis of 15-AcDON
was performed according to the same procedure.

RESULTS AND DISCUSSION

To introduce carboxyl moieties into the molecules of
DON and 3-AcDON, DON was reacted with succinic
anhydride and glutaric anhydride and 3-AcDON only with
the latter. No underivatized 3-AcDON was detected by
TLC after a reaction time of 2 h; conversion of DON took
8 h, as estimated by TLC. The derivatives ran as single
spots with Ry values clearly different from those of the
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original toxins. Using selective spray reagents, some
characteristics of the derivatives could be elucidated (Table
II).

Reaction with AICl; is characteristic for trichothecenes
having the 7-hydroxy-8-keto side-chain residues (Ka-
mimura et al., 1981). Derivatives missing one of these
groups, e.g., fusarenon X oxime (no carbonyl function) or
nivalenol tetraacetate (C-7 esterified with acetic acid),
showed no fluorescence, whereas the derivatives of DON
and 3-AcDON gave a positive reaction, indicating an intact
hydroxyl group at Rs. The positive reaction with nico-
tinamide and 2-acetylpyridine (Sano et al., 1982) confirmed
the presence of the trichothecene epoxy group in the
derivatives. The chemical ionization mass spectrum of
the hemisuccinyl derivative of DON confirmed the ex-
pected mass for M + H* of m/2 497, i.e.,297 for DON plus
200 for two hemisuccinyl side chains. Together with the
results from TLC, these data are consistent with 3,15-O-
dihemisuccinyldeoxynivalenol (3,15-HS-DON).

The data obtained from 400-MHz 'H nuclear magnetic
resonance (!H NMR) spectra for DON and 3-AcDON
agreed with the spectra previously published by Cole and
Cox (1981). The 'H NMR spectra of the glutaryl deriv-
atives of DON and 3-AcDON showed multiple additional
chemical shifts in a range from 6 1.9 to 2.5, due to the
methyl protons of the glutaryl side chains. For DON and
its derivative, a comparison of the signals corresponding
to the protons at C3, C15a, and C15b showed chemical
shifts of 6 4.54, 3.70, and 3.88, respectively (DON), and of
5 5.19, 4.14, and 4.18 (derivative). For the 3-AcDON
derivative, \H NMR spectra showed the expected chemical
shift of the signals corresponding to the protons at C15a
and C15b from 6 3.78 and 3.88 (3-AcDON) downfield to
4 4.27 and 4.29 (derivative). These results indicate es-
terification of the hydroxyl groups at R;, R3 (DON), and
R;(3-AcDON), respectively. The signal corresponding to
H7 and all other chemical shifts were unchanged in the
derivatives, compared to those of the original toxins. Thus,
in connection with the results obtained from TLC, these
data confirmed that 3,15-O-dihemiglutaryl-DON and 15-
O-hemiglutaryl-3-AcDON derivatives were formed.

Toxin-protein conjugates were prepared by coupling
3,15-HS-DON and 15-HG-3-AcDON to HSA (for use as
immunogens) and 3,15-HG-DON and 15-HG-3-AcDON
to HRP (for use as enzyme-linked antigens). To avoid
unspecific antibody-enzyme binding due to identical
epitopes in the immunogen and the enzyme conjugate,
which may be introduced through the coupling reagents
(Gendloff et al., 1986), toxin—-HSA conjugates and toxin-
HRP conjugates were produced by using different coupling
methods.

On the basis of the determination of free amino groups,
it was calculated that the conjugation ratios (moles of toxin
derivative per mole of HSA) were approximately 15:1 for
3,15-HS-DON-HSA (AE method) and 25:1 for 15-HG-
3-AcDON-HSA (the amount of toxin derivative bound to
HRP was not determined).

Antibodies could be detected in the sera of all rabbits
immunized with the 15-HG-3-AcDON-HSA conjugate as
early as 4 weeks after the initial exposure, and the
maximum serum titer (1:1 200 000) was obtained from
rabbit 1 at week 26, whereas only one of the rabbits
immunized with 3,15-HS-DON-HSA gave sufficient im-
mune response after the first booster injection (maximum
serum titer, 1:52 000, at week 18). These results agree
with those of other authors who reported difficulties in
preparing antibodies against DON (Zhang et al., 1986;
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Table III. Cross-Reactivity of Deoxynivalenol (DON) and
3-Acetyldeoxynivalenol (3-AcDON) Antisera to Various
Trichothecenes

cross-reactivity?

toxin® DON antiserum 3-AcDON antiserum

deoxynivalenol 1 <0.001
3-acetyldeoxynivalenol 100 1

15-acetyldeoxynivalenol 1.1 0.016
nivalenol 0.063 <0.001
fusarenon X 0.014 <0.001
trichothecolone 0.007 <0.001
acetyl-T-2 <0.001 0.025
T-2 tetrol tetraacetate <0.001 0.013

a Cross-reactivity with the other toxins listed in Table I was below
0.001. ® Nanomoles of deoxynivalenol (DON antiserum) and 3-acetyl-
deoxynivalenol (3-AcDON antiserum), respectively, per milliliter
required for 50% inhibition/nanomoles of toxin per milliliter required
for 50% inhibition.

Casale et al., 1988), while 3-AcDON conjugates have proved
to be good immunogens (Kemp et al., 1986).

The conjugation site to the carrier protein and the choice
of animal for immunization seemed to be very critical for
anti-DON antibody production. Initial attempts in our
laboratory, employing the 8-carbonyl function of DON
for derivatization with carboxymethoxylamine (CMO),
forming an oxime which was then conjugated to HSA, or
reaction of DON with p-aminobenzoyl hydrazide and
subsequent diazocoupling of the resulting hydrazone
derivative to keyhole limpet hemocyanin according to the
method described by Quarrie and Galfre (1985) for ab-
scisic acid, failed toinduce production of specific antibodies
inrabbits, mice, and guinea pigs. Sera obtained from mice
immunized with the 3,15-HS-DON-HSA immunogen
reacted with a 3,15-HS-DON-HRP conjugate, but com-
petitive inhibition of this binding by free DON could not
be achieved, whereas the high specific titer in one of the
rabbits provided an amount of serum that was sufficient
to coat at least 10 000 microtitration plates.

Due to the modification of DON through the esterifi-
cation of the hydroxyl groups at Ry and R3, 3-AcDON and
15-AcDON are strongly recognized by the antiserum
against DON. Minor cross reactions were observed with
other 8-ketotrichothecenes (Table III). The decreasing
affinity of the DON antiserum for 3-AcDON, 15-AcDON,
DON, nivalenol, fusarenon X, and trichothecolone suggests
that the bridge region (i.e., succinyl) between DON and
HSA imitated the acetyl side chaines at R; and R3. T'ri-
chothecenes that lack the carbonyl group at C8 (e.g., di-
acetoxyscirpenol) were not recoghized by the antibody.
This indicates that the antiserum against DON is most
specific for the trichothecene skeleton combined with the
carbonyl function at C8 and acyl substituents at C3 and
Ci1s.

Derivatization of DON via the hydroxyl groups for
synthesis of the immunogen has been found to be the only
successful way of producing antibodies against DON.
Therefore, it is unlikely that one can successfully prepare
anti-DON' antibodies without any cross-reaction with
acetylated DON analogues. By immunizing mice with a
3-HS-DON-bovine serum albumin conjugate, Casale et
al. (1988) prepared a monoclonal antibody against DON
whichshowed higher affinity for 3-AcDON than for DON.
Recently, Mills et al. (1991) described the production of
antisera against DON, utilizing a 15-hemiglutaryl deriv-
ative of DON. No cross-reaction with the other tricho-
thecenes tested has been observed by the authors; however,
competitive inhibition by 15-AcDON had not been tested.

Vice versa, the antiserum against 3-AcDON prepared
in this study had only weak cross-reaction with 15-Ac-
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Figure 2. Standard curves of the competitive EIA for the
detection of DON, 3-AcDON, and 15-AcDON, utilizing inhibition
of DON-HG-HRP conjugate binding by each of these toxins to
antibodies obtained after immunization with DON-HS-HSA.
Each point represents the mean (£ standard deviation) of four
replicates.
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Figure 3. Standard curve of the competitive EIA for the
detection of 3-AcDON, utilizing inhibition of 3-AcDON-HG-
HRP conjugate binding by 3-AcDON toantibodies obtained after
immunization with 3-AcDON-HG-HSA. Each point represents
the mean (+ standard deviation) of four replicates.

DON, which lacks the acetyl side chain at Ry, and did not
react even with microgram quantities of the correspond-
ing alcohol (DON). Only minor cross-reactions were
observed with other trichothecenes (Table III). Thus, the
3-AcDON assay can be considered to be very specific for
3-AcDON.

Using toxinstandards, dissolved in PBS containing 10%
methanol, the detection limits (defined as the zero value
minus 2 standard deviations) for DON, 3-AcDON, and
15-AcDON in the direct ELISA for DON were 1.0, 0.05,
and 1.5 ng/mL, respectively (Figure 2). The detection
limit for 3-AcDON in the direct ELISA for 3-AcDON was
0.1 ng/mL (Figure 3). These results suggested the
possibility to discern 3-AcDON from DON and 15-Ac-
DON, respectively, which was important for the quanti-
tative determination of these toxins. The DON assay,
with its broad range of specifity, favorably detects these
three toxins simultaneously. Inthe presenceof 3-AcDON,
however, results from the DON ELISA would lead to an
overestimation of the toxin concentration. This problem
can be solved by utilizing selective determination of 3-Ac-
DON by the highly specific 3-AcDON ELISA.

Because the acetyl group of 3-AcDON is very susceptible
to hydrolysis (Yoshizawa and Morooka, 1975), this toxin
was easily converted to DON by incubation with KOH.
Up to concentrations of 1 mg/mL, no 3-AcDON was
detected after hydrolysis using TLC and spraying with
AICl3, whereas a new spot appeared with a Ryvalue identical
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to that of DON. From the detection limit of the TLC
method (50 ng/spot), it was calculated that nearly 100%
of 3-AcDON had been converted to DON. When assayed
in the DON ELISA, 3-AcDON-KOH reaction mixtures
gave results corresponding to the reaction product (DON),
and no 3-AcDON was detected in the 3-AcDON ELISA
at concentrations below 100 ng/mL. These results con-
firmed that, under the mild conditions used in this study,
an efficient conversion of 3-AcDON into DON could be
achieved. Conversion of 15-AcDON into DON using this
procedure was also nearly quantitative, as estimated using
TLC. However, due to the similar sensitivity of the anti-
DON antiserum for both toxins, this did not significantly
alter the results of the DON ELISA.

Consequently, using the DON ELISA combined with
the hydrolysis procedure, the content of DON, 3-AcDON,
and 15-AcDON in a solution can be expressed as DON
equivalents. This is important considering that acety-
lated trichothecenes are deacetylated by mammalian mi-
crosomal carboxyesterase (Ohta et al., 1978). Therefore,
3-AcDON and 15-AcDON have to be estimated as ap-
proximately equivalent to DON in aspects of their toxicity
in vivo (Thompson and Wannemacher, 1986). The de-
tection of all acetylated DON analogues known to occur
as natural contaminants, by the method described here,
needs to be tested for the analysis of food and feed.

ACKNOWLEDGMENT

We gratefully acknowledge Barbara Kramholler and
Holger Lerche, Institute for Pharmacology and Food
Chemistry, Chemical and Pharmacological Faculty, Uni-
versity of Munich, Munich, Federal Republic of Germany,
for the nuclear magnetic resonance spectra and Manfred
Gareis, Institute for Medical Microbiology, Infectious and
Epidemic Diseases, Veterinary Faculty, University of Mu-
nich, Munich, Federal Republic of Germany, for the mass
spectra. We thank David Abramson, Research Station,
195 Dafoe Road, Winnipeg, Manitoba, Canada, for many
helpful discussions and Mostefa Djeffal for excellent
technical assistance.

LITERATURE CITED

Abbas, H. K.; Mirocha, C. J.; Tuite, J. Natural Occurrence of
Deoxynivalenol, 15-Acetyldeoxynivalenol, and Zearalenone in
Refusal Factor Corn Stored Since 1972. J. Appl. Environ.
Microbiol. 1986, 51, 841-843.

Apsimon, J. W.; Blackwell, B. A.; Blais, L.; Fielder, D. A.; Green-
halgh, R.; Kasitu, G.; Miller, J. D.; Savard, M. Mycotoxins
from Fusarium Species: Detection, Determination and Va-
riety. Pure Appl. Chem. 1990, 62, 1339-1346.

Casale, W. L.; Pestka, J. J.; Hart, L. P. Enzyme-Linked Immu-
nosorbent Assay Employing Monoclonal Antibody Specific
for Deoxynivalenol (Vomitoxin) and Several Analogues. J.
Agric. Food Chem. 1988, 36, 663-668.

Chu, F. 8. Immunoassays for Mycotoxins. In Modern Methods
in the Analysis and Structural Elucidation of Mycotoxins;
Cole, R. J., Ed.; Academic Press: London, 1986.

Chu, F. S. Immunoassays for Mycotoxins: Current State of the
Art, Commercial and Epidemiological Applications. Vet. Hum.
Toxicol. 1990, 32, 42-50.

Cole,R.J.; Cox, R. J. The Trichothecenes. In Handbook of Toxic
Fungal Metabolites; Academic Press;: New York, 1981.

Coppock, R. W.; Swanson, S. W.; Gelberg, H. B.; Koritz, G. D.;
Hoffman, W. E.; Buck, W. B.; Vesonder, R. F. Preliminary
Study of the Pharmacokinetics and Toxicopathy of Deoxyni-
valenol (Vomitoxin) in Swine. Am.J. Vet. Res. 1985, 46, 169—
174.

Foster, B. C.; Trenholm, H. L.; Elliot, J. I.; Thompson, B. K.;
Hartin, K. E. Evaluation of Different Sources of Deoxyni-
valenol (Vomitoxin) Fed to Swine. Can.J. Anim. Sci. 1986,
66, 1149-1154.



ELISA for Deoxynivalenols

Gendloff, E. H.; Casale, W. L.; Ram, B. P.; Tai, J. H.; Pestka, J.
J.; Hart, L. P. Hapten-Protein Conjugates Prepared by the
Mixed Anhydride Method. J. Immunol. Methods 1986, 92,
15-20.

Habeeb, A. F. S. A. Determination of Free Amino Groups in
Proteins by Trinitrobenzenesulfonic Acid. Anal. Biochem.
1966, 14, 328-336.

Hebert, G. A.; Pelham, P. L.; Pittman, B. Determination of the
Optimal Ammonium Sulfate Concentration for the Fraction-
ation of Rabbit, Sheep, Horse, and Goat Antisera. Appl. Mi-
crobiol. 1973, 25, 26-36.

Kamimura, H.; Nishijima, M.; Yasuda, K.; Saito, K.; Ibe, A.;
Nagayama, T.; Ushiyama, H.; Naoi, Y. Simultaneous Detection
of Several Mycotoxins in Cereals, Grain, and Foodstuffs. .
Assoc. Off. Anal. Chem. 1981, 64, 1067-1073.

Kemp, H. A,; Mills, E. N. C.; Morgan, R. A. Enzyme-linked im-
munosorbent assay applied to rice. J. Sci. Food Agric. 1986,
888-894.

Kitagawa, T.; Shimozono, T.; Aikawa, T.; Yoshida, T.; Nish-
imura, H. Preparation and Characterization of Hetero-
Bifunctional Crosslinking Reagents for Protein Modifications.
Chem. Pharm. Bull. 1981, 29, 1130-1135.

Martlbauer, E.; Gareis, M.; Terplan, G. Enzyme Immunoassay
for the Macrocyclic Trichothecene Roridin A: Production,
Properties, and Use of Rabbit Antibodies. J. Appl. Environ.
Microbiol. 1988, 54, 225-230.

Mirtlbauver, E.; Hack, R.; Terplan, G. Preparation and Char-
acterization of Polyclonal and Monoclonal Antibodies against
Fusarenon X. Food Agric. Immunol. 1989, 1, 137-146.

Miller, J. D.; Taylor, A.; Greenhalgh, R. Production of Deox-
ynivalenol and Related Compounds in Liquid Culture by
Fusarium graminearum. Can.J. Microbiol. 1983a, 29,1171~
1178.

Miller, J. D.; Young, J. D.; Trenholm, H. L. Fusarium Toxins in
Field Corn. 1. Time Course of Fungal Growth and Production
of Deoxynivalenol and Other Mycotoxins. Can.J. Bot. 1983b,
61, 3080-3087.

Mills, E. N. C.; Alcock, S. M,; Lee, H. A.; Morgan, M. R. A. An
Enzyme-linked Immunosorbent Assay for Deoxynivalenol in
Wheat, Utilizing Novel Hapten Derivatization Procedures.
Food Agric. Immunol. 1990, 2, 109-118.

Morooka, N.; Uratsuji, N.; Yoshizawa, T.; Yamamoto, H. Studies
of the Toxic Substances in Barley Infected with Fusarium
spp. J. Food Hyg. Soc. Jpn. 1972, 13, 368-375.

Nieschlag, E.; Kley, H. K.; Usadell, K.-H. Production of Steroid
Antisera in Rabbits. In Steroid Immunoassay Proceedings
of the 5th Tenovus Workshop; Cameron, E. D. H., Hillier, S.
G., Griffith, K., Eds.; Alpha Omega: Cardiff, Wales, 1973.

Ohta, M.; Matsumoto, H.; Ishii, K.; Ueno, Y. Metabolism of T'ri-
chothecene Mycotoxins. II. Substrate Specifity of Microso-
mal Deacetylation of Trichothecenes. J. Biochem. 1978, 84,
697-706.

J. Agric. Food Chem., Vol. 39, No. 11, 1991 2098

Pestka, J. J. Enhanced Surveillance of Foodborne Mycotoxins
by Immunochemical Assay. J. Assoc. Off. Anal. Chem. 1989,
71, 1075-1081.

Pestka, J. J.; Moorman, M. A.; Warner, R. L. Dysregulation of
IgA Production and IgA Nephropathy Induced by the Tri-
chothecene Vomitoxin. Food Chem. Toxicol. 1989, 27, 361-
368.

Quarrie, S. A.; Galfrey, G. Use of Different Hapten-Protein
Conjugates Immobilized on Nitrocellulose to Screen Mono-
clonal Antibodies to Abscisic Acid. Anal. Biochem. 1985, 151,
389-399.

Sano, A.; Asabe, Y.; Takitani, S.; Ueno, Y. Fluorodensitometric
Determination of Trichothecene Mycotoxins with Nicotina-
mide and 2-Acetylpyridine on a Silica gel Layer. J. Chro-
matogr. 1982, 235, 257-265.

Tanaka, T.; Hasegawa, A.; Yamamoto, S.; Lee, U.-S.; Sugiura,
Y.; Ueno, Y. Worldwide Contamination of Cereals by the
Fusarium Mycotoxins Nivalenol, Deoxynivalenol, and Zearale-
none. 1: Survey of 19 Countries. J. Agric. Food Chem. 1988,
36, 979-983.

Tatsuno, T. Toxicological Research on Substances from Fusar-
ium nivale. Cancer Res. 1968, 28, 2393-2396.

Thompson, W. L.; Wannemacher, R. W. Structure-Function
Relationships of 12,13-epoxytrichothecene Mycotoxins in Cell
Culture: Comparison to Whole Animal Lethality. Toxicon
1986, 24, 985-994.

Tryphonas, H.; Iverson, F.; So, Y.; Nera, E. A.; McGuire, P. F;
O’Grady, L.; Clayson, D. B.; Scott, P. M. Effects of Deoxyni-
valenol (Vomitoxin) on the Humoral and Cellular Immunity
of Mice. Toxicol. Lett. 1986, 30, 137-150.

Ueno, Y. General Toxicology. In Trichothecenes—Chemical,
Biological and Toxicological Aspects; Ueno, Y., Ed.; Elsevier
Science: New York, 1983.

Vesonder, R. F.; Ciegler, A.; Jensen, A. H. Isolation of the Emetic
Principle from Fusarium-infected corn. J. Appl. Microbiol.
1973, 26, 1008-1010.

Xu, Y.-C,; Zhang, G. S.; Chuy, F. S. Enzyme-Linked Immunosor-
bent Assay for Deoxynivalenol in Corn and Wheat. J. Assoc.
Off. Anal. Chem. 1988, 71, 945-949.

Yoshizawa, T.; Morooka, N. Deoxynivalenol and its Monoace-
tate: New Mycotoxins from Fusarium roseum and Mouldy
Barley. Agric. Biol. Chem. 1973, 37, 2933-2934.

Yoshizawa, T.; Morooka, N. Studies on the Toxic Substances in
the Infected Cereals (III). Acute Toxicity of New Trichoth-
ecene Mycotoxins: Deoxynivalenol and its Monoacetate. J.
Food Hyg. Soc. Jpn. 1974, 15, 261-269.

Yoshizawa, T.; Morooka, N. Comparative Studies on Microbi-
ological and Chemical Modifications of Trichothecene My-
cotoxins. J. Appl. Microbiol. 1975, 30, 38-43.

Zhang, G.-S.; Li,S.W.; Chu, F. S. Production and Characterization
of Antibody Against Deoxynivalenol Triacetate. J. Food Prot.
1986, 49, 336-339.

Received for review June 6, 1991. Accepted September 9, 1991.



