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The gene(s) encoding enzyme(s) involved in the initial reaction during degradation of zearalenone (ZEA)
was characterized from the zearalenone utilizer Pseudomonas putida strain ZEA-1, where ZEA was trans-
formed into product with less or no toxicity. A 5.5 kilobase-pair (kbp) Pst1-Kpn1 fragment containing
gene(s) encoding for zearalenone degradation was cloned. The cloned gene(s) was actively expressed
in Escherichia coli. ZEA degradation by recombinant E. coli was relatively rapid and effective, leaving no
detectable ZEA after 24 h. In further experiments, cell-free extract of E. coli has been used in the same way,
both to confirm these observations and the enzymatic nature of the degradation activity.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Zearalenone (ZEA) [6-(10-hydroxy-6-oxo-trans-1-undecenyil )-
resorcylic acid lactone] is a mycotoxin produced by several species
of Fusarium, namely Fusarium graminearum and Fusarium culmo-
rum. Zearalenone and its derivatives exert oestrogenic and anabolic
effects on mammals [1]. Carryover of zearalenone from infected
grains to feedstuff causes reproductive problems in pigs, sheep,
and other farm animals. These problems include precocious sex-
ual development, vulva enlargement, pseudopregnancy, loss of
embryos, and reduced litter size [2-4]. Zearalenone may cause
hyperestrogenism in children when digested with grain-based
foods [5]. Zearalenone has been found to be genotoxic and carcino-
genic in mice [6-8]. Increasing attention has therefore been paid to
the development of an effective strategy for the ZEA decontamina-
tion.

Various physico-chemical methods for the treatment of zear-
alenone have been investigated. These include adsorption [9,10],
biodegradation [11-13] and ozonation [14]. Among them, biologi-
cal treatment is an attractive approach for removing zearalenone.
Zearalenone is readily biodegradable and a variety of microorgan-
isms including bacteria, yeasts, and fungi were found to be able
to convert zearalenone to a- and 3-ZEA. However, according to
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Karlovsky [15], this transformation cannot be regarded as detoxifi-
cation since the oestrogenic activity of these metabolites is similar
to that of ZEA. Takahashi-Ando et al. [13] identified and character-
ized a lactonohydrolase enzyme in the fungus Clonostachys rosea
which converts ZEA to a less oestrogenic compound. The hydrolase
responsible for detoxification was purified to homogeneity and its
gene (designated zhd101) was subsequently isolated [ 13]. However,
no work has been reported on the cloning of bacterial gene espe-
cially Pseudomonas that encodes zearalenone degradation activity.
Recently, we also isolated a P. putida ZEA-1 strain, which can rapidly
transform/detoxify the zearalenone [16,17]. An enzyme capable of
transforming zearalenone and its derivatives, including «- and 3-
zearalenone, was expressed by genes born on the large plasmid.
Here, we report the molecular cloning of the gene(s) that encodes
this zearalenone transforming enzyme(s) expression.

2. Materials and methods
2.1. Chemicals

Mycotoxins (zearalenone, a- and 3-zearalenol) were purchased
from Sigma (St. Louis, MO, USA) and other chemicals were offered
from Merck Co. (Darmstadt, Germany) as analytical reagent grade.
Bacteriological media were purchased from Difco (Difco Laborato-
ries, Detroit, Michigan) and Oxoid (Oxoid Inc., Nepean, Ontario).
Each mycotoxin was dissolved in DMSO (10 mg/mL) and used as a
standard stock solution.
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Table 1

Plasmids and bacterial strains used in this study

Strain or plasmids Characteristics Source

Bacterial strains
Pseudomonas putida ZEA-1 Zearalenone degrading soil isolate (ZEA™) [17]
P. putida ZEA-1 Plasmid-cured derivatives of P. putida ZEA-1 (ZEA~) [16]
Escherichia coli DH5 SupE44 delta Lac U169 (Phi80Lac delta M15 hasd R17 RecA1 9 yrA 96 Thi-1relAt Gibco, BRL
Escherichia coli BL21 (DE3) Expression vector host Novagene

Plasmids
puUC18 pMBI1 replicon, LacZ’ Ap” [25]
pUC19 Pmb1 replicon, LacZ’ Ap* [25]
pET5a Expression vector Novagene
PZEA-1 Plasmid isolated from P. putida ZEA-1, 120 kb [16]
PZEA-2 8.6 kb BamH1 fragment insert of pZEA-1 insert cloned into pUC19 This study
pZEA-3 8.6 kb BamH1 fragment insert of pZEA-1 cloned into pUC19 in opposite direction This study
PZEA-4a 5.5kb Pst1-Kpn1 fragment insert cloned in pUC19
PZEA-4b 5.5kb Pst1-Kpn1 fragment insert cloned in pUC18
pZEA-4az 5.5kb Pst1-Kpn1 fragment insert cloned from pUC19 into expression vector pET5a This study
PZEA-4bz 5.5kb Pst1-Kpn1 fragment insert cloned from pUC18 into expression vector pET5a This study
PZEA-5 3.2kb BamH1-Xba1 fragment insert cloned in pUC19 This study
pPZEA-6 4.2 kb Sph1-BamH1 fragment insert cloned in pUC19 This study
PZEA-7 4.2 kb BamH1-Sph1 fragment insert cloned in pUC19 This study
PZEA-8 3.9 EcoR1 fragment insert cloned in Puc19 This study

2.2. Bacterial strains, plasmids, and media

The bacterial strains and plasmids used in this study are listed
in Table 1. E. coli DH5a was used as the host strain for construction
and maintenance of recombinant plasmids containing ZEA degrad-
ing gene(s). E. coli BL21 (DE3) was used for expression of the ZEA
genes. E. coli strains harboring recombinant plasmids were grown
at 37°C in 50 mL LB (Luria Broth) medium (5 g yeast extract, 10g
trypton, and 10 g NaCl) in 1L distilled water containing ampicillin
(Ap) (50 pg/mL). Selecting minimal salt medium (MSM) utilizing
100 pg/mL zearalenone as a sole carbon source contained the fol-
lowing: (NH4), SO4 0.5; MgS04-7H;0, 0.2; CaCly, 0.05; NayHPO4,
2.44; and KH,PO4, 1.52 g/L. For plate cultures, the previous media,
solidified with 1.6% (w/v) agar were used. The pH was adjusted to
6.8 and the medium was sterilized prior to the addition of organic
substrates.

2.3. Analytical methods

The concentration of zearalenone in the aqueous solutions was
determined as described by Utermark and Karlovsky [18] using a
high performance liquid chromatograph (HPLC) equipped with a
Polaris column, C18-A (5 wm, 150 by nm; Varian, Darmstadt, Ger-
many). A mixture of 55% methanol (55%, v/v), acetonitrile (5%, v/v),
and water was used as the mobile phase, and the flow rate was
0.2 mL/min, the column temperature was 40 °C, and detection was
done with a diode array detector (absorbance at 200-800 nm). The
wavelength corresponding to the maximum absorbance (Amax) of
zearalenones was determined by scanning a standard solution of
known concentration at different wavelengths. The Amax value, as
determined from this plot, was 254 nm. This wavelength was used
to prepare a calibration curve between absorbance and zearalenone
concentration (given in units of pg/mL) in aqueous solution. The
linear region of this curve was further used for the determination of
zearalenone concentration of unknown samples. Using a sterilized
syringe, 1 mL of aqueous samples were drawn from the reaction
mixtures at regular intervals. The samples were then transformed
to a centrifuge tube (Eppendorf, Germany) and centrifuged (Biofuse
Stratos, Germany) at 10,000 rpm for 10 min at 4°C and the super-
natant was done by extracting with ethyl acetate and removing the
solvent on a rotary evaporator. The residue was dissolved in the
mobile phase before residual zearalenone analysis.

The degradation products from the reaction mixture or growing
cells were extracted twice with an equal volume of chloroform and
were developed on a TLC plate (Kieselgel F,54, Merck, Darmstadt,
Germany) with chloroform/acetone (80:20, v/v). The developed
plates were exposed to a UV lamp and the metabolites were recov-
ered from TLC plates by elution with ethyl acetate.

2.4. Preparations, analysis, and cloning of DNA

Plasmid DNA isolation, restriction enzyme digestion, ligation,
transformation, and DNA electrophoresis in agarose gels were per-
formed according to standard protocols [19]. Plasmid DNA was
isolated by the procedure of Kado and Liu [20] in Pseudomonas
strains. Briefly, total plasmid DNA, isolated from P. putida strain ZEA-
1, was digested with restriction endonuclease BamH1 and ligated to
the cloning vector, pUC19 [21]. After ligation reaction the success-
ful clones were selected by blue-white screening, while colonies
having pUC19 vector with insert were selected and subsequently
screened for zearalenone degradation. Several subclones were gen-
erated by cloning onto pUC19 or 18 to locate precise region of ZEA
degradation genes (Table 1). The enzymes EcoR1, Pst1, Sph1, Xbal,
and Kpn1 as well as T4 DNA ligase were used for subcloning of
different DNA fragments.

2.5. Biotransformation of zearalenone by crude enzyme of
recombinant E. coli

To examine whether the subcloned DNA in plasmid pZEA-4a
or pZEA-4b expressed ZEA genes by using expression vector the
5.5kb Pst1-Kpn1 fragment was cloned into in either possible ori-
entation and create pZEA-4az and pZEA-4bz. Both pET5a constructs
were subsequently transformed into E. coli BL21 (DE3) for expres-
sion. One colony of freshly transformed cells was used to inoculate
2mL medium containing 50 wg/mL ampicillin and incubated for
8-10h at 37°C. Then, 2 mL cell suspension was used to inoculate
50 mL LB medium supplemented with 50 pg/mL ampicillin. Opti-
mal production of recombinant protein (enzyme) was obtained
when mid-exponential phase cells (ODggg = 0.6) were induced with
0.4mM IPTG for 5 h at 37 °C. The cells were then harvested by cen-
trifugation (10,000 rpm, 10 min, 4°C), washed twice with 10 mM
Tris-HCI (pH 7.6) and resuspended in the same buffer. The cells
were then disrupted with a sonicator and centrifuged at 12,000 x g
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Fig. 1. Cloning of DNA fragments of pZEA-1 in E. coli, using the vector pUC19 and localization of the ZEA degradation gene(s). pZEA-1 fragments that when ligated into pUC19
indicated on the left. At the right are shown the phenotypes of E. coli DH5a harboring these plasmids, +, growth on zearalenone (ZEA) and transform it to a new product
(R¢=0.09); —, no growth. Relevant restriction sites of the pZEA-1 used for cloning: B, BamH1; E, EcoR1; P, Pst1; X, Xbal, and K, Kpn1.

for 20min to obtain the supernatant, which include the crude
enzyme fraction. Enzyme assays were initiated by the addition of
100 L of the crude enzyme fraction to a reaction mixture con-
taining 3.66 mL of 10mM Tris-HCl (pH 7.5), and an initial ZEA
concentration of 100 g/mL. The mixture was incubated in the dark
at 30°C without shaking for 2, 4, 6, 8, 12 and 24 h for the opti-
mal reaction or incubation time studies. Degradation at different
temperatures and pH was also studied to obtain the optimum tem-
perature and pH for the enzyme activity. Temperatures considered
were 10, 20, 30, 37 and 50°C over a period of 24 h at pH 7.0 and pH
considered were 5, 6,7, 8,9, and 10 over a period of 24 h at 30°C. All
experiments were carried out in duplicates. Each experiment was
terminated by the addition of 750 L ethyl acetate for extraction of
the remaining ZEA and analyzed by HPLC.

2.6. Analysis of recombinant plasmid-encoded gene products

The gene products encoded by the Pst1-Kpn1 fragment of pZEA-
2 in pZEA-4za were analyzed in crude cell extracts of E. coli BL21
(DE3) containing recombinant plasmid The proteins were sepa-
rated in SDS-polyacrylamide gels and then stained with Coomassie
blue [19].

2.7. Degradation of ZEA and its derivatives by resting cells of
recombinant E. coli

After IPTG induction of E . coli transformants carrying pZEA-
4a or pZEA-4b, the cells were then harvested by centrifugation
(10,000 rpm, 10 min, 4 °C), washed twice with 10 mM Tris-HCI (pH
7.6) and resuspended in the same buffer to an ODgyo of 12-13,
mycotoxins were then added to the culture medium at final con-
centration of 100 pg/mL. The reaction mixture was incubated on
reciprocal shaker at 30°C. the samples were drawn from the reac-
tion mixture at regular intervals and analyzed by HPLC as described
above.

2.8. Toxicity bioassay

The toxicity of zearalenones and its degradative products were
compared through bioassay against Artemia salina based on the
method of Harwig and Scott [22]. The final concentration of
zeralenone, a-, and (3-zeralenone were 100 pg/mL, which were
approximately 90% lethal concentration (LDgg) for the larvae
[16,17]. Groups of larvae were exposed to only toxins in a 96-well
microtitration plates and those including toxins treated with the
crude enzyme. Groups including only crude enzyme served as neg-
ative controls. Brine shrimp were counted by using a 10x objective
of a dissecting microscope. One milliliter of acetone was added
to each well to kill all of the shrimp in the well and to count the
total number of brine shrimp/well. All treatments were carried out
in triplicates and all experiments were repeated three times. The
plates were kept in growth chamber at 28 °C and the mortality was
evaluated at 28 °C. Complete immobility or paralysis was taken as
indication for neurotoxic activity towards the larvae.

3. Results and discussion

3.1. The zearalenone-specific transforming enzyme is plasmid
encoded

The natural soil isolate P. putida strain ZEA-1 has been shown
to convert the mycotoxin zearalenone to a compound with low
or no toxicity as compared with the parent compound [17]. This
compound has specific UV spectra (400 nm) and Ry value of 0.09.
Plasmid DNA analysis of P. putida strain ZEA-1 cultures grown on
zearalenone as sole carbon source indicated the presence of a single
large plasmid element [16]. This plasmid was designated as pZEA-
1 of approximately 120 kb and is responsible for ZEA degradation.
This was based on the fact that subsequent plasmid curing of this
strain resulted in the abolishment of ZEA degradation phenotype
[16].
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Fig. 2. TLC detection of ZEA degradation in a resting cell system and crude extract.
Lane 1, ZEA incubated with resting cells of wild type P. putida ZEA-1 (pZEA-1); lane
2, ZEA incubated with resting cells of recombinant E. coli DH5« (pZEA-4a), lane 3,
ZEA incubated with resting cells of recombinant E. coli DH5a (pZEA-4b), lane 4, ZEA
incubated with crude extract of P. putida (pZEA-1), lane 5, ZEA incubated with crude
extract of E. coli BL21 (DE3) (pZEA-4az), lane 6, ZEA incubated with crude extract of
E. coli BL21 (DE3) (pZEA-4bz), lane 7, ZEA Incubated with crude extract of wild type
E. coli BL21 (DE3) (plasmidless, ZEA~), and lane 8, ZEA standard.

3.2. Cloning and localization of ZEA degradation genes in pZEA-1

Analysis of recombinant plasmids isolated from the responsi-
ble transformed DH5a showed that they all carried a 8.6 kb BamH1
fragment inserted in vector pUC19. One of the plasmid was des-
ignated as pZEA-2 (Fig. 1). Plasmid pZEA-3, which is the same as
PZEA-2 except that the 8.6 kb fragment is inserted in the opposite
direction on the vector, also exhibited the same catabolic activity
as pZEA-2 when introduced into E. coli DH5a«, suggesting that the
8.6 kb fragment carries the ZEA degradation gene(s), as well as their
promoter(s).

3.2.1. Restriction mapping of the 8.6 kb BamH1 fragment and
further subcloning ZEA degradation genes

A physical map of the 8.6 kb fragment showing EcoR1, Kpn1, Pst1,
Sph1, and Xbal sites was generated (Fig. 1) and used to develop
ZEA gene(s) subcloning strategies. By assaying all constructs for
the formation of a new product (R¢=0.09) in the medium, it was
suggested that the DNA region conferring ZEA degradation gene(s)
activity located within a 5.5 kb Pst1-Kpn1 fragment (Fig. 1). This
fragment was cloned into pUC19 and pUC18 to create pZEA-4a and
PZEA-4b, in either of the two possible orientations. Both constructs
were shown to harbour the genes functional for the conversion
of ZEA to a new product with an R¢ value of 0.09 in whole cell
assay experiment (Fig. 2). This suggests that the promoter of the
ZEA gene(s) originating from P. putida ZEA-1 was expressed well in
E. coli. It is likely that the DNA sequences representing the gene(s)
encoding ZEA catabolism most probably are present within a 5.5 kb
Pst1-Kpn1 segment.

3.3. Degradation of ZEA by cell-free extracts of recombinant E. coli

Zearalenone degradation by cells free extracts of the E. coli
BL21 (DE3) carrying recombinant plasmid (pZEA-4az) over a period
of 24h was followed, and different levels of degradation were
observed (Fig. 3). No ZEA degradation activity was observed with

1004 7%
&Y —D:D..D:D:D 0 ]
80
S 60
o
£
= |
‘T
1]
2 404
()
j g
o
c
E ]
[
b
9 20
A
0+ AN A A
T L T v T L} T L T B T
0 5 10 15 20 25

Time (hr)

Fig. 3. Zearalenone degradation kinetics observed over a period of 24 h using cell-
free extracts of recombinant E. coli BL21 (DE3). Cell extracts of E. coli BL21 (DE3)
(PZEA-4a), (a); cell extract of wild type E. coli BL21 (DE3), (W); cell extracts of P.
putida ZEA-1 (pZEA-1), (A), and cell extract of P. putida ZEA-1M (plasmidless), (0).
Cell extracts were obtained in a sonication process and the remaining of ZEA were
measured by HPLC at appropriate time.

wild type E. coli BL21 (DE3). The degradation efficiency of crude
extract obtained from E. coli BL21 (DE3) containing recombinant
plasmid was almost identical to that of P. putida ZEA-1 (pZEA-1)
during incubation with zearalenone. Also, crude extract from the
induced cultures efficiently converted ZEA (R¢=0.64) into a product
with an Ry value of 0.09 (Fig. 2). The control E. coli extract (i.e. with-
out the recombinant plasmid) did not yield ZEA conversion product
(Rf=0.09) even after 24 h of incubation with ZEA (Fig. 2). The effect
of different temperature and pH on the loss of ZEA by crude protein
extracts of recombinant bacterial strain was also evaluated. After
an incubation time of 24 h at 10, 20, 30, 37and 50°C the residual
ZEA-content was determined (Fig. 4). The crude enzyme showed
an optimum activity at 30-37°C. These results are in agreement
with those obtained by Takahashi-Ando et al. [13], who found that
the optimum temperature for ZEA degradation enzyme was 37°C
and it was rapidly inactivated at 50 °C. Solution pH also affected
the amount of ZEA degradation by crude protein extracts after 24 h.
maximum degradation was observed at pH 7-8 (pH levels: 5, 6, 7,
8, and 10), with some ZEA degradation occurring at pH as low as 5
and as high as 10 (Fig. 5). Similar findings were reported by Smiley
and Draughon [23]. However, Takahashi-Ando et al. [13] found that
the optimum pH for the same enzyme is 10.5. This difference in the
enzyme optimum pH may be attributed to the different enzyme
source.

3.4. Expression of cloned genes in E. coli

The synthesis of cloned gene products was analyzed by prepar-
ing crude cell extract of E. coli containing chimeric plasmid
(pZEA-4az)-positive and -negative (pET5a) clones. Subsequently,
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Fig. 4. Zearalenone degradation at different temperatures using cell-free extracts
from E. coli BL21 (DE3) (pZEA-4), (W), and P. putida (pZEA-1), (O). The reaction was
carried out at 25, 30, 37, and 50 °C. The remaining of ZEA was measured by HPLC at
appropriate time.

the cell extract was then subjected to SDS-polyacrylamide gel elec-
trophoresis. The protein was produced so abundantly in E. coli that it
could be readily visualized in conventional Coomassie blue-stained
SDS-polyacrylamide gels. Fig. 6 (lane 3) shows the protein profile
of E. coli BI21 containing the plasmid vector (negative control).
The protein synthesized by strain BL21 containing recombinant
plasmid after induction with IPTG is shown in Fig. 6 (lane 4).
The results shown in Fig. 6 (lane 4) indicate that the cloned DNA
(pZEA-4az) expressed at least two peptides with different molec-
ular weight. This variation in peptides could be attributed to a
number of gene products that were expressed and involved in
ZEA degradation. Evidence of the expression of ZEA gene(s) in E.
coli either driven by the promoters contained in cloned DNA or
through the promoter of plasmid vector indicating that cloned
DNA has promoter-like sequence that is recognized by E. coli
RNA polymerase.

3.5. Degradation of ZEA and its derivatives by recombinant
bacteria

Recombinant E. coli DH5« cells carrying (pZEA-4a) was tested
for their ability to remove ZEA and its derivatives from liq-
uid medium. The wild type E. coli metabolized neither ZEA nor
its derivatives, and the mycotoxin was fully recovered as non-
transformed from the media (Fig. 2), it was not absorbed or
adsorbed to bacterial cells (data not shown). On the other hand,
an IPTG induced culture of recombinant bacteria carrying pZEA-
4a completely removed ZEA and its derivatives from the media
(Fig. 7). However, the degradation of a-zearalenol by recombi-
nant E. coli was quite inefficient compared with the degradation
of ZEA and 3-zearalenol (Fig. 7). Takahashi-Ando et al. [13] cloned
and characterized a ZEA-detoxifying gene, zhd101, from fungus C.

rosea which remove zearalenone and its derivatives from culture
media.

3.6. Bioassay

Mortality of the test organisms is a sensitive endpoint for
the assessment of the ecotoxicological risk by the environmental
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Fig. 5. Zearalenone degradation at different pH using cell-free extracts from E. coli

BL21 (DE3) (pZEA-4), (W); and P. putida (pZEA-1), (O). The remaining of ZEA were
measured by HPLC at appropriate time.
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Fig. 6. SDS-PAGE analysis of recombinant proteins expressed in E. coli BL21 (DE3).
Lane 1, Protein molecular weight standards; lane 2, whole cell lysate of E. coli BL21
(DE3) (plamidless); lane 3, E. coli BL21 (DE3) carrying pET5a; lane 4, E. coli BL21
(DE3) carrying pZEA-4az. The arrows A and B indicate the peptide bands encoded
by chimeric plasmid.
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Table 2
Percentage survival of A. salina larvae exposed to toxin solution

Toxin Percentage survival of larvae

Exposed to toxin for 6 h

Exposed to toxin for 12 h

No crude? enzyme

Crude enzyme? Crude enzyme?

Zearalenone 100 pg/mL 11+1
a-Zearalenone 100 pg/mL 10+1.5
[B-Zearalenol 100 pg/mL 12+2
Degradative product100 pg/mL 100
Water 100

85+3 99+1
83+1 96+2
85+4 99+1
100 100
100 100

2 Each value is a mean of three replicates and + indicates standard deviation among them.

pollutants. Accordingly, the microbial biotransformation-mediated
decrease in the toxicity of the test compounds has been taken as an
indicator of their biological treatment [24]. This test was made to
show that biotransformation of zearalenone and its derivatives lead
to metabolites that are nontoxic. In this study, the toxicity of the
zearalenone, along with the metabolites formed after their crude
extract treatment, was evaluated by using test organism Artemia
salina. It was observed that the degradation of zearalenone and its
isomers was accompanied by a substantial reduction in their toxi-
city to the test organisms (Table 2). After 6 and 12 h of incubation
with crude enzyme, 85 and 100% of larvae survived, respectively
(Table 2). This finding suggests that the crude enzyme mediates
the metabolism of zearalenone and the formed metabolites are
less toxic. Previous reports indicate a variety of microorganisms
including bacteria, yeasts and fungi were able to convert zear-
alenone to a- and [(3-zearalenol. However, according to Karlovsky
[15], this transformation cannot be regarded as detoxification since
the oestrogenic activity of these metabolites is similar to that
of ZEA. Takahashi-Ando et al. [13] identified and characterized a
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Fig.7. Degradation of zearalenone and its derivatives by resting cells of recombinant
E. coliDH5a (pZEA-4). Mycotoxins were included in MSM medium at a concentration
of 100 pg/mL.: (a), ZEA; (O), a-zearalenol; (A ), B-zearalenol; and (@), ZEA incubated
with no bacteria. The remaining of ZEA were measured by HPLC at appropriate time.

lactonohydrolase enzyme in the fungus C. rosea which converts
zearalenone to a less toxic compound. Therefore, it is proposed
that the crude enzyme can be used for the bioremediation of
zearalenones.

4. Conclusion

Genes specifying degradation of zearalenone in P. putida ZEA-
1 were studied to understand their localization in this bacterium.
This goal was achieved in part by subcloning the ZEA genes that
specify degradation/detoxification of ZEA from previously reported
plasmid pZEA-1. The relative position of ZEA genes expressed in E.
coli and mapped by restriction enzymes analysis was established
on 5.5 kb DNA fragment. Our results have demonstrated that cell-
free extract of recombinant E. coli effectively degrade ZEA and
the optimum degradation was occurred at 30-37°C. Since more
than one protein induced through growth of recombinant E. coli
on zearalenone suggesting that a number of genes products were
expressed and involved in ZEA degradation. However, the close link
between these gene(s) and the fact that we were unable to separate
these gene(s)on the 5.5 kb fragment may indicate that the genes are
organized in a complex structure. It is not unusual that degradative
genes are clustered in one or more large operons in bacteria [25].
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