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ABSTRACT

Background: Aflatoxin B1 (AFB1) is a mutagenic and carcinogenic compound mainly produced
by the Aspergillus parasiticus, A. flavus, A. nomius, A. tamari, and A. pseudotamarii. AFB1
biodegradation is the most important strategy for reducing AFB1 in plant tissues. Bacteria can
deactivate and biodegrade AFB1 for effective detoxification of contaminated products. The present
study investigated the efficiency of AFB1 degradation by soil bacteria from the Southern Khorasan
Province in Eastern Iran by thin-layer and high-performance liquid chromatography during 2014—
2015.

Methods: DNA was extracted from AFB1-degrading isolates by the cetyltrimethylammonium
bromide method and the 16S rRNA gene was amplified with the 27f and 1492r general bacterial
primers and the sequences were used to identify the isolates based on their similarity to Gene
Bank sequences of known bacterial species.

Results: We isolated five strains from four species of AFB1-degrading bacteria from Birjand plain,
including Bacillus pumilus, two isolates of Ochrobactrum pseudogrigonens, Pseudomonas
aeruginosa, and Enterobacter cloace, which had AFB1-degrading activities of 88%, 78%, 61%,
58%, and 51%, respectively.

Conclusion: We provide the first demonstration of AFB1 degradation by B. pumilus in from Iran
and the first report identifying O. pseudogrigonens and E. cloace species as having AFB1-
degrading activity.

Keywords: Degrading, Detoxification, Enterobacter cloace, Ochrobactrum pseudogrigonens,

Pseudomonas aeruginosa.

INTRODUCTION

Aflatoxins are bis-furano-isocoumarin compounds
produced by some Aspergillus species, including A.
parasiticus, A. flavus, A. nomius, A. tamari, and A.
pseudotamarii [1, 2]. Among 18 known types of
aflatoxins, 14 are produced in nature, with aflatoxin
B1 (AFBI) being the most toxic. AFBI affects DNA,
RNA, and protein synthesis and can alter nuclear
morphology [3]. Aspergillus species can colonize
plant tissues under a variety of environmental
conditions and produce AFBI [4], removed from
infected tissues by physical and chemical methods
[S] to produce resistant plants [6]. AFBI
biodegradation is the most important strategy for
reducing AFB1 in plant tissues [4].Several species of
protozoan, fungus, and AFBIl-degrading bacterium
have been identified to date [4].
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The unicellular protozoan Tetrahymena pyriformis
can decrease AFB1 concentration by 58% and 67%
in 24 and 48 h, respectively, by converting the
compound to AFRO [7]. The yeast Sacharomyces
cervisiae can bind to AFB1 and reduce its levels in
liquid cultures, although it is less effective than
bacteria [8]. The fungi Penicillium raistrickii,
Rhizopus oligosporus, and Pleurotus ostreatus [9]
express laccase enzyme that degrades AFB1. Some
aflatoxin-producing Aspergillus species are also
capable of degrading their own synthesized
mycotoxins [4].

Bacteria are the most important microorganisms
that degrade aflatoxin, accomplished via adsorption,
digestion, or degradation [4]. Different species of
bacteria such as Bacillus licheniformis [10], B.
subtilis [11], Mycobacterium fluoranthenivorans
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[12],  Myxococcus  fulvus  [13],  Nocardia
corynebacterioides [14], Flavobacterium
aurantiacum [15, 16], Rhodococcus erythropolis
[17], and Stenotrophomonas maltophilia [18] have
been identified as AFBl-degrading bacteria.
Lactobacilli and lactic acid-producing bacteria can
reduce AFB1 through acid production under
fermentation  conditions. The AFBI1-degrading
activity of Lactobacillus rhamnosus [19], L. gasseri
[20], L. casei [21], and L. acidophus [22] has also
been demonstrated, while the AFBIl-degrading
activity of F. aurantiacum is influenced by various
factors such as the presence of metal ions in the
culture medum [15, 16].

AFB1 contamination is a major factor limiting the
production and export of products such as pistachio
in Iran [23]. Recent studies on AF biodegradation
have mostly focused on the applicability of
lactobacilli to animal husbandry and milk production;
only one study has investigated the strength of
aflatoxin degradation in the plant-bacterium B.
subtilis [11].

In the present study, we isolated AFBI-degrading
bacteria present in the garden and field soils of
Birjand Plain in Eastern Iran—where important
export crops such as pistachio, jujube, barberry, and
medicinal plants are grown—in order to identify
species potentially exploited for the purposes of AF
decontamination.

MATERIALS AND METHODS

Reagents and Sample Collection

Standard solutions of AFB1 (Sigma-Aldrich, St.
Louis, MO, USA) were prepared with methanol at a
stock concentration of 10 ppm. Soil samples were
collected from farms, gardens, and around municipal
wastewater treatment centers in the Birjand plain
during 2014-2015 for isolation of AFBI1-degrading
bacteria.

Bacterial Culture

Bacteria capable of growing on minimal medium
[24] or de Man, Rogosa, and Sharpe (MRS) agar [25]
containing 200 ppb of AFB1 were selected and
further tested for AFB1-degrading activity. Selected
isolates were cultured in nutrient broth (NB) or MRS
broth (Merck Co.) for 12 h, and 1 ml of culture was
transferred to NB or MRS broth (49 ml) in a flask
and cultured at 37 °C with agitation for 24 h. A 1-ml
volume of AFB1 solution (10 ppm) was added to the
bacterial cultures for a final concentration of 200
ppb. Detoxification tests were carried out in the dark
at 37 °C for 10 d [24]. After incubation, cells were
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removed by centrifugation at 12000 rpm for 5 min
and both cells and supernatant were examined. Sterile
NB and MRSB were used as controls. Samples were
extracted three times with chloroform according to
Shotwell, Hesseltine [26] method and the extracts
were evaporated under nitrogen gas. The residue was
dissolved in 50% methanol in water (1:1, v/v) and
analyzed using immunoaffinity column clean-up with
HPLC and fluorescent detection [27] in TESTA Co.
(Mashhad, Iran). The following formula was used to
calculate the percentage of AFBI1 degradation:
[AFB1 peak area in control - AFBI peak area in
treated samples/AFB1 peak area in control] x 100.

DNA  Extraction and 16S Rrna
Amplification

Gene

Bacterial genomic DNA was extracted from AFB-
degrading bacteria using the
cetyltrimethylammonium bromide method. The 16S
rRNA gene was PCR-amplified with the 27f and
1492r general bacterial primers (5'-
AGAGTTTGATCCTGGCTCAG-3' and 5'-
GGTTACCTTGTTACGACTT-3', respectively) [28].
PCR reactions were carried out using Taq PCR
Master Mix (Sinaclon Co., Karaj, Iran) and included
12.5 ul Taq PCR Master Mix (0.2 U/ul Tag DNA
polymerase in reaction buffer, 3 mM MgCl, and 0.4
mM each dNTP), 1 ul each 10 pmol/l primer, 1 pl
fungal genomic DNA solution, and 9.5 pl distilled
water in a total reaction volume of 25 pul [29].
Amplification conditions were as follows: 94 °C for
5 min; 35 cycles 94 °C for 1 min, 58 °C for 1 min,
and 72 °C for 1 min; and 72 °C for 10 min [29].
Reaction products were analyzed on a 1% agarose gel
stained with DNA Safe Stainv2 (Sinaclon Co.) and
sequenced by Macrogen (Seoul, Korea). DNA
sequences were manually edited using Bioedit v.7.1.3
and aligned using MEGA 6.0 software [30].
Phylogenetic analyses were carried out using MEGA
6.0 software [31] by the neighbor-joining method,
and the degree of confidence in phylogenetic
branching was assessed using 1000 bootstrap
samples.

RESULTS

Afbl Concentration in Bacterial Cultures

Of several bacterial strains from Gram-positive and
negative isolated, five had AFB1-degrading activity.
The AFBI1 concentration in the control and other
media before adding bacteria was 200 ppb. Samples
were diluted by 1/20 for HPLC so that AF
concentration in the analyzed control sample was 10
ppb. After the incubation period and analysis, the AF
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concentration in the control medium was 9.02 ppb,
representing a 0.98-ppb reduction, likely due to AF
degradation during incubation. Since the solution was
diluted by 1/20, after 10 d in the control medium, the
concentration was 180.4 ppm; that is, 19.6 ppm was
degraded over this period.

Identification of Afbl-Degrading Bacteria

The HPLC analysis revealed a range of AFBI
concentrations among samples. The AFBI
concentration in cultures of isolate F14—a Gram-
positive endospore-forming species—was 1.03 ppm;
the total amount of toxin in the culture medium was
therefore 20.6 ppm, which was 151.8 ppm lower than
that in control cultures. Thus, this isolate degraded
88% of AFB1 in the medium over a period of 10 d. A
1400-bp fragment corresponding to16S rRNA was
amplified from the genome of the F14 isolate (NCBI
accession no. KX896754) and was found to have >
99% similarity to B. pumilus 16S rRNA.

Isolates F15 and F17 had the same biochemical
characteristics of reducing AFB1 concentration in the
medium. For F15, 1.9 ppm AFB1 was present in the
solution analyzed by HPLC; therefore, the amount of
toxin in the culture medium was 38 ppm,
representing a decrease of 142.4 ppm relative to the
control. Thus, this isolates degraded about 78% of
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AFBI in the medium (Fig. 1). The amount of AFBI
in the F17 culture medium was 3.5 ppm; after 10 d,
the concentration was 70 ppm, indicating that this
isolate degraded 61% of the toxin. Both strains were
Gram-negative and oxidase positive. The 1281- and
1359-bp fragments amplified from isolates F15 and
F17 (NCBI accession nos. KX896755 and
KX896756, respectively) showed > 99.7% similarity
to the Ochrobactrum pseudogrigonens16S tRNA
gene (Fig. 2).

Isolate F16 reduced AFBI1 levels in the injected
sample to 3.8 ppb after 10 d; thus, the toxin
concentration was reduced from 180.4 to 76 ppm in
the medium and 104 ppb AFB1 were degraded in 10
d, representing a decrease of 57%. F16 was a Gram-
negative, facultative anaerobe; the amplified 1470-bp
sequence (NCBI accession nos. KX896752) showed
100% similarity to thel6S rRNA sequence of
Enterobacter cloace.

Isolate F18 reduced AFB1 concentration in the
medium to 74 ppm during the analysis,
corresponding to 58% degradation. This isolate was a
Gram-negative, oxidase-positive, siderophore-
forming bacterium; based on the 16S rRNA sequence
(NCBI accession nos., KX896753) it was identified
as P. aeroginosa.
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Figure 1. Chromatograms of AFB1 biodegrading bacteria after 10 days: (a) control; (b) Pseudomonas
aeroginosa; (c) Ochrobactrum pseudogrigonens strain F18; (d) Enterobacter cloace; () Bacillus pumilus; (f)
O. pseudogrigonens strain F15.
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Bacillus subtilis subsp. subtilis str. 168 gi507147976
B. subtilis gi631251432
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B. pumilus KX896754

B. pumilus gi343198673

B. pumilus gi631251440

B. safensis gi631252747

B. stratosphericus gi645321487
—— B. aerius gi645321485
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Pseudomonas otitidis gi343202811
P. guezennei gi636558900

P. resinovorans gi631250866

P. aeruginosa KX896753

P. aeruginosa gi645320483

P. alcaligenes gi636558416
Enterobacter cloacae KX896752

E. cloacae gi645321653

E. xiangfangensis gi699005339

E. hormaechei gi343201428

E. 50li ATCC BAA-2102 gi645320312

0.963 E. asburiae gi219856821
H\”_—ngE. cancerogenus gi343206385
E. ludwigii gi343201623

Figure 2. Neighbor-joining phylogenetic tree showing the relationships among AFB1 biodegrading strains
based on partial 16S rRNA gene sequences (bold) Neighbor-joining distance tree was constructed with
bootstrap values (% of 1,000 replicates).

DISCUSSION

Five bacterial strains from soil were collected in
the Birjand plains that reduced AFB1 concentration
in the culture medium by 57%—-88% (102—160 ppb
from 180.4 ppb) over a 10-day period. These strains
were identified as B. pumilus, two isolates of O.
pseudogrigonens, P. aeruginosa, and E. cloacae,
which showed degradation activities of 88%, 78%,
61%, 58%, and 51%, respectively.

42

O. pseudogrigonens belongs to the Brucellaceae
family in the Rhizobiales order (Kampfer, Scholz
[32] isolated from the soil of wheat fields in France.
We report for the first time the isolation of this
species from a soil sample collected in Iran along
with its capacity for AFB1 degradation. Our study
also provides the first demonstration of AFBI
degradation by B. pumilus. Several species of the
genus Bacillus are known to degrade AFB1 or the
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structural analog cumarin; B. subtilis inhibited
growth or AF production in Aspergillus species. A
strain of B. subtilis was previously isolated in
Thailand that suppressed Aspergillus growth and
AF degradation capacity by up to 85% [10], while
another study reported other strain of the same
species that inhibited AFB1, M-1, and J-1
degradation capacity by 60%—-81% [33]. In Iran, a
strain of B. subtilis isolated from pistachio trees was
found to degrade > 90% of AF in liquid cultures at
temperatures of 35 °C—40 °C over a period of 5
days [11]. In fact, the genus Bacillus had one of the
highest capacities for degradation of chemical
compounds, accomplished by production of
extracellular enzymes [4]. Additionally, Bacillus
species show a high degree of tolerance to adverse
environmental conditions, especially in the desert
where the temperatures and humidity cover broad
ranges, suggesting greater ability to control plant
pathogenic fungi and reduce AF contamination.

P. aeruginosa was also identified as an AFBI1-
degrading bacterium. This species is found in soil
and plant tissues or within the gastrointestinal tract
of animals and can protect against certain plant
diseases such as damping off. Only one previous
report has described AFBi, AFB> and AFM;
degradation by this species isolated from corn by
82.8%, 46.8% and 31.9% after incubation in
Nutrient Broth (NB) medium at 37 °C for 72 h,
respectively [34]. We report here for the first time
that E. cloacae can degrade AFBI; this species is
found in soil and plant tissues and has pathogenic
potential in humans [35].

CONCLUSION

We identified five species of bacteria that have
potent AFBI1-degrading activity. Although the
precise mechanism remains to be determined, these
findings provide a basis for the development of
strategies that exploit these organisms for AFBI1
decontamination.
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