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Abstract

A mixed microbial culture degrading fumonisin B l was obtained from soil samples using an enrichment
culture procedure. A bacterial isolate from the enrichment culture (strain NCB 1492) degraded fumonisin
B1 after incubation for 3 h, as indicated by TLC and HPLC analysis. On the basis of the sequence analysis
of 16S rDNA, strain NCB 1492 was related to the Delftia/Comamonas group. Thin-layer chromatographic
analysis indicated the presence of metabolites in the NCB 1492 culture filtrates after degradation of
fumonisin B1 supplied as sole carbon and nitrogen source in phosphate buffer. Four metabolites were
identified by mass spectrometry analysis.

Introduction

Fumonisins are secondary metabolites produced
by Fusarium spp. on naturally infected maize.
Their toxic nature is of great concern for food
safety, as fumonisins have been associated with
human and animal diseases (Nelson et al. 1993).
According to the U.S. Food and Drug Admin-
istration (2001) recommendations, to avoid pos-
sible health risks, maize should not be used for
human consumption when contaminated with
more than 2–4 ppm (depending on the food)
fumonisins or for animal consumption when it
contains more than 5–60 ppm (depending on the
animal species).

Fumonisin B1 (FB1, Figure 1), the major
compound of this class of mycotoxins, was
characterized from cultures of Fusarium verticil-
lioides (Gelderblom et al. 1988) and has since
then been found to be a common contaminant
of maize. FB1 is toxic to most domestic animals
and epidemiological studies (IARC 1993) dem-
onstrated that human exposure to fumonisins
caused oesophageal cancer. Unfortunately, fu-
monisins are highly stable molecules and their

detoxification by physical methods requires high
pressures and temperatures, and is therefore
poorly suitable for industrial processing. Trade
and economical problems associated with con-
taminated foods and feeds, make these myco-
toxins worthy targets for strategies aimed at
detoxification in planta (Duvick 2001) or alter-
native strategies. Since it has been reported that
fumonisins are resistant to the activity of known
esterases and amine modifying enzymes (Murphy
et al. 1996), for their biodegradation new en-
zymes and genes must be found.

In a screening program to identify fumonisin
detoxifying microbes, a fungal strain was identified
that performed an oxidative deamination of AP1,
a derivative of FB1 obtained by chemical hydro-
lysis (Blackwell et al. 1999). The same research
group also studied an FB1 esterase activity and
further degradative steps but, to our knowledge,
this was only reported in the description of a
patent issued to Pioneer Hi-Bred International Inc.
(Duvick et al. 1998). More recently, the isolation
of two Bacillus spp. strain and a yeast able to
partially degrade fumonisin was also reported
(Camilo et al. 2000).

Biodegradation (2006) 17: 31–38 � Springer 2006
DOI: 10.1007/s10532-005-2797-y



We obtained a mixed microbial culture able to
metabolize the fumonisin B l from soil samples
using an enrichment culture procedure. The initial
characterization of the degradation process and of
the isolated bacterial strain responsible is reported
here.

Materials and methods

Enrichment from environmental samples

An enrichment culture procedure similar to that of
Shima et al. (1997) was used. Twenty-one soil
samples were collected during spring in maize
fields in Friuli Venezia Giulia, Italy. The BYE
medium (Shima et al. 1997) was used for culture
enrichment. It contained (per liter) 0.5 g of
NH4NO3, 0.2 g of yeast extract (Difco), 50 mg
of H3BO4, 40 mg of MnSO4 Æ 4H2O, 20 mg of
(NH4)6Mo7O24, 4 mg of CuSO4 Æ 5H2O, 4 mg of
CoCl6z Æ 6H2O and 5 mM potassium phosphate
buffer (pH 7.0). Soil samples (1 g) were suspended
in distilled water (10 ml), shaken and allowed to
settle. After 15 min, 5 ml of each supernatant were
pooled. An aliquot of the pooled supernatant
(0.1 ml) was used to inoculate 1 ml of BYE med-
ium (culture N1) supplemented with 0.5 mg/ml of
FB1 (Sigma). The residual pooled supernatant was
centrifuged at 10,000 rpm for 10 min, the pellet
was resuspended in 1 ml phosphate buffer, and
100 ll of the suspension were added to BYE
medium with 0.5 mg/ml of FB1 (culture N2). The
cultures were incubated at 25 �C for 8 days with
shaking. Aliquots were then transferred to fresh

BYE medium supplemented with 0.5 mg/ml of
FB1, and incubated for an additional 8 days. This
step was repeated 5-times. The presence of FB1 in
the culture media was monitored directly by TLC,
as detailed below.

Isolation of FB1 degrading organisms

The cultures obtained following enrichment were
treated with antibiotics to reduce the diversity of
the microbial population without affecting the
ability of the consortium to degrade FB1. The
antibiotics used in BYE medium were: rifampicin
(150 lg/ll), chloramphenicol (10 lg/ll), ampicillin
(100 lg/ll). The degradation was monitored with
TLC. Following the antibiotic treatment aliquots
(0.1 ml) of cultures were plated onto different
media: nutrient agar (Difco), nutrient agar with
10 g/l of sucrose, nutrient agar with 10 g/l of skim
milk, peptone yeast extract iron agar and BYE
medium agar. Plates were incubated at 25 �C for
3 days. Individual colonies were then isolated,
tested for their degradation activity and stored at
)80 �C after suspension in BYE with 15% (wt/vol)
glycerol. Selected strains were deposited in the
National Collection of Bacteria, Udine, Italy
(NCB).

Analysis of FB1 degradation

The degradation of FB1 was assayed using thin
layer chromatography (TLC) and high perfor-
mance liquid chromatography (HPLC). BYE
medium as well as phosphate buffer (PBS), sup-
plemented with 0.5 mg/ml of FB1, were

Figure 1. Structure of fumonisin B1.
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inoculated in order to obtain an optical density of
0.3 at 600 nm, then incubated in the dark for 0.5–
24 h at 25 �C. TLC was carried out on silica gel
60 plates (Sigma), using a mixture of acetonitrile/
water (85:15) as the mobile phase. Ten ll of
cultures in BYE medium or phosphate buffer
were loaded and run for 45 min, together with
control samples; the TLC plate was then dried,
sprayed with ninhydrin and baked at 120 �C for
15 min.

The HPLC system (Varian Analytical Instru-
ments) was equipped with a sampling system
(loop volume 20 ll), and a Prostar 363 fluores-
cence detector set at 335 nm excitation – 440 nm
detection. A C18 column (5 lm particle size) was
used at room temperature with methanol: water
(50:50) as the mobile phase at 1 ml/min flow rate.
Standard and samples were derivatized with o-
phthaldialdehyde/2-mercaptoethanol, according
to the FumoniTest kit (VICAM), before injec-
tion. Standard solutions containing 125 ng/ll,
12.5 ng/ll and 1.25 ng/ll of FB1 were included in
all analyses.

A gas chromatography–mass spectrometry
analysis (GC–MS) system (Saturn 2000, Varian
Analytical Instruments) was used to identify vol-
atile compounds generated by the bacterial culture
in PBS buffer with 0.5 mg/ml of FB1 and a bac-
terial culture with PBS buffer only was used as a
control. The supernatant from the cultures was
reduced to dryness under nitrogen, redissolved in
methanol and injected at 300 �C into a CP-SIL 8
(30 m · 0.25 mm ID) column; the column was
maintained at 40 �C for 1 min and then driven at
320 �C at 10 �C/min. The carrier gas was helium
(flow: 1 ml/min).

Identification of volatile compounds released
by the bacterial culture was based on the com-
parison of the mass spectra and the retention time
with that of authentic compounds analyzed under
the same chromatographic conditions; if an
authentic sample was not available the mass
spectrum of the unknown was compared to refer-
ence spectra from libraries (Nist Chemistry Web-
Book 2003); in this case the chromatographic
retention index of the compound tentatively
identified on the ground of the mass spectrum was
compared to that expected according to tentative
structure (Sadtler Research Laboratories 1985).
No attempts to ascertain the identity of possible
isomers were made.

Taxonomic characterization of bacterial isolate

DNA was extracted from strain bacterial cultures
according to Strauss (1987), and subjected to
amplification by PCR with primers fD1/rP1
according to Weisburg et al. (1989). The amplified
16S rDNA was sequenced with primers fD1 and
rP1. The sequence obtained was used to probe
public databases using the programs WU-BLAST
(Altschul et al. 1997) and SEQUENCE MATCH
(available at the web site of the Ribosomal Data-
base Project; Cole et al. 2003).

Transposon mutagenesis

To identify the gene(s) involved in the degradation
of FB1 by strain NCB 1492, transposon muta-
genesis was carried out as described for the related
bacterium Delftia acidovorans (Wilson et al. 1995).
E. coli S17–1kpyr (Vinci-Biochem) cells were
transformed with the DNA of pSS240, a suicide
plasmid containing the mini transposon
Tn5SsgusA40 (Wilson et al. 1995), kindly supplied
by Dr. J. Imperial (Universidad Politecnica, Ma-
drid, Spain). Transformants were selected on
substrate containing ampicillin. Conjugation was
carried out with E. coli S17–1kpyr (pSS240) as
donor and NCB 1492 as recipient. Numerous
growth tests were carried out to identify a selective
medium for the bacterium NCB 1492. Finally, a
medium was found that allowed the growth of
NCB 1492 but not of E. coli S17–1kpyr. It was
based on minimal medium (Maniatis et al. 1982)
supplemented with tryptophan (0.25 mM), benzyl
alcohol (1.5 mM), benzoate (5 mM), p-hydrox-
ybenzoate (1 mM), succinate (10 mM), glucose
(0.2%). Spectinomycin (100 lg/ml) was added for
the selection of transconjugants.

Results

Enrichment for degradation of FB1 and isolation
of NCB 1492

With the enrichment culture procedure used, an
initially small population of FB1-transforming
microorganisms was increased. In both (N1 and
N2) enrichment cultures the complete disappear-
ance of FB1 in the culture filtrate was recorded by
TLC after 4 repeated growth cycles (42 days), as
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shown in Figure 3. Fumonisin was detected in
TLC as a pink fuzzy spot with Rf=0.12, while the
degraded sample showed a very faint spot with
Rf=0.05 (Figure 2).

Three antibiotics were tested to reduce the
diversity of the microbial community. Of these,
only ampicillin reduced the population diversity
without affecting its ability to degrade fumonisin
B1 (not shown). To isolate individual bacteria
from the community, the culture was plated on
different media. Approximately 30 organisms
could be separated on the basis of differences in
colony and cell morphology. Of these 30 organ-
isms, only one (designated NCB 1492) could
completely break down FB 1 after 1 day of incu-
bation at 25 �C (Figure 3).

Taxonomic characterization of NCB 1492

Strain NCB 1492 was a Gram negative rod. After
PCR amplification of its 16S rDNA (Weisburg
et al. 1991), a single fragment of 1500 bp was
obtained and partially sequenced to the extent of a
total of 1024 nt. According to WU-BLAST anal-
ysis, the resulting sequence was similar to the 16S
rDNA sequence of bacteria belonging to the
Delftia/Comamonas group, although none was
more than 96% identical to that of NCB 1492. The
sequence data were also submitted to the SE-
QUENCE MATCH program; again the 16S
rDNA sequence of NCB 1492 resulted similar to
members of the Delftia/Comamonas group, but
with scores of 0.87 or lower. Therefore NCB1492
was tentatively assigned to the Delftia/Comamonas
group, but could not be identified at the species

level, representing possibly a new taxon within this
clade.

Analysis of the degradation of FB1 by NCB 1492
in phosphate buffer

Strain NCB 1492 degrades FB1, as detected by
TLC and HPLC, when grown in phosphate buffer
saline (PBS) supplemented with 0.5 mg/ml of FB1
as sole carbon source. TLC analysis showed that
after 24 h the FB1 spot was no longer detectable,
but a new, relatively intense spot appeared with Rf

larger than that of FB1 (Figure 4). The time
course of the degradation of the fumonisin B1 by
NCB 1492 in phosphate buffer saline (PBS) sup-
plemented with 0.5 mg/ml of FB1 as sole carbon
source was also followed by HPLC. After just
30 min of incubation at 25 �C the fluorescence
peak at 6.5 min, corresponding to FB1, could no
longer be detected and a new peak appeared at
2.5 min. After 1 h a fluorescence peak was de-
tected at 4.5 min. The latter peak lowered follow-
ing 2 h incubation and later no fluorescence peaks
were recorded (Figure 5).

Analysis by GC–MS of the culture supernatant
after 24 h of growth of NCB 1492 with 0.5 mg/ml
of FB1 revealed the presence of 4 compounds,
tentatively identified as heptadecanone (C17H34O),
isononadecene (C19H38), octadecenal (C18H34O)
and eicosane (C20H42) (Table 1, Figure 6).

Mutagenesis

From three conjugation experiments about 1000
transconjugants were obtained, and all were indi-
vidually assayed for their FB1 degradation ability
by TLC. No transconjugant was identified with a
reduced or no ability to degrade fumonisin B1.

Figure 2. TLC of the supernatant of cultures N1 (lanes 1 and

3) and N2 (lanes 2 and 4) incubated for 40 (lanes 1 and 2)

and 48 (lanes 3 and 4) days. FB1 (0.5 lg/ml) in water (lane 5)

and BYE medium (lane 6) were used as reference.

Figure 3. TLC of the supernatant of cultures of isolated bac-

terial strains. Lanes 1, 2, and 5: non-degrading bacterial iso-

lates; lane 3: strain NCB 1492; lane 4: enriched culture N1;

lane 6: FB1 (0.5 lg/ml) control in BYE medium.
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Discussion

Although fumonisins are a relatively novel class of
toxins, they have rapidly attracted both social and
scientific attention due to their high health risk po-
tential when consumed by humans and animals
(Nelson et al. 1993). In some regions, such as the
north-east Italy and other parts of the world, severe
fumonisin contamination is constantly recorded on
maize (Snidaro & Pavidotti 2002; Pietri et al. 2004).
In those areas, prevention strategies based on risk
models are not sufficient and the problem of the
decontamination of commodities needs to be faced.
Unfortunately, the drastic physical and/or chemical
means required may be detrimental for the treated
commodities. Consequently microbial degradation
is advantageous, as it could reduce the toxicity
without affecting food and feed quality.

For some mycotoxins, such as ochratoxin A
(Abrunhosa et al. 2002), degrading enzymes are
quite frequent in nature. Conversely, other myco-
toxins, such as deoxynivalenol and the fumonisins
are difficult substrates for biodegradation.
Recently Shima and co-workers (1997), isolated
from soil some bacteria, taxonomically related to
the Agrobacterium/Rhizobium clade, that detoxify
in vitro deoxynivalenol into 3-ketodeoxynivalenol.

In this work, we evaluated the potential of
microbial decontaminators present in soil where
maize has been grown in monoculture for several
years. In fact, we were able to isolate a bacterial
strain which efficiently degraded FB1. NCB 1492
breaks down native FB1 even if supplied as the
sole carbon source. The process appears to be
extracellular in the initial phase, as HPLC analysis
revealed the transformation of fumonisin in the
culture supernatant into other compounds during
the first 2 h of incubation. Later on, no com-
pounds that could be derivatized with o-phthaldi-
aldehyde/2-mercaptoethanol were detected in the
culture supernatant, suggesting that the modified
compound is either deaminated or taken up by the
bacteria. In the presence of only phosphate buffer
the subsequent enzymatic processes lead to the
accumulation of final products, four of which have
been tentatively identified as heptadecanone,
isononadecene (b), octadecenal and eicosane; none
of the above listed compounds was reported to
have toxic activity (Nagao 1983; Yamaguchi et al.
2000; Han & Chen 2002). On the basis of the
results, we speculate that NCB 1492 possesses fast
deamination (and possibly esterase) activities;
conversely, degradation of the aliphatic chain
(remaining after release of tricarbossilic acids) in
phosfate buffer appears to be slow, require core-
actants or the metabolic contribution of other
organisms for its completion.

Elimination of the amino group may result in
the production of a compound that reacts with
ninhydrin but not with o-phthaldialdehyde/2-
mercaptoethanol, or could not be detected under
the conditions used in this work for HPLC anal-
ysis. The enzymatic degradation of fumonisin was
found to be more extensive when carried out in a
complete medium rather than in phosphate buffer;
however, even in phosphate buffer the initial steps
are carried out very rapidly. Thus, our inability to
identify by transposon mutagenesis mutants
impaired in FB1 degradation may be explained by

Figure 4. TLC of the supernatant of NCB 1492 in PBS buffer

supplemented with fumonisin B1 (0.5 mg/ml) prior to and

after incubation at 25 �C for 24 h.
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the hypothesis that the enzymes involved in the
initial steps of this process are also involved in the
primary metabolism of the bacterium.

The close phylogenetic relationship between
this bacterium, Delftia acidovorans and other
organisms belonging to the Comamonadaceae,
wide spread in soil and water, confirms the ability
of this group of bacteria to degrade unusual
molecules, such as those of herbicides (Benndorf

& Babel 2002), the industrial polluting agent 1,3
dichloropropene (Katsivela et al. 1999), aniline
and derivatives (Boon et al. 2001) and aryl sul-
fonates (Junker & Cook 1997). In those exam-
ples, often one or more of the genes involved in
biodegradation are carried by plasmids. This does
not appear to be the case of NCB 1492, as no
plasmids could be detected in total DNA prepa-
rations.
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Figure 5. HPLC of supernatant of a culture of NCB 1492 in PBS buffer supplemented with fumonisin B1 (0.125 mg/ml) incubated

at 25 �C for 0 min (a), 30 min (b), 60 min (c), 120 min (d) and 180 min (e).

Table 1. Volatile compounds tentatively identified by GC–MS in the bacterial culture in PBS buffer with 0.5 mg/ml of FB1

Compounda Major fragments (m/z) Retention index Identity Formula Identificationb

A 41,43,57,71,141 1878 Heptadecanone C17H34O spec + ret ind

B 41,43,55,69,97 1919 isononadecene C19H38 spec + ret ind

C 41,43,67,81,83 1971 octadecenal C18H34O spec + ret ind

D 41,43,57,71,85 2000 eicosane C20H42 auth std

aCompound: letters are as in Figure 6.
bIdentification: ‘‘auth std’’ means that the spectrum and retention time of the unknown were compared to those of an authentic
standard injected under the same chromatographic conditions; ‘‘spec + ret ind’’ means that the identification is based on the com-
parison of the spectrum of the unknown to those from reference libraries and the retention index to that expected on the ground of the
tentative structure.
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