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Rapid characterization of potential
ochratoxin-producing fungi isolated from
grapes and study of natamycin efficacy
for its control®

A MeEDIna®, N. Macan?®, F. MaTeg', F.M. VaLLE-ALaarRA:, R. MaTeQ?,
M. JiMENEZY
L Departaments de Microbiologla v Eooloaia, Universitat de Valéencia. Dr, Maliner 50,
45100-Burjasset, Valencia, Spain.
2 Applied Mycology Group, IBST, Cranfield University, Silsoe, MK45 4DT, LK
3 Departamento de Quimica Analitice, Universitat de Valéncia. Dr, Moliner 50,
45100-Burjassot, Valenda, Spain.
* Phone: 9563543144; Email; Misericordia, Jimensez@uy, es

Key Worps: oesnolagy, grape, fungy characterisztion, A, carbonarius, A: tubingensis, A
siiger, nalarmycin, OTA aroduction.

ABSTRACT

Fungal flora on ripe grape and fungi characterization are very critical for
assessing the risk of OTA presence in wine, a mycotoxin classified as possible
carcinogen to humans.

In the present work, the PCR-RFLP technique has been applied to the ITS1-
5.B5-ITS2 region of the rDNA to carry out the characterization of potential OTA
producing species of Aspergillus section Nigri fraom different grape varieties grown
In Spain. The toxin production levels of the different isolates have also been
analysed and the ability of natamycin, a fungicide, to control fungal development
and OTA production in vitro has been studied, as well as the interaction with
environmental factors [water activity, temperature).

The results obtained from [n vitro cultures of 205 Isolates of species in
Aspergiffus section Nigri showed that 74.2 % of 4. carbonarius isolates and 14.3 %%
of A, tubingensis isolates were capable of producing OTA at different levels., Mo
isolate of A. niger showed OTA producing capacity under the experimental
conditions. A. carbonarius was the most frequently isolated ochratoxigenic species.

The effect of natamycin against isolates of A, carbonarius has been studied
according to different level, water activity and temperature, It can be seen that the
efficacy of very low concentrations of this fungicide on fungal growth depends on
water activity and temperature. (Bulletin de I'DTW, 2006, vol. 75, n® 209-310, pp. 549-
E61)

1 A paper from the XXIXth World Congress of Vine and Wine, 0LV, Logrofio {Spain), 25-30
june 2004,
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1. INTRODUCTION
ochratoxin A {OTA) was discovered in 1965 as a secondary metabolite
of a strain of Aspergillus ochreceus (Van der Merwe &b al.,, 1965), OTA
exhibits intestinal fragility, nephrotoxicity, immunosuppresion,

theratogenicty, carcinogenicity (1ECFA, 1956; Bondy and Armstrong, 1928;
birhe mer, 1998), cytotoxicity in hepatic cell lines (Bondy and Armstrong,
1905), and alsa Induces iron deficiency anemia (Huff et al,, 1979), OTA could
he responsible for Balkan endemic nephropathy (BEN), observed in Balkanic
countries. The International Agency for Research on Cancer (IARC) classifies
aTA In aroup 2B (possible carcinogen to humans) (IARC, 1993).

Fungi from two other genera are known to produce ochratoxins. In
genus Penicilllum, OTA is produced by P, verrucosum (Pltt, 19B87) and in
genus aspergillus, by A, ochraceus, A. melleus, A, aurlcomus, A, a_stranus, A
petrakil, A, sclerotiorum, and A. sulfureus, all in section Circumdati (formerly
the A. ochraceus group) (Hesseltine et al,, 1972; Abarca et al,, Zﬁ(}%;
Bayman =t 2l,, 2002). A. alliaceus and A. albertensis, formerly placed in
cection Clrcumdati, but recently shown to be more closely related to section
Fiavi, heve also been described as producers of OTA (Peterson, 2000). In
recent years, some members of Aspergillus section Migri (formerly A. niger
group) such as A. niger var. niger and A. carbonarius have been reported &s
ochratoxigenic fungl (Abarca et al., 1994; Heenan et al.,, 1998) and mors
recently, the ability of the uniseriate species of black aspergilli A. japonicus
to produce OTA has been mentioned (Battilani et al,, 2003). In A. niger
aggregate It has always been difficult to distinguish one taxa from another by
morphological means because the differences are very subtle. The division of
this A. niger aggregate into two species, namely A, niger and A, tubingensis,
according Lo RFLP analysis of total DMA was proposed by Kuster van
Someren et al (1991), Studies involving @ molecular approach followed and
substantially confirmed these results (Logrieco et al,, 2002). Although the
ability of A, niger to produce OTA has been described (Abarca et al., 1994),

“?E ;Eﬁn‘flﬂs 4. tubingensis has not been reported as OTA producer (Abarca et
al., 2004),
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Ochratoxin A has been detected In human blood (Burdaspal and
Legarda, 1998) and food and drinks such as cereals (mainly wheat, bariey,
corn and oats), seeds, beans, pulses, peanuts, dried fruits, coffee, milk, beer
and, in recent years, in wine (Otteneder and Majerus, 2000; Lopez de Cerain
et al.,, 2002), Due to the presence of OTA in food and drinks typical in the
human diet, the study of OTA has become increasingly important. The Joint
FAO/WHO Expert Committee on Food Additives has discussed the imposition
of a maximum tolerable weekly intake of 100 ng of toxin/kg body weight,
and & maximum level of 5-20 pg OTA/kg In cereals, both processed and non-
processed, The OIV fixed 3 ng/kg as a maximum level of OTA in wine (OIV,
2002).

Wine is a product of great economic relevance around the world,
especlally in producing countries. Recently, it has been shown that OTA Is
stable in wine for at least one year (Lopez de Cerain et al., 2002).

Fungal flora on ripe grape is very critical for assessing the risk of OTA
presence in wine. Therefore, some researchers have recently studied grape
mycobiota in different countries (Abrunhosa et al., 2001; Cabafies et al.,
2002), but no attention has been paid to the study of ochratoxigenic fungi
co-occurrence in different grape varieties.

Natamycin (pimaricin) is a Ffungicide produced by Streptomyces
natalensis, which is commonly used in dairy-based food products for
controlling spoilage by moulds, especially in cheese (De Ruig and Von der
Berg, 1985). Studies by Basilico et al. (2001) have shown that natamycin at
2% (v/v) and the parabens (0.5% w/v) effectively controlled thread mould
growth in vacuum-packed hard cheeses. It has a broad spectrum of activity
against spoilage moulds and is considered to be @ very stable product with
efficacy against A. flavus and aflatoxin production (Rusul and Marth, 1988),
although the interaction with different environmental factors has not been
studied In detail. However, detailed studies of Interaction with environmental
factors and efficacy on mycotoxigenic species have not been examined.

In the present work, we have applied the PCR-RFLP technigue to the
ITS1-5.85-ITS2 region of the rDNA to carry out the characterization of
potential OTA producing species of Aspergilius section MNigri from differant
grape varieties grown in Spain. We have also analysed the toxin production
levels of the different isolates and studied the ability of natamycin to control
fungal development and OTA production in vitro.
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2, MATERIALS AND METHODS

2.1. Fungal isolation and identification

grapes and 8 white grapes)
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les (Vitis vinifera) were analyzed. .
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Table 1. Charactenstics of the grape s=mples used intha yludy.
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A. carbonarius was identified through microscopic observation, and
Aspergiliis nfger aggregate (A. niger and 4, carbonarius) was Identified on
the basis of the determination of restriction patterns of PCR-amplified rDNA
products. Fungal DNA was isolated according to the method described by Lee
and Taylor (33). An ITS1-5.85-1Ts2 rDNA gene was amplified by PCR, Twa
oligonucleotide fungal primers described by White et al. {1990) were used for
amplification (ITS1: &5 -TCCGTAGGTGAACCTGCGG-3' and ITS2: 5'-
TCCTCCGCTTATTGATATGC-3"), Amplified random products were digested
overnight at 379C with restriction endonuclease Rsa 1 (Boehringer
Mannheim). PCR products and restricion fragments were separated by
electrophoresis in 1% and 2% agarose gels, respectively, with 0.5 x TBE
buffer. After electrophoresis, gels were stained with ethidium bromide (0.5
pg/mi), and the DNA bands were visualized with UV transilluminator. DNA
sizes were estimated by comparison with a DNA length standard (100 bp
molecular marker, Gibco BRL Life Technologles Inc., Rockville, Md,, USA).
The restriction patterns obtained for the different isolates from grepe
samples were compared with those obtained in the same conditions from two
strains (4. miger No 2807 and A, tubingensis No 20393 held at the Spanish
Collection of Type Cultures [(CECT, Valencia Unijversity, Burjassot, Valencia,
Spain).

LC-ion trap-mass spectrometry was used to unambiguously canfirm the
presence of OTA in cultures. The analysis was carried out on an Agilent 1100
liguid chromatograph (Agilent Technologies, Waldbronn, Germany), equipped
with a Zorbax SB-C18 column (150 x 4.6 mm, 5 ym particle size) (Agilent
Technologies} and coupled to a Bruker Esquire 3000 Plus fon trap mass
spectrometer (Bruker Instruments, Billerica, Ma., USA). The mobile phase
was programmed following a linear gradient at & flow-rate of 0.5 ml/min.
Solvent A was water with 0.05% trifluoroacetic acid, solvent B was methanol
with 0.05% tifluoroacetic acid. The gradient program was as follows: 0 min,
40% B; 1.5 min, 40% B; 15 min, 100% B. The lonization method was
electrospray lonization (ESI) In positive mode by using the following
icnization source parameters: Nz nebullzer gas at 50 psi, dry gas at 10 |/min,
dry temperature at 220.C, and capillary voltage at 3 kV. Confirmation by M5
was based on the protonated molecule [M+H]- and the most abundant
product ien [{M+H)+ - HCDOH] whose m/z ratios are 404 and 358,
respectively.,
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2.2, Study of natamycin efect

Once the first study was concluded, four isolates of A4 r_‘arbﬂnarﬂ,lrs
izpiated from wine grapes were selected to study the capadity af natamycin
to cantrol both fungal growth and OTA production in vitro, Only two of theanu
ware OThA-producers. The formulation used in these studies was Delvocid
(50% a.l.).

A freshly prepared red grape extract from organic table grapes, which
was modified with glycerol to the reqguired aw levels (0.98, 0,96, 0.94}, was
used. The temperatures of incubation were 15, 20 and 25:C based on the
information available indicating that optimum temperature conditions for
OTA praduction are 15-20.C while those for growth are about 3!:!—3_5:.:‘:
{Mitchel et al,, 2004). Mycelial extension rates were measured aver pern:lhds
of 12 days and the linear regression of the linear parts of the radial extension
ratos was used to determine the growth rates (mm/day).

2.3. OTA extraction and analysis

Twenty grams of gach fungal culture {agar + fungal biomass) was cut
inta small pieces and extracted with 50 ml methanel {Sigma, UK) by shaking
at 110 rpm for 1 hir at 25:-C in the dark. The extracts were cleaned up by
filtration through filter paper (Whatman No. 4) containing 5-10 g af Celite
545 (Aldrich Chemical Co., UK). Cne ml of each filtrated exiract was
removed and centrifuged at 1100 rpm for 15 min for final purification. T!"IE
supernatant of each sample was removed and placed in LC amber vial for
analyse,

The LC system used consisted of a Millipore Waters 600E sysiem
controller; a Millipore 712 WISP autosampler and a Millipore Waters 4.?0
scanning fluorescence detector {Millipore Corporation Ma,, USA)(excitation
and emission wavelengths were 330 and 460 nm, respectively). The samples
were separated using a Cis Luna Spherisorb ODS2 column {150 x 4.6mm,
Sum) (Phenomenex, Macclesfield, UK), with a guard column of the same
material, Run time for samples was 12 min with OTA being detected at about
5,75 min. The flow rate of the mobile phase (acetonitrile-water-acetic acid;
57:41:2 viv/v) was 1 ml/min, Standards used were in the 50-1200 ng/ml
range. The recovery rate was 58% from the agar-based medium with a [imit
of detection of <0.01 pg OTAfg medium, based on a signal-to-noise ratio of
3:1. Analysis of the results was carried out on a computer with Kroma
systerms 2000 software {Bio-Tek Instruments, Milzn, Italy).

S
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3. RESULTS

Eight fungzl genera were mainly izolated from the grape samples
CAspergilivs, Alternaria, Acremanium, Penicillium, Cladosporiom, Fusarium,
Rhizopus, and Fhomas).

When considering the 4. figer aggregate (4. niger and 4. tubingensis)
and 4. carbonarius, the ANOVA shows that there are significant differences
{p-value = 0.000) in contamination levels ameng the different grape
varieties, The most contaminated grape varieties by Aspergillus section Niged
were Monastrell, Moscatel and Bobal, where A. carbonarius average
contamination levels were 400, 227, and 165 CFU/ml, respectively. The CFUs
of A. carbonarius/ml in Garnacha and Tempranillo varieties were significantly
lower (71 and 32, respectively). Species of the A. niger agoregate were
isclated less often, Due to morphalogical similarity within isolates in A. niger
aggregate, identification of Isolates in this group was based on PCR
amplification of 5.85 rDM& and [t two intergenic spacers ITS1 and ITS2,
fallowed by the subsequenlt digestion of PCR products with restriction
endonutlease Rsa I The ITS1-5.85-ITS2 region was amplified from all 85
isolates of the Asperoilius niger aogregate. Product size was agbout 600 bp
{596-600 bp). The restriction patterns obtained from this amplified region
with enzyme Rsa I were compared with thase from the strains 4. fubingsnsis
CECT 20393 and A, niger CECT 2807 supplied by the CECT, Figure 1 shows
the results obtained for four isolates of A, tubingensis. and one isolate of A
niger. OTA was detected in cultures of 4, tubingensis,

As can be seen, enzyme Rsa [ does not cut the PCR product. This
result was the same for all A, tubingensis isolates (T-pattern) regardless of
their capacity for producing OTA. Twa fragments of 323 and 75 bp (N-
pattern) were obitzined from all 4. niger isolates in the same conditions. The
PCR-RFLPs for 4, nigerisolate Bob2 from the Bobal grape variety can be seen
in Figure 1. Mo isolate displaying the N-pattern was OTA producer. As can be
observed, the T- and MN-patterns of isolates of Aspergifius niger agaregate
from grapes were identical to the patierns obtained from strains 4.
tuhingensis CECT 20393 and 4. niger CECT 2807, respectively.
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Figure 1. PCR products digested by Bsz I and separated on & 2% pgaross gal

L, 3 I 5 & T K 4

Lanas 1 and 9 are the 100 bp DMAladder (Gibco BRL) used as sice markers. Lung 2 Tpattem: strain of
A jnhinepensts CECT 20393, Lane 3 Mpattern: ste=in of A niger CECT 2807, Lanes 4, 5, 7 and B shows
diffeonl lvolales of A uingensis Lang & shows an A, miger salate.

Qf an overall 205 Aspergillus section Aigri isolates that were tested for
OTA production using yeast extract-sucrose broth (YES; 2% yeast extract,
15% sucrose) supplemented with 5% bee pollen to increase OTA production,
92 of them were able to produce this toxin. Eighty-nine of these isolates
were classified as A. carbonarius while the remaining 3 were classified as A
tubingensis. OTA was not detected in A. miger cultures (Tabie 2).
lahie 2. OTA praduction chpacity of Aspargilivs saction Mg isoiates frem grapes grown in Spain when
cuttured [ yeast extract sutrose (YES) Droth supplemented with 5% hes pallen. Culrure conditions: 28

days al 252C i Lhic dark.
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Analysis by LC-ion trap-MS-MS of the extracts confirmed the identity of
DTA in cultures, The peaks produced by the [M+H]- lon {m/z 404) and the
[(M+H)- - HCOOH] Ion {m/fz 358) were observed in the mass spectra of the
OTA standard and the cultures where OTA was previously detected by LC-
fluorescence detection.

5

(2006, 909-910) FUNGY CHARACTERISATION 657

Evaluation of natamycin for controlling fungal growth and OTA
production

Initial studies were carried out on malt extract agar and grape julce-
base medium at 25.C and approx. 0.99 a«. On the former medium no growth
occurred at >0.5 pg natemycin/ml while on grape-juice based medium ng
growth occurred st =0.25 yg natamycin/ml, Thus, detailed studies were
subsequently carried out aver a narrow range of concentrations of natamycein
to examine efficacy an growth and OTA production,

Figure 2 shows an example of the linear regression of the temporal
mycelial extension in relation to different natamyein and water avallability
conditions for a strain. At 20 ng/ml, the mycelial growth of a straln of 4.
carbonarius was inhibited.

The efficacy was influenced by aw and temperature. There were some
differences between the efficacy with regard to the strains. Growth was
sometimes faster at low aw and very low concentrations of natamycin (1-5
ng/mi), especizlly at 20-25°C. Growth was inhibited most effectively at 159C
over the whole a« renge tested.

Figure 2. Effec of natamycn {20 no/md) on mycelisl rodial extension of 4. corbonanos on 2 red grape

Jite cxtroc medium 20 ot o levals and 259C, Bary indicate stendard ermors of means.
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Figure 3 shows the effect of natamycin level, aw and temperal:urelun
the growth rate of A. carbofiarius: It can be seen that the efficacy of very m;
concentrations of this fungicide on fungal growth depends On @w @
remperatura, |

The results obtained with the OTA-producing 5tra!n5Ishuwed tha1r:
natarmycin at 5-10 ng/ml inhibited growth of A. carbonanius _m cultures at
[1.98-0.94 aw and 259C. However, at 200, E_!TP. productn_crn Was l;ntlv
si-gniﬁcantlv inhinited using 10 ng/ml. At least this concentration 3“3?4 _e
added to the medium to ensure the abzence of OTA at .96 an ; aw
{Data not shown).

[¥id el § = i ddlum ac
Eigure 3. Effect of nabamycin an growth rate of A rarbonarive on a rod grape Jilce extract med
L 15-254C and [.98-0,95 3w,

Growil rato jrarilayh
i

& 1 I 1% =

Hataanycin fnglinly

(2008, 909-910) FLmMEY CHARACTERISATION 652

4. CONCLUSIONS

Before this report, A tubingensis had not been found to be able to
produce OTA. However, in this work, three OTA-producing isolates (two from
the Bobal grape variety, and one from the Maonastrell) wers found.

The results obtained from in vitro cultures of 205 isolates of species in
Asperglilus section Nigri showed that 74.2 % of A, carbonarius isolates and
14.3 % of A fubingensis isolates were capable of producing OTA at levels
ranging fram 1.2 to 3531 ng/ml, and from 46.4 to 111.5 ng/ml, respectively,
Mo isalate of A. miger showed OTA producing capacity under the experimental

conditions. A, carbonarivs was the most freguently isolated achratoxigenic
species.

MNatamycin is wvery effective against isolates of A, carbonarius.
Generally, 20-25 ng/ml completely inhibited the growth of the isolates
examined, regardless of environmental conditions. Howewver, the efficacy of
very low concentrations on growth and OTA control depended on both aw and
temperature, At 259C growth inhibition was effective at 5-10 ng/ml and
0.98-0.94 zw. At 209C, OTA production was only significantly inhibited by 10
ng/ml at 0,56 and 0.94 a..
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