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ABSTRACT

Ochratoxin A is a mycotoxin produced by some fgpgries. Among themspergillus carbonarius considered a
powerful producer. Genes involved in the ochratokihiosynthesis pathway have been identified inespraducer
species. However, there are few studies that perposdentify these genes in A. carbonarius. Theafdnsertion
mutants to identify genes associated with certagperties has been increased in the literaturethis work, the
region of T-DNA integration was investigated in oAe carbonariusochratoxin-defective mutant previously
obtained by Agrobacterium tumefacienmediated transformation, in order to find an adation between
interrupted gene and the biosynthesis of ochratéxihe integration occurred in a gene that poss#éihcodes a
splicing coactivator protein. The analysis of thelative expression of the splicing coativator gdmam A.
carbonariuswild type strain in four different media showed thigprrelation between the transcript levels and the
ochratoxin A production.
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INTRODUCTION introduced maximum limits for OTA in dried vine

fruits (10 g kg") and wine (2ug kg"). OTA has
Ochratoxin A (OTA) is a toxin produced by somealso been found in market samples of roasted
fungal species, known to have nephrotoxic effectsoffee (Fujii et al., 2007). By the same token, the
and carcinogenic potential. This mycotoxin hassU (European Commission, 2005) established
been found in grapes and grape products such kit of OTA in roasted5 ug kg*) and solublg10
juice, wine, and dried vine fruit (Zimmerli and pg kg') coffees. The results of several years of
Dick, 1996; Macdonald et al., 1999; Majerus et al.investigation to recognize whose fungi were
2000; Da Rocha Rosa et al., 2002; Valero et alresponsible for the OTA production in coffee and
2005). Due to the potential for human and animagrapes showed théispergillus carbonariuss one
health hazard, the European Union (EU) has
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of the most important species (Taniwaki et al.a gene which was probably involved in the
2003). regulation of OTA biosynthesis.

OTA is a polyketide-derivedecondary metabolite

consisting of chlorinated isocoumarin derivative

linked to L-phenylalanine (Moss, 1996). MATERIALS AND METHODS

O’Callaghan and Dobson (2006a) reviewed the

biosynthesis of this mycotoxin and results suggesttrains

it is a process consisting of four main steps: (1Aspergillus carbonariusvild type (ITAL187) used
biosynthesis of the pentaketide 7-methyl-melleinn the present study was obtained from coffee
by a PKS (polyketide synthase); (2) oxidation bypbeans and kindly provided by Taniwaki et al.
cytochrome P450 to produce the intermediate 72003). The mutant T188 was obtained by using
carboxy-mellein; (3) chlorination, probably by aAgrobactriummediated transformation approach
chloroperoxidase producing 7-carboxy-5-chloro-by Lunardi et al. (2006). This mutant produces
mellein, and (4) the condensation of thissignificantly lower amounts of OTA than the wild
intermediary with phenylalanine by the OTAtype strain after growing for four days on YES
synthase, probably a non-ribosomal peptidenedium.

synthase. Some structural genes were already

identified as related to OTA biosynthesis iNnDNA and RNA extraction

Aspergillus ochraceusand Penicillium species Genomic DNA of A. carbonariusT188 mutant
(O'Callaghan et al., 2003; Geisen et al., 2004and wild type strain ITAL187 was extracted
Karolewiez and Geisen, 2005; Atoui et al., 2006according to Azevedo et al. (2000) and quantified
Bogs et al., 2006). More recently, a structuralegenpy a fluorimetric method (Dyna Quant,
(a pks gene) possibly involved in the OTA Phamarcia). Total RNA was extracted using Trizol
biosynthesis irA. carbonariuswvas reported (Gallo reagent (Invitrogen) following the manufacturer’s
et al., 2009). However, as far as we know, gendgastructions.

involved in the regulation of the structural

ochratoxin gene were not described until now foSouthern blot analysis

none of the ochratoxigenic species. DNA digestion was performed usii8st that cuts
The T-DNA insertional mutagenesis approach is ghe expression cassette once, outside ofhipte
powerful tool for detecting genes involved in agene. Standard procedures described in Sambrook
particular function. This strategy is based on theand Russell (2001) was used for restriction
capability of Agrobacterium tumefaciensto endonuclease digestion, agarose-electrophoresis,
transform host genomes by transferring its T-DNAand  transference onto nylon membranes.
to the host nuclei. The exogenous sequence is abd@proximately 5 pg of digested genomic DNA
to insert itself at random within chromosomeswere submitted to electrophoresis in each track. As
(Azpiroz-Leehan and Feldmann, 1997), and probe, a fragment of thgh gene (0.6 kb) was
therefore can be used as a mutagen to create logsed. This fragment was obtained by PCR using
of-function mutations in several organisms. The Tthe primer pair hph1 (5-
DNA not only disrupts the gene where it iISTTCGATGTAGGAGGGCGTGGAT) and hph2
inserted, but also acts as a marker for subsequen{t’-CGCGTCTGCTGCTCCATACAAG). DNA
identifying the mutation. This approach has beeprobe labeling and hybridization were performed
used for cloning genes, promoters, and regulatorysing a digoxigenin (DIG) hybridization system
sequences (Radhamony et al., 2005). Bundock ¢Roche) according to the manufacturer's
al. (1995) firstly described the protocols for therecommendations.

transference of T-DNA into fungi cells. Only

recently, the Agrobacteriummediated |dentification of DNA sequences flanking T-
transformation (AMT) protocol was adapted tODNA insertions

transformA. carbonariusand used for generating The T-DNA flanking region was extended by
insertional mutants (Morioka et al., 2006; Lunardiusing an adaptation of the PCR-walking
et al., 2006). methodology as described by Cottage et al. (2001).
In this contribution, we verified the integratioh o Following the manufacturer's instructions,
T-DNA in one A. carbonarius ochratoxin- genomic DNA (100 ng) was partially digested for
defective mutant obtained by AMT, and identified3 h at 37°C with 5 USsp, a blunt-cutting
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restriction enzyme (New England Biolabs) in awas used to amplify DNA from the T188 mutant
final volume of 25uL. Adapters were prepared by and the wild type strain ITAL187. The PCR was
mixing equimolar amounts of the oligonucleotidesperformed in a total volume of 1QQ. containing
5-ACTCGATTCTCAACCCGAAAGTATAGAT DNA 5 ng, 1.5 mM MgC, 0.2 mM dNTP, PCR
CCCA and 5-TGGGATCTATACTT (with 3' buffer 1x (Invitrogen), 0.5uM primer, 1 U Taq
amino group), which were ligated to the blunt-DNA polymerase (Invitrogen). The amplification
ended fragments for 3 h at 17°C. The reaction wagonditions used were 5 min 94°C, 30 cycles (45 s
performed by adding an equal volume of a ligatior94°C, 1 min 62°C, 1 min and 15 s 72°C) and 5 min
solution i.e. 30 mM Tris-HCI (pH 7.5), 10 mM 72°C. An aliquot of PCR products was separated
MgCl,, 10 mM DTT, 1.0 mM ATP, 1uM Dby electrophoresis in 0.8% agarose gels and
adapters, and 1.2 units of T4 DNA ligase (Newvisualized by ethidium bromide staining. The
England Biolabs). The resulting products wergemaining reaction mixture was purified and
diluted with ultra pure water and used as templatestbmitted to sequencing on MegaBace 1000 as
in the amplification reaction. A primer specific to described above.

the adaptor (5'-

ACTCGATTCTCAACCCGAAAG) and nested Kinetic study of ochratoxin A production

primers specific to T-DNA (RB1, RB2, RB3 or For a kinetic study of the OTA production by the
LB1, LB2, LB3) (Combier et al., 2003) were usedITAL 187 strain, conidia were inoculated at a
to amplify the flanking region. The adapterdensity of 16 mL™ into 500-mL flasks containing
sequence does not contain a primer-binding sitd00 mL of permissive liquid medium (CY). The
which is created only by the PCR extension fronilasks were incubated in the dark at 25°C for up to
the walking-primer (Fig. 1). In order to obtain 10 days. After 2, 4, 6, 8, and 10 days, the OTA
greater specificity, PCR products were submittegontent in culture broths was measured by high
to two semi-nested-PCRs using internal primerperformance liquid chromatography (HPLC). OTA
i.e. RB2 and RB3 or LB2 and LB3 combined withextraction and purification was done according to
the primer specific to the adapter. The final PCROCHRAPREPF-Quantitative Detection of
products were resolved on agarose gels, purifie@chratoxin A (R-Biopharm Ltd) kit instruction. A
(QIA quick® Kit, Qiagen) and cloned (TOPO TA LC-10VP HPLC system (Shimadzu) was used
Cloning for Sequencing Kit, Invitrogen). Clonedwith fluorescence detection set at 333 nm
inserts were sequenced with DYEnai€T dye excitation and 443 nm emissions. A Spherisorb
Terminator Cycle Sequencing kit (AmershamODS2 (5um x 25 cm x 5 mm) column was
Pharmacia Biotec, Inc.) for MegaBace 1000. Bymployed. The mobile phase was an acetonitrile-
using the BLASTX and BLASTN algorithm water-acetic acid (51/47/2, viv/v) mixture and the
(Altschul et al., 1997), the resulting sequencefow rate was 1 mL min. An OTA standard
were searched againséispergillus nigergenome (Sigma) was used for the construction of a

(http://genome.jgi- calibration curve, peak area versus concentration
psf.org/Aspnil/Aspnil.home.html) and others(ug?). The OTA concentration in sample extract
(http://blast.ncbi.nim.nih.gov/Blast.cgi). was determined by the interpolation of peak area

results from the calibration graph.

Characterization of the T-DNA integration by

PCR RT-real time PCR analysis

Based on the two regions flanking the T-DNA (leftFirstly, the ITAL 187 strain was grown for
and right borders), a primer-pair was designed teporulation at 25°C on potato dextrose agar for 5

characterize the supposed deletion caused by tHgys. Conidia (approximately iGmL™) were
T-DNA integration. One primer SequenceinOCU|ated into 100 mL of four different media:

recognized the F-actin gene (5- CY, YES, PD, and EMP. The pH of the media was
CGATGAAGGAGGATGCGAGT), and the other adjusted to 5.0 by adding acetic acid. After
one recognized the splicing coactivagene (5'- growing in the dark for four days, the RNA was
CACCACCCCTGATGAACCG). This primer pair extracted using Trizol reagent (Invitrogen).
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Figure 1 - Amplification scheme of PCR-walking method for idiication of T-DNA flanking
sequences. DNA was digested with a restriction erezgnd an adapter was ligated to
the ends of the restriction fragments. This adapés the 3’ end of the short strand
blocked by the presence of an amino group thatgmtsvthe extension with Tagq DNA
polymerase. The amplification of T-DNA flanking seaces involved a two-step
PCR procedure. Although both T-DNA and adapter pravare in the PCR, a first step
was carried out as a linear (asymmetric) PCR usimtig the specific primer to T-DNA
(RB1 or LB1) because in this step the binding &itthe adapter primer is not present.
The adapter-binding site is generated after thersion from T-DNA primer that
prevents amplification from adapter to adaptertHa second step, an exponential
amplification was carried out using both T-DNA aaxthpter primers.

First-strand cDNA synthesis was performed witt20 s, followed by 95°C for 10 s and 40°C for 1
reverse transcriptase (RT M-MLV, Invitrogen) min. A melting curve analysis was persistently
according to the manufacturer’s protocol from 50@erformed at the end of the reaction to check for
ug of total RNA. Real time PCRs were performedprimer-dimer artifacts and contamination. In
in a PTC 200 DNA Engine Cycler using aaddition, in all experiments, appropriate negative
Chromo4 Detection System (MJ Research). Theontrols containing no template were subjected to
primers, 5-CACCACCCCTGATGAACCG and the same procedure to exclude or detect any
5-GGGCTTCTTCGGTGTCGGA, respectively, possible contamination. All experiments were
were used as forward and reverse for expressigrerformed with two replications. The values were
analysis of the splicing coactivatgene by using normalized against the housekeeping gene
RT-real time PCR. Platinuth SYBR® Green glyceraldehyde-3-phosphate-dehydrogenase
gPCR Supermix-UDG (Invitrogen) was used ag$G3PDH).The primers for amplification of cDNA
reaction mixture, adding 0.4 uM of each primeffor A. carbonariusG3PDH were g3pdh-bf (5'-
and 2uL of template cDNA, in a final volume of TCGTCAACGGCAAGAAGATT) and g3pdh-br
25 uL. The PCR thermal cycling conditions were(5'-TAGCAAGGGGAGCAAGGCAGT), as

as follows: an initial step at 95°C for 5 min, aitl described by O’Callaghan et al. (2006b). The
cycles at 95°C for 20 s, 62°C for 15 s, and 72¢C fanalysisof relative expression results in real time
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PCR was performed using the REST-MCS number integrated into the genome. As shown in
software (www.gene-quantification.info) (Pfaffl et Figure 2, a single foreign DNA copy was found
al., 2002). integrated in the T188 mutant genome, meaning

that it is appropriate to look for associations

between the gene disrupted by insertional
RESULTS AND DISCUSSION mutagenesis and its phenotype. After PCR-based

amplification of DNA fragments spanning
The mutant denoted T188 that producednsertion site borders and sequencing, the
significantly less OTA (1.6 %) than the wild type BLASTN and BLASTX algorithms was used to
strain (100 %) (ITAL 187) was investigated bycharacterize the insertion of T-DNA within the
using Southern analysis to detect the T-DNA cop{i0st genome.

M A B
14.0
8.0
5.0
-
35

Figure 2 - Southern blot analysis of tiespergillus carbonariug 188 mutant. Genomic DNA was
digested withSst and electrophoresed on a 0.8% agarose gel; foridigation, a 0.6
kb-fragment of thénph gene labeled with digoxegenin was used. M: mobcoiarker
(Kb); A: Untransformed wild type strain (ITAL187;: T188 mutant.

The nucleotide sequence flanking one side of thencoding an unnamed protein of 647 aa (ID
insertion site (left border, 1251 nt) showed39109) with KOG description as a splicing
significant similarity with the initial part of the coactivator SRm160/300, subunit SRm300, i.e. a
locus Anl11g05460 fromA. niger strain CBS protein involved in RNA processing and
513.88 (E value = 2¥), which is annotated as modification. When an exact joining of T-DNA
encoding an F-actin subunit alpha protein. Theand fungus genomic DNA takes place, sequences
nucleotide sequence flanking the other side of thef the same gene are expected for both sides of the
insertion site (right border, 228 nt) showed highintegrated T-DNA. Our results mean that a non-
similarity with locus An11g05450 from the sameexact joining of T-DNA and fungus genomic DNA
A. niger strain CBS 513.88 (E value = 5% occurred during the integration event. Information
which is annotated as encoding a hypotheticain the pattern of T-DNA integration in fungi was
protein  (http://blast.ncbi.nim.nih.gov/Blast.cgi). very limited, with only a few T-DNA insertion
This same sequence was also searched for in thiges having been characterized in several species
genome of theA. niger strain ATCC 1015 transformed usind\. tumefaciengBundock et al
(http://genome.jgi- 1995; Mullins et al 2001; Leclerque et al., 2004
psf.org/Aspnil/Aspnil.home.html). Equally Choi et al., 2007Li et al., 2007; Meng et al.,
significant nucleotide similarities were found (2e 2007). The most significant contribution for
%), but in this case the gene is annotated asderstanding the mechanisms and characteristics
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of T-DNA integration has been given from genomic target sites. Although small deletions (1-
analysis of Magnaporthe oryzaetransformants 80 bp in size) were more frequent, a deletion of
Choi et al. (2007) conducted a broad analysis of T505 p in size was found in one transformant.
DNA insertion sites in transformants . oryzae Equally, Meng et al. (2007) examined the
and showed that exact joining (without deletionjunctions between chromosomal DNA and the left
addition, and microhomology) of T-DNA and and right T-DNA borders in severéll. oryzae
genomic DNA occurred in only 14.1% of thetransformants for possible deletions surrounding
integration events. Non-exact joining of T-DNA the target site. Among 36 informative T-DNA
and fungus genomic DNA occurred veryinsertions, 34 exhibited a genomic deletion at the
frequently. The most frequent non-exact joiningarget site. Five of them were deletions largentha
was that represented by a deletion of genomit kb.

DNA at the insertion site (78.3%). Deletions ofin order to confirm the deletion caused by T-DNA
genomic DNA ranged from 1 to 1950 bp, most ofintegration, we amplified the region between a
them being less than 35 bp (77.8%), while thosportion of F-actin gene and a portion of splicing
larger than 100 bp comprised only 9.8%. Incoactivator gene by using DNA from the wild type
addition, small duplications (1-11 bp) andstrain ITAL 187 and the mutant strain T188. As
chromosomal translocations were also observed shown in Figure 3, the amplification products
7.6% of integration events. Also studying. obtained were of 6040 bp and 970 bp from the
oryzae Li et al. (2007) showed that deletions duensertional mutant (T188) and the wild type strain
to T-DNA integration are found frequently in (ITAL 187), respectively.

6,040 bp

-_—70 bp

Figure 3 - Amplification of the region between splicing cdsator gene and F-actin gene in
Aspergillus carbonariusvild type and mutant. M: 1kb molecular marker; eaf:A.
carbonariusT188 mutant; Lane, 2A. carbonariusITAL187 wild type; C: negative
control.

The sequence analysis in fact showed that T-DNA final portion of the splicing coactivator genadan
integration into the mutant T188 provoked aa non-coding region between this gene and the F-
deletion of 727 bp in length. The deletion includesctin gene (Fig. 4).
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An11g05450 (splicing coactivator gene) nope-c%ﬁng An11g0560 (F-actin gene)
A. niger CBS 513.88 genome < 2202

A. carbonarius T188 mutant

T-DNA insertion

40

188/T-DNA GATGGACCTGACCC—— tcaaacactga tagttta ctgaaggcgggaaacgacaatctgatccaagctcaagctcattc

ITAL187 GATGGACCTGACCCCGTCEACCACEG ITACAGAGTTTGC[® EAGCGAGE JNGCTCGC GTG
CBS513.88 TATGGATATTACACCATCHACCACKH T GGTC ACAGAGTTTGCHN C WAGCGAGE CC IGCTCGCGRAGTG
ATCC1015 TATGGATATCACACCATCHACCACKGTIHGGETCI ITACAGAGTTTGCHN ICCIIAGCGAGEGEC CIM€GCTCGC GTG

120 140
188/T-DNA gcca ttcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctat tacgccagctggcgaaagggggat

ITAL187 — - -CAGGGEGCT CLNMNC TGGGE@GAGTT] IGAGGA. IICGTCGGGATGAMGATTTWGATCCG.
CBS513.88 CAGGGGCT T TGGGIGAGTT) IGAGGA. CGCGTCGGGATG GATTT@GATCCGA.
ATCC1015 CAGGGIGCT Tf‘lw TGGGMGAGTTI IGAGGAABMCGE®CGTCGGGATGANGATT TWGATCCGA.

161 180 200 220
188/T-DNA gtgctgcaaggcga ttaagttgggtaacgecaggtttteccagteacgacgttgtaaa———=—————————————~——-

ITAL187 CTETTC CGR\C GC GTGTC[ECCEAGCATGAGCGCECAGAGCAGICCGATCATGCC[EAATTCECCEGTEGTC. GA
CBS513.88 T TC CG eGTGTCECCEAGCATGAGCGCI\CAGAGCAGECCGGTCATGCCIAATTCIACCIAGT®GTC. GA
©

ATCC1015 @TTC. GC BGTATCCC[@AGCATGAGCGCRCAGAGCAGHCCGGTCATGCCIAAT TCIRCCIAGTEGTC.
241 268 280 300
188/ T-DNA  — == == == == —————————
ITAL187 CACGA IAGCAT@TGGGGECCACCGH ACCT[EGGCTCGCTHTTCCCEGACCGGCCE CAC
CBS513.88 CACGAG OAGCATWT GGGGRICCACCGR [. ACCTHGGCTCGCTETTCCCINGACCGGCCHGECACHE TGG C
ATCC1015 CACGAG @AGCATITGGGGECCACCGCRH GTC ATCTEGGCTCGCTETTCCCRGACCGGCCHGECACHE T GGEC
321 60
188/T-DNA  ————-— [of cccatgaactggctcttaatgagctggcggaactggcccttatcgtactccatgttggtagttgtgacaggac

ATCC1015 TGGCAACAACC. IGGAACCCT[EAAGC EGGGCTGCAGGGHATG. IACC GATGGGTT@ATG

401 420 440 460
188/T-DNA gaggctcctcgccgcttccaagcggagcaggctcgacgta tttcagtgtcgaaagatccccgggtaccgagctcga tatc
d

ITAL187 EGCATE@GAGTAG-CTGGCTGAGCCGGT 'T[€C]
CBS513.88 INGCATWGAGTAGECTGGCTGAGCCGGT TIR\C
ATCC1015 RAGCATHWGAGTAGECTGGCTGAGCCGGT THCH

ITAL187 JAATGGCAACAACC. [EGGGACCCT@AAGC TINGGGCTGCAGGGEATG. IACC GATGGGTTHATG
CBS513.88 C IAATGGCAACAACC. @GGAACCCTEAAGC [EGGGCTGCAGGGRATG. G \ACC GATGGGTT@ATG
r‘ GT

540
ttaa ttaagaattcgtaatca tgtcatagctgtttcctgtgtgaaattgt tatccgctcdcattccacacaaca tacgag

188/T-DNA
ITAL187
CBS513.88
ATCC1015
561
188/T-DNA ccggaagca taaagtgtaaagcctggggtgcctaatgagtgagctaactcaca ttaattgcgt tgcgctcactgccecgcet

ITAL187 TERT--CTAA' C Cle TAG. ATGC| CA-—
CBS513.88 T A A’ EeTe TAG. |ATGG
ATCC1015 He 7 ARNATC 2 ) GENC] TAG. |ATGG

T
641 700
t

188/T-DNA tcgagtcgggdaacctgtcgtgccagctgc.ﬁ ttaa tgaa tcggccadcgcggggggagaggcggt ttgcgtattggcta
ITAL187 7ATG TC GGGGCCACGTGCG! - -GCGGENGTCGCGCT C T[e{eiiC GGle Ci¥eG Al
CBS513.88 3 GGGGCCACGTGCG GCG! IGTCGCGCT. CGT - TG--AC.
ATCC1015 CG GGGGCCACGTGCGG GCGGEIAGTCGCGCT, T( CGT---GWTG--AC,

721
188/T-DNA gagcaattcggcgt taattcagtacattaaaaacgtccgcaa tgtgt tattaagttgtctaagcgtcc‘TCTTCTTCCGTT

ITAL187 @GGAGCTC CTGCT] CAT] C C UNC| [@TCTTCTTCCGTT
CBS513.88 JIGGAGCTC CTGCT AT CAT, CTATTC TUWNCTTTTGATCTTC
ATCC1015 B GGAGCTC! CTGCTenR¥C CAT, € LTATTCTT’: CT

TEWACTTTTGATCTTC
801 840
188/T-DNA GATACTCCTGATCCCAGCTGTTTCGTGCCATCCACATCGTCCATG C-TCTACCATCG

ITAL187 GATACTCCTGATCCCAGCTGTTTCGTGCCATCCACATCGTCCATGGCGTCTACCATCG
CBS513.88 CGCATACTCAACTCTGGCAGCTGAGTACGTTCCATAACATCCATGGCTTCCACTATCG
ATCC1015 CGCATACTCAACTCTGGCAGCTGAGTACGTTCCATAATATCCATGGCTTCCACTATCG

Figure 4 - Alignment of the nucleotide sequencesAapergillus niger(CBS 513.88 and ATCC

1015 strains)A. carbonariuswild type (ITAL187), and the mutant (T188/T-DNAJhe
T-DNA integration into the T188 mutant caused atleh of 727 bp which includes the
end of the splicing coactivator gene and a nonsgpdiegion (shaded region, the
conserved nucleotides are in gray). The non-codegipn is represented by eees. The
F-actin gene was not affected by integration. TH28NIA sequence is in italic. The stop
codon of splicing coactivator gene (TAG) and stadon of F-actin gene (ATG) iA.
niger are in bold.

Because the mutant T188 has a deletion of thte 4" day was chosen as the point for extracting
final portion of the splicing coactivator gene and total RNA and OTA quantification. The wild type
produces significantly smaller amounts of OTAstrain (ITAL 187) was grown in four different
than the wild type strain, we investigated themedia, CY, YES, PD, and EMP. The highest
possible association between the amount of OTAmount of OTA was detected in CY medium (272
and transcription levels of the gene being studieshg mL*"). After growing on both YES and PD
Based on the kinetics of OTA production (Fig. 5),media, the production of OTA was significantly
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lower than that observed in CY, 135 and 118 n@athway-specific DNA-binding protein encoded
mL?, respectively. As expected, production ofby a gene located within the cluster (Keller et al.
OTA after growing on EMP medium was very low 2005). Analysis of the genomic contextAfniger

(4.7 ng mLY). The relative expression of the near the splicing coactivator gene revealed that it
splicing coactivator gene in the four differentwas not located within a cluster expected for OTA
media was analyzed and an association betwebipsynthesis. No genes assumed to be necessary
the amount of OTA and the transcript levels wasor OTA production, i.e. encoding polyketide
observed (Fig. 6). A high Pearson correlatiorsynthases chloroperoxidase, reductase, esterase,
coefficient was found (0.96), showing a supposednd dehydratase, were found near #pdicing
involvement of this gene in the production ofcoactivator gene. However, some genes that are
OTA. not located in the gene cluster have also been
In general the genes involved in the biosynthesidescribed as affecting the biosynthesis of some
of secondary metabolites are clustered, as alreadyycotoxins. A typical example is foufusarium
described for aflatoxin/sterigmatocystin (Brown etverticillioides genes that are located outside the
al., 1996), lovastatin (Kennedy et al., 1999)fumonisin gene cluster but affect fumonisin
trichothecenes (Brown et al.,, 2001), and fombiosynthesis (Shim and Woloshuk, 2001; Flaherty
gibberellins (Tudzynski and Holter, 1998). In mostet al., 2003; Flaherty and Woloshuk, 2004; Bluhm
cases, transcriptional regulation is governed by and Woloshuk, 2006).

500 -
~ 400+
= i
S 300 -
5 i
|<5 200
O -
100

1 0.0

0

Figure 5 - Kinetic of ochratoxin A production bspergillus carbonariusTAL187 wild type in

CY medium.
5.0 272.9 ORate [ 300
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Figure 6 - Association between the transcription levels @ #iplicing coativator gene and the
amount of OTA produced bpspergillus carbonariuswild type (ITAL187) in four
different media, CY, YES, PD, and EMP.
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An analysis of the genes within thd&. RESUMO
verticillioides fumonisin cluster showed the
presence of alternative splicing forms (ASFs) forA ocratoxina A é uma micotoxina frequentemente
eight genes, includingFUM1, FUM11l, and encontrada em uma grande variedade de produtos
FUM12 that code for polyketide synthase,alimentares e apresenta efeitos nefrotoxicos e
tricarboxylate carrier and cytochrome P450otencial carcinogénico para animais e humanos.
monooxigenase, respectively (Brown et al., 2005 naturalmente produzida por algumas espécies
and the geneFUM21 which has a Zn(I)Cys  fangicas, comoAspergillus carbonarius que é
DNA-binding motif, supposedly involved in the considerado um potente produtor. Apesar disso, 0
transcriptional regulation of the genes in thenimero de estudos que visam identificar genes que
fumonisin cluster (Brown et al.,, 2007). Thes&o essenciais para a biossintese de ocratoxina em
differential expression of the ASFs BUM genes A. carbonariusé ainda reduzido. Um mutante de
suggests that splicing regulation can play a nole iA. carbonariuscom baixa producéo de ocratoxina
fumonisin biosynthesis (Brown et al., 2005). SomeA previamente obtido por transformacdo mediada
proteins that participate in the splicing mechanismpor Agrobacterium tumefacienoi investigado
show serine- and argenine-rich domains, known asm o objetivo de encontrar uma associacdo entre
RS domains. These proteins play a dual role in the gene interrompido e a biossintese desta
splicing process, affecting both constitutive andnicotoxina. Os resultados mostraram a ocorréncia
alternative splicing and they therefore have a kegle uma juncéo ndo exata entre o T-DNA e o DNA
role in genic expression at the RNA processingenémico do fungo durante o evento de
level (Fu, 1995). In mammals, the SRm160/30Gntegracdo. A integracdo do T-DNA no genoma do
protein is related to spliceosome formation angnutante T188 provocou delegdo de 727
plays a part in the recognition of exonic splicingnucleotideos. Esta delecéo inclui uma porcéo final
enhancers (ESEs). Both subunits SRm300 angb gene coativador de splicing e uma regido néo-
SRm160 have RS domains, but do not show RNA&odificante entre este gene e o gene F-actina. A
recognition motifs (RRMs) (Blencowe et al., expresséo relativa do gene coativadorsphkcing
2000). The splicing coactivador gene, identified ima linhagem selvagem cultivada em quatro
this work, displayed similarites to gene diferentes meios mostrou associacdo entre a
An11g05450 ofA. niger CBS 513.88, which quantidade de ocratoxina A e os niveis dos
amino acid-derived sequence has no RRMs, bttanscritos.
does have a serine-rich domain (annotation KEGG
at http://www.uniprot.org).
In conclusion, although the splicing coactivatorREFERENCES
gene identified in this study is not found in an
ochratoxin gene cluster, it is in fact associatéti w Altschul, S. F., Madden, T. L., Schéffer, A. A., &y,
the production of OTA. J., Zhang, Z., Miller, W., Lipman, D. J. (1997),
Gapped BLAST and PSI-BLAST: a new generation
of protein database search programscleic Acids
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