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2.1.- Introduction
Biotechnology is one of the most promising sciences to solve many industrial
and environmental problems of great magnitude and significance. In fact the
current applications of Biotechnology are endless. In this contest Environmental Biotechnology has undergone a spectacular development in the last 20 years.
One of the more promising applications of this discipline is the biodegradation
of natural compounds (hydrocarbons, polymers of vegetable origin like cellulose,
lignin or suberin), xenobiotic compounds (pesticides, dioxins), urban and industrial residues by microorganisms, as well as the use of genetically-modified
plants in biodegradation and phytorremediation (Evans and Furlong, 2002).
As stated in the previous chapter the contamination of cork by chloroanisoles
and their chlorophenolic precursors is an environmental problem, since the
main source of contaminant chlorophenols is their use in huge amounts by
many different industries, which results in the spreading of chlorophenols and
chloroanisoles in virtually all the ecosystems tested.
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In fact, the research on the state of the environmental pollution carried out
across the world, confirm the presence of chlorophenols in many ecosystems:
soils, marine sediments, atmospheric air and also surface and ground waters
(Czaplicka et al., 2004).

2.1.1.- Contamination of aquatic environments.
Chlorophenols are weakly acid compounds (slightly less acid than phenols) and,
therefore, in aquatic environments they can appear as dissociated or non-dissociated forms, and adsorbed on organic suspended matter.
✓ In the province of Alberta (Canada) concentrations of chlorophenols in water
reservoirs ranged from 2 to 2000 ng/L and in some cases reached concentrations as high as 3 µg/L (Alberta Environment, 1985).
The more frequently detected compounds were 4-chlorophenol, 2,4dichlorophenol (concentrations normally below 10 ng/L) and 2,4,6-TCP (concentrations normally lower than 40 ng/L) (Sithole and Willians, 1986).
Remarkably, twenty percen of the drinking-water samples were contaminated
by PCP.
✓ It has been detected contamination by chlorophenols also in the Rhine river
in Holland. 2,4,6- and 2,4,5-TCP concentrations values ranged between 40
and 630 ng/L (Buikema et al., 1979).
✓ Contamination by chlorophenols have been also found in aquatic environments
of Greece (bottom sediments from the Thermaikos gulf; Albanis and Danis,
1999), Poland (Czaplicka, 2001) and Italy (river Po; Davi and Gnudi, 1999).

2.1.2.- Contamination of soils.
Chlorophenols have been frequently found as contaminants of soils. It seems
that they could originate by biodegradation of some herbicides and pesticides,
from atmospheric deposition or due to their employment in technological uses
(Czaplicka, 2004).
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✓ Danis and Albanys reported the contamination by PCP and 2,4-dichlorophenol in arable fields near Ionnina (Greece) in the proximity of a wood treatment factory.
✓ Also topsoil samples from Finlad, taken in the vicinity of sawmills, were contaminated by chlorophenols (Knuutinen et al., 1990).
✓ It seems that the contamination of soils is specially high in countries, like
Canada, Finland and Sweden, where high amounts of fungicides and other
crops protecting agents have been used. Remarkably in these countries high
amounts of PCP were used as wood preserving agents in wood factories (Valo
et al., 1984).

2.1.3.- Air contamination.
Chlorophenols are very volatile compounds and therefore they are commonly found in the atmosphere as vapours originated from production-related
activities, and the combustion of contaminated wastes, coal or woods
(Czaplicka, 2004).
As a general rule we can state that the concentration of chlorophenols in the
atmosphere is in direct relation to the effect of local emission sources. The pollution is generally higher in samples of air taken at urban areas (Wark et al.,
1998) or in the proximity of wood factories (Schroeder and Lane, 1988).

2.1.4.- Contamination of cork in origin.
Very few data regarding the putative contamination of cork in origin (contamination of the bark of the oak-cork or the planks arriving at the factories)
are available.
Some studies indicates that the older (more external) bark contains higher
levels of 2,4,6-TCA that the younger one. This suggests a putative use of
polychlorinated biocides in the treatment of the cork trees at the forests
(Hoffmann and Sponholz, 1994; Howland et al., 1997) as the source of the
primary contamination.
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Also Rigaud and colleagues (1984) detected contamination in cork planks
immediately after they have been removed from the trees, indicating a pollution in the forests.

2.1.5.- Development of a preventive strategy:
design of fungal strains to prevent
chloroanisoles formation at the forests.
Taking into account all these data we can assume that the main source of
chlorophenols contaminating corks is the environmental pollution of the
forests.
If the trees and the cork planks are contaminated in origin any strategy to fight
this situation could have a significant effect over the general levels of cork
contamination at the factories.
From this point of view it has been proposed the design and use of modified
fungal strains at the forests in order to prevent both, the formation of
chloroanisoles, and the destruction of the chlorophenolic precursors.
This preventive strategy would consist on the development of modified fungal
strains endowed with the ability to degrade chlorophenols and unable to produce chloroanisoles. These strains, once obtained, could be used to overgrow
the bark of trees in the forest, or more adequately the cork planks in the factories, to avoid the growth of others fungi that potentially could produce 2,4,6TCA and other chloroanisoles.

2.2.- General strategy to obtain fungal strains endowed with
the capability to degrade chlorophenols and unable to
produce chloroanisoles.
The modified fungal strains that we are planning to obtain will be derived from
a Trichoderma longibrachiatum strain previously isolated from cork samples
(Álvarez-Rodríguez et al., 2002). Many species belonging to this genera have
proved to be very effective in biological control treatments and molecular biology techniques for its genetic modification are available. Theorically these
modified strains should have the next properties:
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I).- A good ability to overgrow cork. In fact, this T. longibrachiatum
strain has been isolated from cork and shows a good capability to
overgrow this material as a consequence of its good adaptation to this
material.
II).- They should be able to inhibit, at least partially, the growth of
many other fungal strains that potentially could produce
chloroanisoles on cork. Regarding this objective we should emphasize that currently different species of the Trichoderma genus are widely employed as biocontrol agents in the treatment of different
pathogen fungi affecting several crops (Nevalainen et al., 1994; Elad,
2003; Benítez et al., 2004 ).
III).- These strain should be able to degrade chlorophenols. As we showed
before this T. longibrachiatum strain can effectively remove 2,4,6-TCP
from liquid cultures and from granulated corks (Álvarez-Rodríguez et al.,
2002). Additionally this ability could be improved by the expression of
fungal laccase-encoding genes with a proved capability to degrade
chlorophenols (Coll et al., 1993; Tortella et al., 2005; Ong et al., 1997; T;
Bollag et al., 1988; Ullah et al., 2000).
IV).- Obviously, these strains should not be able to produce chloranisoles at all. In order to get this objective it would be required to
identify and clone the gene encoding the Chlorophenol O-methyltransferase (CPOMT), enzyme responsible of the production of a wide
variety of haloanisoles, including all the chloroanisoles and bromoanisoles that can be detected as contaminants in wines (Coque et
al., 2003).
V).- Finally, they should not produce mycotoxins. In fact, it is important
to remark that the genus Trichoderma is actually recognized as GRAS
(generally regarded as safe) because its almost null ability to produce
mycotoxins (Nevalainen et al., 1994).

2.2.1.- Modifications required to obtain the desired
fungal strains.
In order to understand the putative treatment of forests or cork planks with
the fungal strains endowed with the characteristics described in the previous
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section, it is important to remember the more probable sequence of events
occurring in fungal strains developing over the bark of a cork oak, over a cork
plank (or alternatively over a oak-wood barrel in a cellar) when they are
exposed to the presence of 2,4,6-TCP.
As indicated before (review figure 7 and section 1.5 in chapter 1), the required
fungal strains should be modified in two different ways (see figure 2.1) by
using classical techniques of Molecular Biology:
✓ Firstly, they should overproduce laccases in order to degrade most of the
chlorophenols outside the cell. This objective could be got by the expressión
of laccase-encoding genes from ligninolytic fungi.

Figure 2.1. Required modifications to obtain fungal strains able to degrade 2,4,6-TCP
and unable to produce chloroanisoles

✓ Secondly, the cpomt gene encoding the chlorophenol O-methyltransferase
responsible of the formation of bromoanisoles and chloroanisoles (Coque et
al., 2003) should be deleted to avoid their production.
A schematic diagram of the sequential tasks that should be carried out in
order to get these modified fungal strains is showed in figure 2.2.
Next, we are going to describe each of the tasks required to obtain the final
objective previously indicated.
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Figure 2.2. Schematic diagram of the tasks that should be carried out in order toobtain fungal strains
with the capability to degrade chlorophenols but unable to produce chloroanisoles.

2.2.2.- Task 1. Purification of the CPOMT from T. longibrachiatum.
The purification of the CPOMT from T.longibrachiatum was a requirement previous to the sequencing of internal peptides. Once obtained these peptide
sequences we would be able to design specific degenerate primers to clone by
PCR (polymerase chase reaction) the encoding gene.
The purification was basically carried out as reported before (Coque et al.,
2003 and Álvarez-Rodríguez, 2003) with some modifications which are
described next:
✓ Firstly, we increased the amount of fungal mycelium from 6 g to 22 g in order
to obtain 50 ml of cell-free extract of a protein concentration of about 15
mg/ml. The mycelium was resuspended (2 ml/g of mycelium) in 50 mM TrisHCl (pH 8.2), containing 5 mM MgCl2, 100 mM NaCl, 1 mM DTT, 1 mM PMSF,
and 20% glycerol (breaking buffer), and disrupted by sonication (150 watt
MSE ultrasonic disintegrator) by using 15 10-seconds bursts. Cell debrises
were removed by centrifugation at 20,000 x g for 20 min at 4ºC. The supernatant was desalted by filtration through PD-10 columns (Amersham Pharmacia Biotech, Uppsala, Sweden) to remove any trace of phenolic com-
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pounds, and the eluate was recovered in Tris-HCl 10 mM (pH 8.0) containing
2 mM MgCl2, 1 mM DTT, and 3.5 M NaCl (buffer DA).
✓ Next we modified the protocol of purification:
• Step 1.- HiTrap DEAE (5 ml) column chromatography. The first purification step was performed by using a HiTrap DEAE (5 ml) column chromatography. The enzyme solution in buffer DA was applied to the column,
previously equilibrated in the same buffer. The column was washed, with
100 ml of buffer, and the enzymatic activity eluted with buffer DA containing 0.3 M NaCl (buffer DB) at a flow rate of 1 ml/min with a linear
gradient (expressed as percentages of buffer DB) of 0 to 100% in 100
ml. Most of the enzymatic activity eluted in the range of 50-110 mM NaCl.
• Step 2. Hydroxyapatite chromatography. The active fractions were combined and the buffer changed to sodium phosphate 10 mM; pH 7.0 (HA
buffer) by using PD-10 desalting columns. The sample was then loaded
onto a Bio-Scale CHT-I 5 ml column (BioRad) and then washed with 15 ml
of HA buffer. The enzymatic activity was eluted by using a linear gradient
of phosphate buffer 500 mM; pH 6.5 in 100 ml. The activity was recovered from the column in the interval of 150-300 mM sodium phosphate.
• Step 3.- RESOURCE Q column chromatography. The active fractions from
step 2 were pooled, the buffer changed to Tris-HCl 50 mM (pH 8.2) containing 2 mM MgCl2, 1 mM DTT and 10% glycerol (buffer QA), and applied
to a RESOURCE Q column (Amersham Pharmacia Biotech) previously equilibrated with 5 bed volume of buffer QA. The adsorbed enzyme was eluted
at a flow rate of 1 ml min-1 with buffer QA containing 1M NaCl (buffer QB)
with the following elution gradient (expressed as percentages of buffer
QB): 0 to 2.5%, 2 min; 2.5%, 6 min; 2.5 to 6.5%, 6 min; 6.5 to 10%, 5
min; 10 to 15%, 3 min; and 15 to 100%, 2 min. The enzymatic activity
was mainly recovered in the interval of 50-65 mM NaCl.
• Step 4. Ultrafiltration. An 80-fold concentrated enzyme preparation was
obtained by ultrafiltration through a poliethersulfone 50-kDa cutoff membrane in a Vivaspin concentrator (Vivascience, Goettingen, Germany). The
buffer of the enzyme preparation was changed to Tris-HCl 50 mM (pH 8.0)
containing 2 mM MgCl2, 1 mM DTT and 10% glycerol (buffer DA) by using
a HiTrap Desalting column (Amersham Pharmacia Biotech) according to
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procedures recommended by the supplier. This step let us not only to concentrate the sample but also to eliminate many contaminant proteins of
molecular weight smaller than 50 kDa.
• Step 5. Superdex 200 HR 10/30 column chromatography. The concentrated sample was directly applied to a Superdex 200 HR 10/30 column
(Amersham Pharmacia Biotech) equilibrated and eluted at a flow rate of 0.25
ml min-1 in buffer DA. Fractions (0.75-ml) were collected, assayed for CPOMT
activity, and the fractions showing activity that contained the purified
enzyme were combined and preserved at -20ºC for subsequent analysis.
The different fractions showing CPOMT activity in a enzymatic assay in the last
chromatographic step were analyzed by SDS-PAGE indicating the presence of
several proteins. The higher activity was detected in fraction C3, that contained
a very prominent band of about 47 kDa (as it can be seen in figure 2.3A).
However, and like we could not completely be sure about which of the detected band was CPOMT, an assay was carried out in order to identify the CPOMT
band by specific photolabeling with [3H]S-adenosyl L-methionine (SAM).
This technique has been widely used to detect and identify O-methyltransferases (Som and Friedmann, 1990; Ruiz and Ugalde, 1998). As shown in
figure 2.3B (lane 3), the photolabeling let us to identify only 2 bands of
putative O-methyltransferases of molecular weights around 47 and 51 kDa.
Accordingly the two proteins were named as MT47 and MT51.

2.2.3.- Task 2. Sequencing of internal peptides from the CPOMT protein.
Once purified and identified two protein bands corresponding to putative Omethyltransferases our next goal was performing their characterization by
sequencing of internal peptides. Briefly, the different processes carried out were
as follow:
✓ Coomassie-Blue stained bands were sliced for further protein identification.
50% of the protein-containing band was in-gel trypsin digested using a ProteineerDP (Bruker, Bremen, Germany) following the method described by
Schevchenko et al. (1996).
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Figure 2.3. Electrophoretic analysis of CPOMT. (A). Coomasie Blue staining of an SDS-PAGE gel showing the molecular weight standards (lane M), and the four fractions (F2, F2, F3, F4) with higher
CPOMT activity after Superdex 200 chromatography. (B). Detection of CPOMT by photolabeling with
[3H]SAM. The two bands indicated by arrows in B correspond to putative O-methyltransferases named
pMT47 and pMT51 according to their predicted molecular weights.

✓ After digestion, peptide-mass fingerprint was determined by using the the
20% of the each sample. They were analyzed in a Bruker Reflex IV MALDI-ToF
mass spectrometer (Brucker Daltonics, Bremen, Germany). The peptide-mass
fingerprints of proteins pMT47 and pMT51 are showed in figure 2.4.
✓ De novo sequencing was carried out with the 80% rest of each sample. The rest
of every sample (80%) was dissolved in 20 µL of ESI Buffer A (0.5 % acetic acid
in water). LC ESI MS/MS analysis was done as follows. Samples were loaded in a
100 mm x 100 µM I.D. column packed with 5 µM, 300 Å C18 beads (IntegraFrit,
New Objective, Woburn, MA) and fractionated in a Famos-Switchos-Ultimate
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Figure 2.4. Peptide-mass fingerprint of the two putative O-methyltransferases (pMT51 and pMT47)
purified from T. longibrachiatum obtained by MALDI-TOF.

chromatographic system (LCPackings, The Netherlands) with a 45 min linear
gradient of 5-30% ESI Buffer B (90% acetonitrile, 0.5% acetic acid in water) at
500 nL/min. Peptides eluting from the column were directly analyzed on a HCT
ultra ion trap mass spectrometer (Brucker Daltonics, Bremen, Germany).
✓ Data dependent MS/MS spectra were acquired by automatic switching between
MS and MS/MS mode using dynamic exclusion. Fragmentation spectra were
searched against the latest version of NCBInr databases using a home licensed
version of the MASCOT search engine (http://www.matrixscience.com/).
Manual analysis of the fragmentation spectra was also performed to confirm
the peptide sequences.

2.2.3.a.- Internal peptides from protein pMT51.
The analyses carried out let us to obtain the peptides indicated in table 2.1.
From the data showed in table 2.1 it seems clear that the protein pMT51 is a
putative 6-phosphogluconate dehydrogenase, and obviously we can conclude
that it is not the chlorophenol O-methyltransferase that we are searching.

Peptide

Sequence

Homology

m/z 1016,54

VADEEG[L/I] [K/Q]R

Not detected

m/z 1129,57

VESA[K/Q][L/I][K/Q]GG [L/I]K

Not detected

m/z 1048,60

Fragment identified: ADPR

Too small peptide

m/z 1238,72

TKDLPANLLQAQ

Identified in the
6-phosphogluconate
dehydrogenase from
Magnaporthe grisea

m/z 1467,85

DLPANLLQAQR

Identified in the
6-phosphogluconate
dehydrogenase from
Aspergillus niger

Table 2.1. Peptides from putative O-methyltransferase pMT51
identified by de novo sequencing .
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2.2.3.b.- Internal peptides from the protein pMT47.
The analyses carried out let us to obtain the peptides indicated in table 2.2.
From the data showed in this table (the peptide sequences are not showed in
order to protect the information) it seems clear that the protein pMT47 is a
putative O-methyltransferase, and therefore it might correspond to the T. longibrachiatum CPOMT.
In fact, several of these peptides showed a high homology to peptide
sequences corresponding to fungal O-methyltransferases from several fungal
species like Neurospora crassa, Chaetomium globosum, Phaeosphaeria nodorum,
Aspergillus nidulans y Aspergillus oryzae.
Sequence
Peptide

(not showed to protect
the information)

Homology

m/z 1061,80

Not showed

Homology with
Homocysteine
S-methyltransferases

m/z 1149,60

Not showed

Homology with
O-methyltransferases

m/z 1401,20

Not showed

Homology with
O-methyltransferases

m/z 974,43

Not showed

Homology with serine
hydroxymethyltransferases

m/z 918,50

Not showed

Not detected

m/z 1151,55

Not showed

Not detected

m/z 1786,76

Not showed

Homology with
O-methyltransferases

Table 2.2. Peptides from the putative O-methyltransferase pMT47
identified by de novo sequencing .

2.2.4.- Task 3. Cloning of the CPOMT-encoding gene.
Once we have identified the putative CPOMT from T. longibrachiatum our next
objective was the cloning of the corresponding gene.
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First we cloned by PCR the putative cpomt gene from Fusarium graminearum by
using its DNA sequence obtained from a database.
This gene will be later used as a probe to screen a genomic library of T. longibrachiatum. This library will be made in a lambda phage derived-vector like
Lambda FIX II o Lambda DASH II (Stratagene). The screening of the library and
all the required DNA manipulations will be carried out as described by Ausubel
et al., 1989 and Sambrook and Russell, (2001).
Once cloned the gene, the surrounding regions (including the promoter) will be
sequenced.

2.2.5.- Task 4. Search for genetic markers suitable to transform
T. longibrachiatum.
The transformation of microorganisms require the use of genetic markers for
the direct selection of the transformants in a selective medium.
The battery of genetic markers available to transform Trichoderma species is
limited.
✓ As previously indicated the pyrG gene have been successfully used by Gruber
et al. (1990); Smith et al. (1991), and other authors. However, this method
requires the previous isolation of a uridin-negative mutant (by loss of orotidine-5'-monophosphate carboxylase activity encoded by gene ura3 or pyrG).
✓ In a similar way the niaD (which encodes for a nitrate reductase) from
Aspergillus nidulans is an attractive selective marker for the development of
transformation protocols for species that are genetically not well characterized. In this case, it would be necessary to isolate a niaD mutant by resistance to chlorate (Unkles et al., 1989).
✓ Others authors have used the amdS from Aspergillus niger to transform strains
of Trichoderma harzianum (Limón et al., 1999; Delgado-Jarana et al., 2000).
This gene confers to the transformants the capability to grow on minimal
medium containing acetamide or acrylamide as only nitrogen source.
✓ Finally, the more frequently selective marker used in Trichoderma species is
the hygromycin phosphotransferase B gene (Sánchez-Torres et al., 1994),
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which confers to the transformants the ability to grow on culture media containing the antibiotic hygromycin B (an inhibitor of protein synthesis).
Previous analyses performed in our T. longibrachiatum strain showed the impossibility to use the amdS gene as selective marker, since the strain exhibited a
high growth background in several different minimal media containing
acetamide or acrylamide as the only nitrogen source.
These data indicate, that currently and until the pyrG gene of T. longibrachiatum is available, the only option to transform this strain is the use of
hygromycin resistance gene as selective marker.

2.2.6.- Task 5. Development of a genetic transformation system.
The Trichoderma genus, (including a specific T. longibrachiatum strain) have
been successfully transformed for different authors by using several techniques
[(polyethylene glycol-mediated transformation of protoplast, lithium acetate
method, electroporation and particle bombardment (Mach and Zelinger, 1998)].
However, we found many difficulties to transform our strain isolated from cork
samples:
✓ The transformation of T. harzianum for electroporation has been reported by
Goldman et al. (1990). In this protocol, "competent cells" were obtained by
partial digestion of the fungal cell wall to provide osmotically sensitive cells.
In order to induce cells to take up transforming DNA, an electric pulse and
PEG were used in the electroporation method. With this method efficiencies
of up to 400 transformants by µg of DNA were be obtained. The two main
advantages of electroporation over the traditional methods are (a) the simplicity of preparing osmotically sensitive cells, and (b) a higher reproductibility of transformation using this method. Also an additional important difference was observed: a higher mitotical stability of the
transformants.
In our case the transformation of our T. longibrachiatum strain according the protocols of Richey et al, (1989) and Goldman et al., (1990) was unsuccessfully.
✓ The attempts to transform T. longibrachiatum by using Agrobacterium tumefaciens-mediated transformation (de Groot et al, 1998) were also unsuccessfully.
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✓ The polyethylene glycol-mediated transformation of protoplasts is the technique most frequently used for filamentous fungi. The critical step of this
method is the requirement of protoplasts that are produced by removing the
cell walls of germ tubes or hyphae with cell wall-degrading enzymes as
Novozyme. With this method transformation efficiencies of up to 400-600
transformantes/µg of DNA can be routinely obtained for Trichoderma species.
In our case, we decided to try this transformation method in spite the low
regeneration efficiency that Trichoderma protoplast normally exhibit (lower
than 10%). In fact, the results were negative when we tried the conditions and
culture media described for others species of filamentous fungi (Sivan et al.,
1990, Cantoral et al., 1987).
Finally we could obtain the transformation of protoplasts according to the protocol described by Penttilä et al. (1987) and Sánchez-Torres et al. (1994) with
some minor modifications as described next:
TRANSFORMATION PROTOCOL FOR Trichoderma longibrachiatum
✗ Inoculate 5 plates (covered with sterile plastic cellophane) of CM medium
(glucose, 25g/L; malt extract, 5g/L; sorbitol, 1M; and agar, 15 g/L) with
5 x 106 spores.
✗ Incubate at 30ºC for 18 hours.
✗ Remove the cellophane disks and sink them in a Petri dish containing 3 ml
of A solution [0.1 M KH2PO4; sorbitol 1.2 M; pH 5.6] supplemented with 5
mg/ml of lytic enzymes (Sigma Aldrich Company).
✗ Incubate 90 minutes at 30ºC. Regularly check the protoplast formation
under the microscope.
✗ Wash each cellophane disk with solution A (2 ml).
✗ Recover the A solution containing the protoplast and filtrate through a
sterile nylon filter (30 µm pore). Precipitate the protoplast by careful centrifugation at 450 xg and 4ºC for 10 minutes.
✗ Resuspend the protoplast pellet in 4ml of B solution [Tris-HCl 10 mM;
CaCl2 50 mM; sorbitol 1M; pH 7.5] and centrifuge like in the previous step.
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✗ Resuspend the protoplast again in B solution to reach a concentration of
about 5 x 108 protoplastos/ml.
✗ Take 200 µl of protoplast suspension and add 50 µl of PEG solution [25%
PEG 8000 (p/v); Tris-HCl 10 mM; CaCl2 50 mM; pH 7.5] and 10 µl of transformant DNA (1 µg/µl).
✗ Incubate 20 minutes on ice and then add 2 ml of PEG solution and incubate 5 minutes at room temperature.
✗ Dilute the mixture by adding 4 ml of B solution and plate 1 ml samples
mixed with 4 ml of OSCM medium at 48ºC. Add to small Petri dishes of 5
cm diameter.
✗ Incubate at 30ºC for 3-4 days until slight growth become evident.
✗ Select the transformants by adding hygromycin to reach a final concentration in the plates of 200 µg/ml.
✗ After 4-5 days of growth replicate the transformants to new plates containing the antibiotic to confirm again their resistance. Repeat until complete 3 rounds of replication.
✗ To confirm their mitotic stability grow every selected transformant (3 rounds
of growth in PDA (potato dextrose agar) without antibiotic. Then replicate
again to the same medium containing hygromycin (200 µg/ml). Select those
transformants that still exhibit yet resistance to the antibiotic.
2.2.7.- Task 6. Genetic disruption of the cpomt gene to obtain a
T. longibrachiatum cpomt - strain.
The final objective of this task is to obtain fungal strains defective in the CPOMT
enzyme and therefore unable to produce chloroanisoles, including 2,4,6-TCA.
In order to disrupt the cpomt gene we will follow the next strategy:
✓ First, we will clone the pyrG gene of T. longibrachiatum from the genomic
library previously obtained. The library will be screened with the pyrG gene of
T. reesei (Gruber et al., 1990; Smith et al., 1991) available at our laboratory.
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✓ Secondly, we will obtain pyrG- mutants of T. longibrachiatum. The mutants
will be obtained by mutation with ultraviolet light or nitrosoguanidine and
later selection by resistance to the structural analogue 5-fluoroorotic acid
(5-FOA). These mutants (defective in the enzyme orotidine-5'-monophosphate decarboxilase) need to be supplemented with uridine to grow and are
resistant to 5-FOA. However, their normal phenotype can be reverted by
transformation with the cloned pyrG gene.
In fact, this genetic marker has been widely and successfully used for the
development of transformation systems for Trichoderma reesei (Gruber et al.,
1990; Smith et al., 1991), and other filamentous fungi, like Penicillium chrysogenum (Díez et al., 1987).
✓ The disruption of the cpomt gene from T. longibrachiatum will be carried out
in the pyrG mutant previously isolated. The disruption cassette will carry the
pyrG gene as selective marker, that will be located between long flanking
sequences of the cpomt gene. The genetic disruption will be obtained by
homologous recombination according to the procedures previously described
by Mach et al. (1995) o Carsolio et al. (1999).

2.2.8.- Task 7. Expression of a laccase encoding gene in T. longibrachiatum
(T. longibrachiatum Lac1+ and T. longibrachiatum cpomt -/Lac1+
strains).
Once developed a transformation protocol it will be used to transform the wild
type strain of T. longibrachiatum and also the cpomt- strain with a laccase
encoding gene from a white-rot fungi to obtain transformed Lac1+ and
Lac1+/cpomt- strains.
In our laboratory the Lac1 gene from the basidiomycete PM1 is available (kindly provided by Dr. Ramón Santamaría; CSIC; Salamanca, Spain). This gene
encodes a laccase protein with a high activity to oxidize many different phenolic compounds like chlorophenols, phenol or guaiacol (Coll et al.,1993a; and
Coll et al., 1993b).
The role of laccases (benzenediol: oxygen oxidorreductases), and other oxidative
enzymes of the ligninolytic complex of white-rot fungi, in the effective degradation of chlorophenols is well documented (Bhasker-Reddy et al., 1998 and 2000;
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Bollag et al., 1998; Reinhammar and Malmstrom, 1998; Ullah et al., 2000). Laccases and peroxidases are also involved in the degradation of many other recalcitrant compounds and significant environmental pollutants like textile dies
(Abadulla, et al., 2000) or benzopyrene (Masaphy et al., 1996 and 1999).
Therefore, it is supposed that the production of high levels of laccase activities would provide to T. longibrachiatum a stronger capability to oxidize
and remove the chlorophenolic precursors of chloroanisoles.
The transformation protocol of our wild type T. longibrachiatum strain consisted on a cotransformation by using two different plasmids:
✓ The vector pRLMex30 (see figure 2.5A), which contains as selective marker
the hygromycin B-resistance gene (Mach et al., 1994). This gene very efficiently expressed from the strong and constitutive promoter of the T. reesei
pki gene (encoding the piruvate kinase gene). This plasmid also contains the
terminator region of the T. reesei cbh2 gene encoding a cellobiosahydrolase.
✓ The plasmid pEXLAC. This plasmid is a derivative of pLMRS3 (Mach et al.,
1994) containing the lac1 gene (encoding the Lac1 laccase) under the control of the strong promoter Ppki and the transcriptional terminator t isolated from T. reesei. The lac1 gene was amplified by PCR and subcloned in
this vector to obtain pExLac. Figura 2.5B). After the transformation 26 putative hygromycin-resistant transformants were selected after 3 rounds of replication on selective media. Total DNA was extracted from each transformant
and the presence of lac1 gene was carried out by PCR by using the oligonucleotides TRLAC1 and TRLAC2 designed to amplify a 450 base pair internal
region of the gene.
cbh2

As shown in figure 2.6B a specific PCR band of the expected size was detected in transformants 13 and 18. This data indicates that these hygromycin
resistance transformants also have incorporated the pExLac plasmid. On the
contrary, the rest of the analyzed transformants had solely incorporated the
pRLMex30 plasmid containing the hygromycin resistance gene.
Currently we are analyzing the expression levels of the lac1 gene in the selected
transformants by using techniques like northern blot or RT-PCR (reverse transcriptase-polymerase chain reaction) and performing new transformation experiments in order to get a higher number of transformants containing the lac1 gene.
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Figure 2.5. Maps of the vector pRLMex30 containing the genetic marker hph
(hygromycin phosphotransferase) which confers resistance to hygromycin (A),
and the recombinant plasmid pEXLAC containing the lac1 laccase-encoding gene expressed
from the strong and constitutive promoter of the pyruvate kinase gene (pki) (B).
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Figure 2.6.- (A) Wild type strain of T. longibrachiatum and some of the transformants analyzed
in B; (B). PCR analysis of the transformants showed in A to detect the presence of the
laccase-encoding gene lac1. Lanes: 1).- 1kb DNA ladder; 2).- Wild type; 3 to 6).- Transformants 1,
3, 13 and 18. 7).- Positive control (pExlac); 8).- Negative control. Note the amplification of a
internal fragment of lac1 gene in transformants 13 and 18 (lanes a and 5).

2.2.9.- Task 8. Analysis of the capability of T. longibrachiatum (cpomt -) /
(Lac1+) and (cpomt -/Lac1+) strains in the prevention of
formation of chloroanisoles.
The final objective of this strategy is the construction of three different strains
of T. longibrachiatum:
✓ T longibrachiatum cpomt-. This strain should be unable to produce
chloroanisoles and bromoanisoles.
✓ T longibrachiatum Lac1+. This strain should produce high levels of a ligninolytic laccase from the basidiomycete PM1 and therefore should exhibit an
improved capability to degrade chlorophenols. It should be remembered that
T. longibrachiatum can effectively remove 2,4,6-TCP from a liquid culture,
although the mechanism involved in the putative degradation remains to be
determined (Álvarez-Rodríguez et al., 2002).
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✓ T longibrachiatum Lac1+/ cpomt-. This strain would have the capabilities of
the two strains previously described: no production of chloroanisoles and
improved degradation of chlorophenols.
Once obtained these three strains we will check their putative ability to avoid
the formation of chloroanisoles on cork as compared to the wild type strain.
The protocol that we will follow is the next:
✓ Twenty grams of granulated cork of 2-4 mm of diameter in a 500-ml flask
containing 20 ml of distilled water, 20 mM ammonium acetate, and 20 µg of
2,4,6-TCP, will be inoculated with 5 x 105 CFUs (colony forming unit) or
spores of each fungal strain.
✓ Flasks by duplicate, in at least two independent experiments, will be statically incubated for 20-30 days at 22ºC in the dark.
✓ After incubation, 0.5 g of cork will be removed and the microorganisms present will be recovered and quantified on RB agar plates. This procedure will
allowed us to confirm the absence of contaminating organisms and to check
the ability of each strain to grow on cork under the conditions of the assay.
✓ The rest of the granulated cork will be extracted with 200 ml of ethanol for
24 h at 22-25ºC with agitation (220 rpm) and the solution filtered through
filter paper to remove any solid debris.
✓ After that, 100 ml of water will be added and mixed, and the resulting mixture will be extracted twice with 5 ml of pentane. We will add 1 µg of 2,4,6PCA-d5 (deuterium labeled) as internal standard, and the organic phase will
be evaporated under vacuum in a N2 atmosphere at room temperature (2225ºC).
✓ The concentrated sample will be analyzed by gas chromatography-mass spectrometry (GC-MS) to test 2,4,6-TCA levels produced by every strain by using
standard conditions previously described (Álvarez-Rodríguez et al., 2002).
If finally these strains are effective in avoiding the formation of chloroanisoles
on cork they could be used as inoculum at different stages of the cork stopper
manufacture process:
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I).- They could be applied directly over the trees once the bark have been
stripped out. The rapid colonization of the surface of the tree should
avoid the growth of other putative dangerous fungal strains.
II).- Also they could be used to overgrow the cork planks at the factory during the resting step to stabilize them. Again the final objective is to
limit the growth of other fungal strains able to produce chloroanisoles.
III).- Finally they could be used to inoculate the cork planks after the boiling. In a similar way the fast and massive development of these strains
will avoid the development of other microorganisms over the planks,
limiting in this way the risk of chloroanisole formation at this stage
of the manufacture process.

2.3.- Conclusions and future prospects.
2.3.1.- Conclusions.
The main conclusions and results of this study are the following:
I).- We have improved a new method to purify the enzyme CPOMT from T.
longibrachiatum responsible of the formation of the chloroanisoles and
bromoanisoles that can be found in corks and wines.
II).- We have purified 7 internal peptides of the T. longibrachiatum CPOMT.
These peptides show homology to internal peptides of several hypothetical O-methyltransferases of fungal origin deposited in protein
databases.
III).- We have identified the gene encoding CPOMT in several of these fungal strains and we have cloned by PCR the cpomt gene from Fusarium graminearum.
IV).- We have developed a transformation system for T. longibrachiatum
based on the use of the antibiotic hygromycin as selective marker.
V).- By using this transformation procedure we have obtained several
transformants (Lac1+ strains) carrying the lac1 gene from the basidiomycete PM1, which encodes a laccase able to oxidize chlorophenols.
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2.3.2.- Future prospects.
The research work here described will be continued as follow:
I).- First, we will clone the cpomt from T. longibrachiatum gene by screening of a genomic library using as a probe the corresponding gene from
Fusarium graminearum.
II).- The cpomt gene from T. longibrachiatum, and the surrounding regions,
will be sequenced and characterized.
III).- This gene will be genetically disrupted to obtain strains unable to produce chloroanisoles (cpomt- strains).
IV).- The cpomt- strains will be transformed with the lac1 gene from the
basidiomycete PM1 to obtain strains Lac1+/cpomt- strains able to
degrade chlorophenols and unable to produce chloroanisoles.
V).- Once obtained the T. longibrachiatum strains Lac1+, cpomt- and
Lac1+/cpomt- we will check their ability to avoid chloroanisoles formation on cork by performing assays on granulated cork and assayed chloroanisoles
formation by gas chromatographymass spectrometry.
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