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ABSTRACT. Penicillium griseoroseum, a deuteromycete fungus pro-
ducer of pectinolytic enzymes, was transformed with a gene encoding
for green fluorescent protein (GFP). The selection of transformants was
based on the homologous nitrate reductase gene (niaD). Protoplasts of
a P. griseoroseum Nia mutant (PG63) were co-transformed with the
plasmids pNPG1 and pAN52-1-GFP. The plasmid pNPG-1 carries the
homologous niaD gene and pAN52-1-GFP carries the SGFP-TYG ver-
sion of GFP. The highest transformation efficiency (102 transformants/
µg of pNPG1) resulted from the utilization of equimolar amounts of trans-
forming and co-transforming vectors. Analysis of pAN52-1-GFP inser-
tions into the genomic DNA of the transformants revealed single and
multiple copy integrations. The transformants possessing a single copy
of the gfp gene showed a low level of fluorescence, whereas multicopy
transformants displayed strong fluorescence under visualization with fluo-
rescent light. The transformants showing high expression of the gfp
gene had the normal mycelia pigmentation altered, displaying a bright
green-yellowish color, visible with the naked eye on the plates, without
the aid of any kind of fluorescent light or special filter set.
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INTRODUCTION

Fungi are important organisms for the industrial production of a broad range of extra-
cellular enzymes. Pectinolytic enzymes, such as polygalacturonase and pectin lyase, play a key
role in biotechnological processes of the textile and food industries. In the textile industries, they
are used for degumming fibers, a process with a lower environmental impact than the chemical
process (for a review, see Kashyap et al., 2001). The food industries utilize the pectinolytic
enzymes in biotechnological processing of beverages, such as wine and fruit juices (Kawano et
al., 1999).

Fungi of the genus Penicillium are among the microorganisms that produce this enzy-
matic complex. Screening performed to assess promising fungi for production of pectinases
demonstrated that the deuteromycete saprophytic fungus Penicillium griseoroseum is a good
producer of pectinolytic enzymes when cultured in medium supplemented with sucrose and
yeast extract (Baracat-Pereira et al., 1994; Pereira et al., 2002).

A systematic program aiming to improve enzyme production by microorganisms relies
on comprehension of the regulation of the genes involved in the overall processes as well-
finding alternative, less expensive, sources of energy that promote efficient production of the
enzymes of interest. Transformation is a widely employed approach to conduct studies aiming at
the comprehension of molecular processes in fungi (see Brakhage and Langfelder, 2002 and
Gossen and Bujard, 2002). Among the various selection systems employed in the transformation
of fungi, the nitrate reductase system offers several inherent advantages for transformation, such as
easy recipient isolation, through its resistance to chlorate, and low background growth after trans-
formation (Daboussi et al., 1989). This is a good system to be used for co-transformation, in
cases in which a transforming gene cannot easily be directly selected for. The niaD gene has
also been described as a gene trap for the isolation of transposons in fungi (Langin et al., 1995).

Green fluorescent protein (GFP) is a 27-kDa protein isolated from the marine jellyfish
Aequorea victoria (Prasher et al., 1992). Several studies have already described applications
of GFP technology for various purposes. So far, GFP has been used as a reporter for gene
expression (Biao Ma and Gold, 2001), for tagging of proteins to monitor their localization within
living cells (Borneman et al., 2001) and for monitoring of enzyme secretion (Gordon et al.,
2000). The success of GFP as a reporter protein can be attributed to its unique qualities, such as
non-requirement of co-factors or substrates for its activity, high stability under different temper-
ature and pH regimes, the possibility of being fused to other proteins without losing its fluores-
cence property, and the ease with which it is detected in vivo (Lorang et al., 2001). P. griseoroseum
is an excellent biological system for studies of molecular genetics of production of industrially
important enzymes, such as pectinolytic enzymes, and genetic transformation is a useful tool to
investigate these processes. We report the successful co-transformation of P. griseoroseum
with the niaD and gfp genes, as well the best parameters for this transformation system.

MATERIAL AND METHODS

Strains and plasmids

The wild-type strain of P. griseoroseum was isolated by Dr. J.J. Muchovej of the
Departamento de Fitopatologia, Universidade Federal de Viçosa. The P. griseoroseum PG63
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(Nia mutant) was derived from the wild-type strain and was used as the recipient strain in
transformation experiments. The plasmid pNPG1 contains the entire nia gene from P.
griseoroseum cloned into the KpnI site of the plasmid pBluescript SK II+ (Pereira et al., 2004),
and pAN52-1-GFP carries the SGFP-TYG version of GFP under the control of the strong and
constitutive Aspergillus nidulans promoter, gpd.

Growth and culture conditions

The PG63 Nia mutant was cultured on complete medium (Pontecorvo et al., 1953). The
wild-type and the transformant strains were cultured on nitrate minimal medium (Pontecorvo et
al., 1953). All strains were incubated at 28°C.

Co-transformation of Penicillium griseoroseum

The transformation procedures were performed according to the basic polyethylene
glycol (PEG)-mediated method (Yelton et al., 1984; Ballance and Turner, 1985), with modifica-
tions. Protoplasts of the PG63 strain were obtained from mycelia grown on complete medium
overlaid with cellophane paper for 24 h at 25°C. About 800 mg mycelia was digested with 15 mg
GLUCANEX® enzyme (Novo Nordisk) in 5 ml osmotic stabilizer (0.8 M KCl, 10 mM phos-
phate buffer, pH 5.8), for 3 h, at 30°C, 80 rpm in orbital shaker. After filtration through cheese-
cloth, the protoplasts were washed three times in SCT (1 M sorbitol, 50 mM CaCl

2
 and 100 mM

Tris-HCl, pH 7.5), once in 10 ml and twice in 5 ml by centrifugation at 2.3 g, 4°C, for 15 min.
The sediment was homogenized in SCT to a final concentration of 108 protoplasts/ml.

Plasmidial DNA and 50 µl 60% PEG 6000, previously prepared in SCT, were added to
200 µl of a protoplast suspension containing approximately 107 protoplasts. The preparation was
incubated for 20 min on ice before the addition of 500 µl of the same PEG solution. The mixture
was kept for 20 min at 25°C and plated on minimal medium. The osmotic stabilizer present in the
medium was 0.56 M sucrose. The cultures were incubated for five days at 28°C. Different
combined amounts of the plasmids were supplied in each treatment.

Screening of co-transformants and fluorescence microscopy

The transformants for the gfp gene were screened among the colonies retrieved from
the nitrate minimal medium. To determine the co-transformation percentage, 100 colonies from
each treatment (Table 1) were randomly selected for epifluorescence analysis. Thin mycelial
fragments harvested from each colony were arranged upon a glass slide surface, covered with
a coverslip and analyzed under fluorescent light. Epifluorescence images were obtained with an
Olympus BX-60 microscope equipped with a 460- to 480-nm excitation filter set, captured with
an Olympus (U-CMAD-2) camera and edited with the image analyzer program Image Pro®

Plus, version 4.0 (Medial Cybernetics, L.P., 1998).

Molecular analysis

Genomic DNA from the wild type, PG63 Nia mutant, and five co-transformants (CT8,
CT9, CT19, CT20, and CT21) was prepared from fresh mycelium (Specht et al., 1982), di-
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gested with the restriction enzyme SmaI, which cuts the plasmid pAN52-1-GFP once, size-
separated on 0.8% agarose/TEB gel (Sambroock et al., 1989), transfered onto a nylon mem-
brane (Duralon-UVTM Stratagene) and hybridized at high stringency (65°C/0.2X SSC/0.1%
SDS). The probe was an NcoI-BamHI fragment excised from the pAN52-1-GFP plasmid,
which contains the entire gfp gene. The probe labelling was performed with the Prime-it® Fluor
Fluorescence Labeling Kit and detection was done with the IlluminatorTM Nonradioactive De-
tection System, both manufactured by Stratagene. All procedures were performed according to
the recommendations of the supplier.

RESULTS

The transformation efficiency increased when pAN52-1-GFP was added to the trans-
formation mixture, when compared to procedures carried out only with the plasmid pNPG1
(Table 1). The highest transformation efficiency (102 transformants/µg of pNPG1) was achieved
when equimolar amounts of the transforming and co-transforming vectors were used. Increas-
ing amounts of transforming DNA caused the efficiency of transformation to decrease. The
highest co-transformation efficiency (7%) was observed when a ratio of 3:6 pNPG1 and pAN52-
1-GFP, respectively, was employed. More than 6 µg of pAN52-1-GFP caused the efficiency of
co-transformation to decrease.

Table 1. Relation between different ratios of transforming and co-transforming vectors and transformation and co-
transformation efficiencies.

Treatment Ratios  of Number of Percentage of
pNPG1/pAN52-1- transformants/µg co-transformants (%)1

GFP plasmid DNA DNA

1- pNPG1 3 µg 21 -
2- pNPG1/pAN52-1-GFP 3 µg/3 µg 102 4
3- pNPG1/pAN52-1-GFP 3 µg/6 µg 72 7
4- pNPG1/pAN52-1-GFP 3 µg/9 µg 71 5
5- pNPG1/pAN52-1-GFP 9 µg/3 µg 64 4

1Number of green fluorescent protein (GFP) transformants per total number of nitrate reductase transformants in each
treatment.

Five co-transformants were selected for hybridization analysis of plasmid integrations.
The selected co-transformants had a variable pattern of gfp integration (Figure 1). Some hy-
bridizing bands were intense and showed a typical pattern of tandem integration (Figure 1, CT9
and CT20). The co-transformants CT9 and CT20 also displayed bright green-yellowish myce-
lial pigmentation (Figure 2A). Since transformants CT8, CT19 and CT21 presented few copies
of gfp and did not show alteration in mycelial pigmentation, it is possible that this mycelial aspect
is a consequence of a high level of GFP expression in CT9 and CT20 and its accumulation into
their hyphae. Epifluorescence microscopy analysis showed that GFP was distributed in the
hyphae and conidia (Figure 2B, C and D). In the hyphae, GFP was mainly aggregated in septa
(Figure 2C and D).
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Figure 1. Molecular analysis of Penicillium griseoroseum co-transformants: wild-type (WT), PG63 nia mutant and co-
transformant strains. Genomic DNA (2.5 mg) was digested with SmaI (an enzyme that cuts pAN52-1-GFP once). The
fragments were probed with a fluor-12-dCTP labelled NcoI-BamHI fragment from the plasmid pAN52-1-GFP containing
the entire gfp gene.

Figure 2. A, Green fluorescent protein (GFP) expression in the high-copy number transformant CT20 of Penicillium
griseoroseum CT20 mycelia (right colony), displaying changes in pigmentation in comparison to the untransformed wild
type (left colony). B, Conidia and hyphae expressing GFP. C, Accumulation of GFP in septa indicated by the arrow. D,
Aspect of GFP distribution in a hyphal filament.
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DISCUSSION

Pectinases are involved in the degradation of pectin. They are of considerable impor-
tance for the food and textile industries. Processing of beverages (Alkorta et al., 1998) and
degumming of plant fibers, such as ramie and linen (Kashyap et al., 2001), are some examples
of their industrial importance. Penicillium species are potential producers of pectinases be-
cause of their saprophytic life style (Hershenhorn et al., 1990; O’Neill et al., 1991). Previous
studies aiming to improve pectinase production by the fungus P. griseoroseum have shown its
potential as a starter strain, through enzymatic assays, mainly because of its low cellulase activ-
ity, associated with high pectinase activity (Baracat-Pereira et al., 1994; Pereira et al., 2002).
We report the co-transformation of P. griseoroseum with the niaD and gfp genes.

All treatments where the two plasmids were present showed an increase in the trans-
formation efficiency when compared to the treatment where the niaD gene was used alone.
According to Fincham (1989), one possible cause of the increase of the transformation effi-
ciency observed by the utilization of two different kinds of vectors during the transformation is
that, if protoplasts are exposed to two different kinds of DNA simultaneously, there is a high
probability that a cell that takes up one will also take up the other. A low co-transformation
efficiency (4-7%) was observed in all treatments. Co-transformation efficiencies vary and seem
to be dependent on the study organism and on experimental conditions. A co-transformation
efficiency of 68% was reported for Trichoderma reesei, when equal amounts of two plasmids
having different selective markers were used (Pentillä et al., 1987). Punt et al. (1987) analyzed
the co-transformation efficiency for Aspergillus nidulans and Aspergillus niger and found 60
and 80% co-transformation efficiency, respectively.

The version SGFP-TYG was efficiently expressed in P. griseoroseum. Hybridization
analysis revealed transformants carrying single or multiple copies of the gfp gene. Transfor-
mants with a high copy number of pAN52-1-GFP showed a bright green yellowish pigmentation
in mycelia that was easily noticed without the aid of any special equipment.

The observation in the present study that GFP was successfully expressed in P.
griseoroseum opens up new possibilities to more thoroughly study the biological processes
involved in the production and secretion of pectinases in this organism.
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