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Abstract The pectin lyase (PL) is an industrially important
enzyme since it is used for maceration and clariWcation in the
process of fruit juice production in food industries. In order
to increase the yields of pectin lyase we cloned the plg1 (pec-
tin lyase 1) from Penicillium griseoroseum gene under the
control of the strong constitutive promoter of the glyceralde-
hyde-3-phosphate dehydrogenase gene (gpdA) and the termi-
nator region of the tryptophan synthetase (trpC) gene from
Aspergillus nidulans (plasmid pAN52-Plg1) and transformed
this construct into the P. griseoroseum strain PG63. One of
the pAN52-Plg1 multi-copy transformants (strain 105)
grown in culture medium containing glucose or sugar cane
juice showed PL activities of 4,804 or 5,202 U ml¡1 respec-
tively, which represented 57- and 132-fold increases. In addi-
tion, the apparent speciWc activity of PL produced by this
strain was much higher than the one observed for a commer-
cial pectinase preparation. Evaluation of the extracellular
proteins in the culture supernatant of strain 105 by SDS-
PAGE showed the presence of a clear and strong band of
approximately 40 kDa that probably corresponds to PL. The
enzyme yields reported here demonstrate that the system we
developed is able to express pectin lyase at levels comparable
to, or exceeding, previously reported data.
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Introduction

Pectinases are a group of enzymes that hydrolyze pectin by
diVerent mechanisms and are divided into two broad clas-
ses: pectinesterases and depolymerases. The pectinesterases
remove methoxy groups from methylated galacturonides.
The depolymerases catalyze the cleavage of glycosidic
bonds via hydrolysis (hydrolases) or via �-elimination
(lyases) [42]. These enzymes are widely applied in fruit
juice industries, in the processing of ramie, hemp, Xax and
jute Wbers, tea, coVee, oil extraction, treatment of industrial
wastewater, and in the making of paper [18, 19]. Pectin
lyase is the most important enzyme involved in pectin
depolymerization, since it is the only enzyme capable of
cleaving the internal glycosidic bonds of highly methylated
pectin, such as fruit pectin, without the prior action of other
enzymes [1]. Thus, the development of PL overproduction
systems is of great importance for the fruit juice industry.

Fungi of the genus Penicillium are of signiWcant indus-
trial importance and species of this genus are among the
microorganisms able to produce the enzymatic complex
involved in pectin degradation [35]. Penicillium griseoro-
seum CCT6421 has proven to be a good pectinase producer
[4]. Multiple forms of pectin lyases are produced by Wla-
mentous fungi and several pectin lyase genes have been
isolated and characterized, which constitute gene families
in many fungal species, such as, Aspergillus niger [14, 15,
23, 24], Aspergillus oryzae [20, 21], and P. griseoroseum
[6]. Two pectin lyase-encoding genes (plg1 and plg2) from
P. griseoroseum CCT6421 were isolated, characterized,
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and their expression regulation evaluated by northern
hybridization and RT-PCR analyzes. Both genes are regu-
lated at transcriptional level, being induced by pectin and
substantially repressed by glucose [6]. The requisite of
induction by pectin for the expression of PL genes consti-
tutes a major limitation to the enzymatic production process
at industrial level due to the high cost of this substrate.
However, addition of small amounts of yeast extract was
proven to be eVective for PL production in P. griseoroseum
cultivated on sucrose [5].

Even though traditional genetic improvement strategies
such as mutagenesis [10] and parasexual processes [40] have
been shown to improve pectinase production for industrial
purposes in several species of Aspergillus [8, 25], they have
failed to work satisfactorily in Penicillium expansum and
P. griseoroseum. Nevertheless, improvements at the level
of gene expression could be achieved by replacing the regu-
lator signals of the genes of interest by sequences from
highly expressed genes [29, 39, 41]. Gene expression con-
trolled by Aspergillus nidulans glyceraldehyde-3-phos-
phate dehydrogenase (GPD) and tryptophan synthetase
expression signals has been accomplished in Penicillium
chrysogenum [22], Trichoderma reesei [30], Metarhizium
anisopliae [16], Acremonium chrysogenum, and Sordaria
macrospora [32] among other Wlamentous ascomycetes.

Another example of successful application of this strategy
was the cloning of the gene SGFP-TYG coding for the Green
Fluorescent Protein of Aequorea Victoria into the plasmid
pAN52-1-GFP under the control of gpdA promoter region
and its subsequent eYcient expression in P. griseoroseum
[26]. This result opens new possibilities for more in-depth
studies of the biological processes involved in the production
and secretion of pectinases in this organism. For this purpose,
our group has developed a speciWc strain (PG63) and
eYcient transformation systems for P. griseoroseum [31, 36].

With the aim of obtaining strains capable of overexpress-
ing pectin lyase, we genetically modiWed P. griseoroseum
PG63, a spontaneous mutant for the nitrate reductase gene,
by introducing additional copies of plg1 under the control of
its own promoter sequence as well as by inserting the plg1
gene controlled by gpdA promoter from A. nidulans. Both
types of transformant strains were characterized with
regards to PL activity and recombinant strains producing up
to 132 times higher PL activity than the one observed for the
control strain in the same conditions were observed.

Materials and methods

Strains, plasmids and growth conditions

Penicillium griseoroseum CCT6421 was isolated from for-
est trees at the Universidade Federal de Viçosa, Viçosa,

Minas Gerais, Brazil. Discs of mycelia cultivated on mini-
mal medium were kept in water at 4°C for long-term stor-
age. Initial inoculum was prepared from 5 day-old cultures
grown at 25°C on minimal medium (MM) or complete
medium (CM) [33]. The carbon sources tested for PL pro-
duction were 1% (w/v) glucose (transformant strains), 1%
(w/v) sucrose supplemented with 0.06% (w/v) yeast
extract, 0.3% (w/v) citric pectin P-9135 (Sigma®) (PG63
strain), and sugar cane juice (both type of strains). The
sucrose content of sugar cane juice of 17.8% (w/v) was
determined by an enzymatic UV-method (Boehringer
Mannheim, Mannheim®) and the culture medium was
adjusted to contain 1% of this carbon source. P. griseoro-
seum niaD mutant (PG63) and plasmid pNPG1, containing
the nitrate reductase (niaD) gene of P. griseoroseum as
selective marker were developed by Pereira et al. [31].
Plasmid pPlg1, containing the complete sequence of plg1
gene from P. griseoroseum was constructed by Bazzolli
et al. [6]. Plasmid pAN52-1-GFP carrying the SGFP-TYG
version of the green Xuorescent protein (GFP) under con-
trol of the A. nidulans gpdA promoter was kindly provided
by Dr. Corinne Clavé, of the Institut de Biochimie et de
Genetique Cellulaires, Bordeaux, France. Bacterial trans-
formation was carried out using the method proposed by
Inoue et al. [17]. Plasmid DNA isolation was performed as
described by Sambrook et al. [37].

Construction of plasmid pAN52-Plg1

Plasmid pAN52-Plg1 was obtained by replacing the coding
region of the GFP gene in vector pAN52-1-GFP by the cod-
ing region of plg1. This DNA fragment was generated by
PCR ampliWcation using primers P1 (5�AACTCCCACC
ATGGAGATCGCC 3�) and P2 (5�CACAACTTGGA
TCCGCGAGT 3�). These primers were designed to intro-
duce an NcoI restriction site immediately prior to the trans-
lation initiation codon (ATG) of the plg1 gene and a BamHI
restriction site right after translation termination codon
(TGA). The ampliWed plg1 gene was then directionally
cloned into the NcoI and BamHI sites of plasmid pAN52-1.

DNA extraction and Southern blot analysis

Genomic DNA of P. griseoroseum wild, mutant, and
recombinant strains was prepared from fresh mycelia [38]
and digested with SphI and EcoRI restriction enzymes. The
digestion products were separated in a 0.8% agarose gel
and transferred to Duralon membranes (Stratagene),
according to standard procedures [37]. In order to evaluate
whether multiple integrations of the pectin lyase gene under
the control of its own promoter sequence had occurred, the
membrane was probed with a labeled DNA fragment con-
taining the structural plg1 gene from P. griseoroseum. To
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evaluate the pattern of integration of the plasmid pAN52-
Plg1, the genomic DNA from recombinant strains was
digested with EcoRI (a restriction enzyme that fails to cut
the gpdA promoter sequence). Then, the membrane was
probed with a labeled DNA fragment containing the gpdA
promoter from A. nidulans. Probes were labeled using the
Prime-it® Fluor Fluorescence Labeling Kit (Stratagene).
Hybridization experiments were carried out overnight at
60°C in standard hybridization buVer, according to the
manufacturer’s instructions and signal detection was per-
formed using the illuminatorTM non-radioactive detection
system (Stratagene), according to the product’s manual.

Fungal transformation

Protoplasts of the strain PG63 were obtained as described
by Balance and Turner [3], with some modiWcations.
BrieXy, 25 ml of CM [33] were inoculated with 107 spores
from the mutant PG63 of P. griseoroseum and incubated
for 20 h at 25°C with 150 rpm agitation. Mycelia were col-
leted by Wltration and resuspended in 5 ml 0.6 M KCl pH
5.8 containing Glucanex (3 mg ml¡1). The reaction was
incubated at 30°C for 3 h with gentle shaking. Protoplasts
were separated from mycelia debris by Wltration and
washed three times with 1 M Sorbitol, 100 mM Tris–HCl
pH 7,5, 50 mM CaCl2 (STC) by centrifugation (5 min,
2,300 g). The collected protoplasts were resuspended in
0.5 ml of STC buVer and diluted to a Wnal concentration of
108 protoplasts ml¡1. Protoplast transformation was based
on Yelton [43] and Balance and Turner [3] methods, with
some modiWcations. Approximately 107 protoplasts were
incubated with 1 �g of pNPG1, 10 �g of pPlg1 or pAN52-
Plg1 and 50 �l of 25% polyethylene glycol 6,000/50 mM
CaCl2. The mixture was incubated on ice for 20 min before
the addition of 500 �l of the same PEG/CaCl2 solution.
After 20 min at 25°C, the protoplasts were plated on MM
which contained sodium nitrate as the sole nitrogen source
and 0.5 M sucrose. Cultures were incubated for 5 days at
25°C. Control transformations were performed under the
same conditions described above but no DNA was added to
the protoplast suspension. Mitotic stability was assessed by
successive transfers to non-selective medium. Genetic sta-
bility of the plg1 gene and PL activity, were monitored for
12 months.

Pectinase production on solid medium and pectin lyase 
activity in liquid medium

Fungi were inoculated in mineral medium consisting of
2.0 g l¡1 K2HPO4; 0.1 g l¡1 MgSO4·7H2O; 1.0 g l¡1

(NH4)2SO4; supplemented with 3 g l¡1 citric pectin P-9135
(Sigma®), pH 7.2 and 15 g l¡1 agar, and incubated for
5 days at 25°C. Agar discs (7 mm in diameter) containing

mycelia from the colonies were transferred to Macllvaine
buVer (0.2 M Na2HPO4 and 0.1 M citric acid, pH 6.0), con-
taining 0.25% (w/v) citric pectin P-9135 (Sigma®), 1.5%
(w/v) agar and incubated for 48 h at 40°C. Iodine-potas-
sium iodide solution (1.0 g iodine, 5.0 g potassium iodide
and 330 ml of distilled water) was added in order to detect
clearing zones.

To determine PL activity, the fungal mycelia were
grown in liquid medium containing: 6.98 g l¡1 K2HPO4;
5.44 g l¡1 KH2PO4; 1.0 g l¡1 (NH4)2SO4; 1.1 g l¡1

MgSO4·7H2O; 0.6 g l¡1 yeast extract; and 3.0 g l¡1 pectin.
Erlenmeyer Xasks (125 ml) with 50 ml of medium were
inoculated with 1.0 ml of a spore suspension (1 £ 106

spores ml¡1) and incubated at 25°C with 150 rpm agitation.
Pectin lyase activity was determined in the culture Wltrate
as described by Albersheim [2]. The reaction mixture was
set by adding 1.5 ml of the culture Wltrate to 1 ml of 2.5%
(w/v) citrus pectin P-9135 (Sigma®) in 50 mM phosphate
buVer, pH 6.8. After incubation for 30 min at 40°C, 0.5 ml
of the reaction mixture was withdrawn and added to 4.5 ml
of 0.01 N HCl. One unit of PL (U) activity was deWned as
nmoles of unsaturated products produced per min. The
molar extinction coeYcient of unsaturated product is
5.55 £ 103.

Growth measurement

Mycelial mass production was quantiWed by collecting
mycelium in a 400 mesh screen (37 jam pores), followed by
drying at 105°C until obtaining constant mass [9].

SDS-polyacrylamide gel electrophoresis

SDS-polyacrylamide gel electrophoresis was conducted
according to the method described by Laemmli [25] in a
12% acrylamide gel and 4.5% stacking gel containing
0.1% SDS. Samples were boiled at 100°C for 5 min in
Tris-glycine buVer containing 2.3% SDS and 2% 2-�-
mercaptoethanol. Electrophoresis was carried out at a
constant current of 80 volts (10 mA) for 3 h using a run-
ning buVer of 0.24% SDS in Tris-glycine buVer. After
electrophoresis, the gel was stained with 0.1% Coomassie
brilliant blue R-250. Protein content was quantiWed by the
method of Bradford [7], using bovine serum albumin as
standard.

Results and discussion

In the present work we aimed at obtaining recombinant
strains of P. griseoroseum able to overexpress pectin lyase
for industrial application. In order to reach our objective we
used two independent strategies.
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The Wrst strategy consisted in inserting additional copies of
the plg1 gene, under the control of its own promoter sequence,
into the genome of the PG63 strain of P. griseoroseum. The
PG63 strain was isolated for sodium chlorate-resistance by
our group and presents a 122-bp spontaneous deletion in
the niaD gene, which makes this strain ideal for transfor-
mation experiments since reversion of this kind of mutation
is very unlikely or impossible [31]. Other important feature
of PG63 is that its PL and other pectinases production was
not aVected by mutation. Vigorous transformant strains
were observed growing on selective medium 72 h after
transformation experiment. An average of 1,500 niaD sta-
ble transformants were obtained with plasmids pNPG1 and
pPlg1, being the transformation frequency of 40 transfor-
mants per microgram of pNPG1, which is a high frequency
when compared to eight transformants obtained by heterol-
ogous transformation of the same fungus using one micro-
gram of the plasmid pNH24 carrying the gene niaD from
Fusarium oxysporum [36].

These transformants were analyzed for total pectinase
production on solid medium by measuring the pectin degra-
dation halo. Approximately 380 transformants showed
higher pectinolytic activity when compared to wild and

PG63 mutant strains. Measurements of PL activity from
liquid medium containing sucrose and yeast extract
revealed that the transformants showed at most 3.0 times
higher PL activity than wild or PG63 mutant strains
(Fig. 1a).

Eleven of these transformants were analyzed by South-
ern blot revealing that integration of the niaD gene mainly
occurred at the resident locus characterizing occurrence of
homologous integration in the most transformants (data not
shown). Homologous integration of the gene marker (nia)
is interesting for co-transformation experiments, since a
lower percentage of transformants would show integrations
at other regions in the genome that may be important for
maintaining cell metabolism or be of biotechnological
interest. When the same membrane was probed using plg1,
transformants T487, T47, T34, T89 and T88 exhibited the
same band proWle as the wild type strain (Fig. 1b). This
result showed these are not cotransfomants. These hypothe-
ses are in agreement with the fact that their PL activities
were similar to that observed for the wild type strain. Vec-
tor insertion out of the plg1 locus (ectopic integration) was
observed for the transformants T86, T62, T119, T63, T7 e
T13. The number of additional copies of the plg1 gene

Fig. 1 Pectin lyase activity 
and hybridization analysis of 
Penicillium griseoroseum trans-
formed with plasmid pPlg1. 
a Pectin lyase activity of the 
wild (W), PG63 (M), and 
transformant (T) strains of 
P. griseoroseum grown in su-
crose-yeast extract medium for 
48 h. b Hybridization analysis of 
the transformants genomic DNA 
digested with SphI (no cleavage 
site in plg1 gene). The blot was 
probed with a DNA fragment 
containing the plg1 gene from 
P. griseoroseum. The sizes of 
the DNA fragments are indi-
cated in kilobases (kb)
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present in the genome of these transformants could not be
precisely determined, thus making it impossible to correlate
PL activity and gene copy number.

To explain the limited production of PL observed in
these transformants, we hypothesized that the expression of
the additional copies of plg1 could be aVected by the inte-
gration site, or that the protein production in larger levels
was limited by poor amount of regulatory proteins avail-
able. Several studies have reported a considerable increase
in protein production resulting from introduction of multi-
ple copies of genes of interest into fungi genomes [10, 26].
However, it has been noted that both copy number and site
of integration greatly aVect the expression of introduced
genes [41]. For instance, no correlation between additional
copy number of genes that codify polygalacturonase and
enzyme activity was observed in transformants of A. niger
[8]. The same was noted in transformants of P. chrysogenum
[13], in which a transformant carrying only six copies of
this gene showed 50% higher enzymatic activity than the
one exhibited by a strain with nine copies.

The limited amount of speciWc transcription factors can
also compromise the expression proWle of a gene of interest.
In fact, addition of multiple copies of the glucoamylase-
encoding gene in A. niger resulted in titration of trans-

acting regulatory protein(s), which actually resulted in
reduced gene expression [41]. Thus, the low PL activity
observed in the plg1 transformants of P. griseoroseum
could also be explained by a lack of expression signals for
the additional copies of the gene. One strategy that could be
used to overcome this problem would be the overexpres-
sion of genes encoding speciWc regulatory factors, but this
would require simultaneous genetic manipulations that are
very diYcult to achieve. An alternative approach for over-
expression of the gene could be achieved by replacing the
expression signals for sequences from highly expressed
genes [11, 12, 41]. We chose this second approach and built
a plasmid vector carrying plg1 under the control of the
gpdA promoter and the terminator region of the tryptophan
synthetase gene (trpC) from A. nidulans. Glyceraldehyde-
3-phosphate dehydrogenase is a key enzyme in glycolysis
and gluconeogenesis that may represent up to 5% of total
content of soluble proteins in several organisms, thus indi-
cating that this gene has a very strong promoter region [34].

The strategy used to construct the recombinant vector
pAN52-Plg1 is summarized in Fig. 2. This plasmid,
together with pNPG1, was also used to transform protop-
lasts of PG63 strain. Two hundred and Wfty transformant
strains showed themselves genetically stable after Wve

Fig. 2 Construction of plasmid 
pAN52-Plg1. Plasmid pAN52-
Plg1 (D) was obtained by replac-
ing the gfp gene in vector 
pAN52-1-GFP (A) by plg1 gene 
from P. griseoroseum. The 
NcoI–BamHI 1000bp DNA frag-
ment was generated by digesting 
the PCR-ampliWed DNA frag-
ment containing the plg1 coding 
region from the plasmid pPlg1, 
using primers P1 and P2 (C). 
This DNA fragment was direc-
tionally ligated to the NcoI and 
BamHI sites of pAN52-1 (B). 
Restriction sites and gene re-
gions are indicated in the Wgure. 
ApR-ampicillin resistance; Pgpd 
5�-promoter region of the Asper-
gillus nidulans glyceraldehyde-
3-phosphate dehydrogenase 
gene; TtrpC-terminator region 
of the tryptophan synthetase 
gene from A. nidulans
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successive transfers to non-selective medium. The transfor-
mants were grown in liquid medium containing glucose as
the sole carbon source for 48 h, after which they were ana-
lyzed for PL activity. Five recombinant strains (30, 42, 73,
105, 149) showed PL overproduction (Table 1). These
strains exhibited enzymatic activities ranging from 33 to 57
times higher than the one observed for PG63 strain grown
in medium containing sucrose and yeast extract. The high-
est PL activity was produced by recombinant strain 105.

The presence of pectic substances in growth medium is
required for PL production in wild type strains of P. grise-
oroseum [5, 27]. Alternative carbon sources, such as sugar
cane juice, have been assayed with the objective of reduc-
ing production costs of microbial PGs and PLs [28]. We
investigated the eVect of diVerent carbon sources in PL
activity of the recombinant strain 105 (Table 2). The high-
est activity was obtained when the fungus was cultured in
presence of sugar cane juice (5,202 U ml¡1) and the lowest
one, in presence of pectin (1,190 U ml¡1). These PL activi-
ties obtained by fungi cultivation in presence of sugar cane
juice are 132 times higher than the one observed for PG63
strain grown in the same carbon source. These results indi-
cate that recombinant 105 is a promising strain for indus-
trial production of pectin lyase, since sugar cane juice is an
inexpensive and readily available carbon source in Brazil.

In order to further characterize the recombinant strains
able to overproduce PL, we performed a Southern blot
analysis of genomic DNA of these strains digested with
EcoRI (a restriction enzyme that fails to cut the gpd pro-
moter sequence) using a DNA fragment containing the
gpdA promoter of A. nidulans as probe. We found that all
Wve recombinant strains had at least two copies of the plas-
mid pAN52-Plg1 (Fig. 3). Since no hybridization signal
was observed between the A. nidulans and P. griseoroseum
gpd promoters, in the conditions used, we concluded that
these two sequences share relatively low similarity. Fortu-
nately, expression of plg1 was not hindered in spite of this
low similarity.

Pectin lyase production was also evaluated by size frac-
tionation in SDS-PAGE gel electrophoresis followed by
Coomassie staining (Fig. 4). Total extracellular proteins

Table 1 Pectin lyase activities and biomass of some P. griseoroseum
recombinant strains grown in mineral medium containing glucose and
the mutant PG63 grown in mineral medium supplemented with sucrose
and yeast extract

The results represent arithmetical average § standard-error of three
independent experiments
a, b Values followed by the same letter are not diVerent according to
Tukey test (� = 0,05)

Strain PL activity (U ml¡1) Biomass (g l¡1)

PG63 83.4 § 11.10 4.89 § 1.92

30 3,676.0 § 473.25ab 5.67 § 2.12

42 2,777.0 § 356.06b 5.18 § 2.38

73 2,817.0 § 532.45b 5.85 § 2.26

105 4,804.0 § 415.32a 4.85 § 1.89

149 3,202.0 § 387.18b 4.43 § 0.95

Table 2 EVect of diVerent carbon sources on pectin lyase activity and growth rate of P. griseoroseum recombinant strain 105 and mutant PG63

The results represent arithmetical average § standard-error of three independent experiments

ND not detected

Carbon source PG63 PG63 105 105

PL activity (U ml¡1) Biomass (g l¡1) PL Activity (U ml¡1) Biomass (g l¡1)

Glucose ND 4.89 § 0.93 4,804 § 415.32 4.85 § 1.85

Sucrose ND 5.18 § 1.95 4,403 § 377.50 4.76 § 1.73

Pectin 21.82 § 8.15 0.60 § 0.25 1,190 § 232.65 0.62 § 0.21

Sugar cane juice 39.40 § 12.50 5.30 § 1.84 5,202 § 483.91 7.20 § 3.35

Fig. 3 Hybridization analysis of Penicillium griseoroseum recombi-
nant strains transformed with the vectors pAN52-Plg1 and pNPG1.
Genomic DNA from wild, mutant, and recombinant strains was digest-
ed with EcoRI (no site of cleavage into the probe sequence). The blot
was probed with a DNA fragment corresponding to the gpdA promoter
of A. nidulans. Letters and numbers represent wild strain (W), PG63
mutant strain (M), and recombinant strains (30, 42, 73, 105, 149). Sizes
of the DNA fragments are indicated in kilobases (kb)
123



J Ind Microbiol Biotechnol (2008) 35:159–166 165
were measured in culture supernatants of the recombinant
strain 105 grown in presence of sucrose and the mutant
PG63 grown in presence of pectin. For comparison, we
used a commercial pectinase preparation (Citrus Clear®,
Valley Research) as standard. Analysis of the gel revealed
that strain 105 shows a single strong band with a molecular
mass of approximately 40 kDa, similar to the molecular
mass estimated for PL from the plg1 nucleotide sequence
[6]. On the other hand, the commercial pectinase prepara-
tion showed several bands of moderate intensity, none of
them presenting the same size of the putative pectin lyase
produced by strain 105. These data suggest that PL produc-
tion in the recombinant 105 predominates over other extra-
cellular proteins, contrary to the situation observed for the
commercial preparation. Moreover, the apparent speciWc
activity of PL produced by this strain was 54 times higher
than that detected in the commercial preparation (Table 3).

Taken together, our results show that recombinant strain
105 has an enormous potential to produce pectin lyase for
application in industrial processes, such as textile and plant
Wber processing, coVee and tea fermentation, oil extraction,
industrial wastewater treatment, and paper making. Fur-
thermore, it oVers the advantage of producing great
amounts of PL using sugar cane juice as the sole carbon

source, which would lower production costs. Moreover, the
PL enzyme has an estimated pI (9.46) higher than those
reported for the Aspergillus PLs (varying from 3.65 to 5.9)
[6, 23], which, in association with its working pH, renders
great industrial value to this enzyme. Further experiments
will be carried out in order to optimize the growth condi-
tions of this strain for scaling up PL production in bench
bioreactors.
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