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Abstract

A conserved region of a polygalacturonase (PG) gene fromPenicillium griseoroseumwas PCR amplified and used
to screen a genomic library from this fungus. The nucleotide sequence of the isolated clone (pggI) consisted of
1497 bp, including a coding region of 1251 bp. This region potentially encodes a protein of 376 amino acids,
and is interrupted by two introns. Extensive homology was observed between this protein and several fungal
endopolygalacturonases. DNA hybridization analyses revealed that there is a low copy number ofpggI in the
P. griseoroseumgenome, probably one or two copies.

Introduction

Pectinases degrade the major constituent found in the
middle lamela and primary cell walls of plant cells.
Fungal pectinases used in the food industry for clari-
fication of fruit juices and wines, liquefaction of fruit
and vegetable pulps (Manachiniet al. 1988, Aguilar
& Huitron 1986, Grassin & Fauquembergue 1996).
Researches have been conducted to obtain pectinase
overproducing strains of filamentous fungi which can
be used in the textile industry for degumming of nat-
ural fibers extracted from flax, jute, and ramie (Sharma
1987, Fernandes-Salomãoet al.1996). The enzymatic
degumming of natural fibers is less polluting than the
chemical process normally used, and it reduces the use
of chemicals and energy (Sharma 1987).

The use of fungal pectinases in the textile indus-
try requires the selection of good pectinase producers,
showing low cellulase secretion to prevent the weak-
ening of the natural fibers. Two species from the genus
Penicillium, P. griseoroseumand P. expansum, have
been selected in our laboratory based on their pecti-
nase production (Baracatet al. 1989). These species
have been extensively studied both physiologically
(Picolli-Valle et al.1995, Baracat-Pereiraet al.1997)

and genetically (Fernandes-Salomãoet al. 1996). At
present, three isoforms can be detected during the par-
tial purification of PG produced byP. griseoroseum.
Preliminary molecular studies conducted in our lab-
oratory have shown that PG genes from this fungus
are differentially expressed depending on the nature of
the carbon source present in the growth medium. One
of our goals is to obtainP. griseoroseumstrains that
secrete large amounts of PG using alternative carbon
sources as inducers, so that the enzymatic process can
be economically attractive to the textile industry.

Initially, a heterologous transformation system
was developed for genetic studies ofP. griseoroseum
(Queirozet al. 1998). We are now cloning and char-
acterizing genes encodingP. griseoroseumpectinases.
Here we report the cloning and characterization of a
polygalacturonase gene (pggI) from P. griseoroseum.

Materials and methods

Isolation of genomic clones

Genomic DNA fromPenicillium griseoroseumwas
extracted and partially cleaved withSau3A and frag-



396

ments ranging from 15 to 20 kb were cloned into
the λEMBL3 vector (Stratagene, USA). To screen
the library, a 400-bp fragment fromP. griseoro-
seumwas used. This fragment, which is part of a
conserved region present in genes encoding PG in
different species, was PCR amplified using the ge-
nomic DNA from P. griseoroseumas template. The
primers and PCR conditions were the same employed
by Cary et al. (1995). Plaque lifts were prepared as
described by Benton & Davis (1977). Hybridization
was performed in 5× SSC (1× SSC is 0.15 M
NaCl plus 0.015 M trisodium citrate, pH 7.6)/0.5%
SDS/Denhardt’s reagent and 100µg salmon sperm/ml
at 65 ◦C for 18 h. Filters were washed once in 4×
SSC/0.1% SDS, twice in 2×SSC/0.1% SDS and once
in 1 × SSC/0.1% SDS at 63◦C. The identities of
the positives clones were confirmed by hybridization
with plasmid pCC2 that harbors the endoPG gene from
Fusarium moniliforme(Caprariet al.1993). Recombi-
nant phage DNA was extracted according to Sambrook
et al. (1989).

Restriction mapping, subcloning and DNA
sequencing

The clones were mapped using the strategy of sin-
gle and multiple restriction enzyme digestions, fol-
lowed by Southern blot analysis. Genomic fragments
were subcloned into pUC18, according to standard
procedures (Sambrooket al. 1989). The nucleotide
sequence was determined by the dideoxynucleotide
chain-termination method (Sangeret al. 1977) using
the Thermo Sequenase dye terminator cycle sequenc-
ing pre-mix kit according to the recommendations of
the supplier (Amersham Life Science, USA).

Southern blot analysis

Genomic DNA (6µg) was digested with restriction
enzymes and subjected to electrophoresis on a 0.8%
agarose gel (Sambrooket al. 1989). DNA was trans-
ferred to a nylon membrane using 10× SSC as trans-
fer buffer. The membrane was probed with the 1.5 kb
XbaI fragment, labeled with d-UTP fluorescein (Strat-
agene, USA). Hybridization and washes were carried
at 65◦C. The filter was washed once in 2× SSC/0.1%
SDS, once in 1× SSC/0.1% SDS and twice in 0.1×
SSC/0.1% SDS.

Results and discussion

The titer of the genomic library was 1.13 × 106

p.f.u./ml. About 60,000 plaques were analyzed and six
positives clones were detected. Two clones (λPG25
andλPG31) were selected for further analyses based
on their restriction patterns. TwoXbaI fragments of
2.2 kb and 1.5 kb derived fromλPG25 andλPG31, re-
spectively, hybridized with the 400-bp probe, and were
subcloned into pUC 18. The clones were nominated
pPG15 and pPG21, respectively.

The complete sequence of the 1.5 kbXbaI frag-
ment was determined (Figure 1). A putative TATA box
(TATATAA) was found at position−96. The sequence
surrounding the translation start codon (AGCATGG)
resembles the consensus sequence reported for higher
eukaryotes normally found at this site (Kozak 1984).
The coding region consists of 1251 bp potentially
encoding a protein of 376 aa, after splicing of the
putative introns. The existence of two introns (57 bp
and 66 bp) was deduced based on sequence agree-
ment with fungal 5′ and 3′ splice consensus se-
quences, GTANGT and PyAG, respectively (Gurr
et al. 1987). The internal intron recognition sequence
is also present in both introns (NPuCTPuAC) and the
intron sizes coincide with those reported for other
filamentous fungi (Rambosek & Leach 1987). Addi-
tionally, in-frame stop codons were observed in both
introns.

The pggI deduced amino acid sequence has a po-
tential N-glycosylation site found at amino acid 307.
This feature is also found in other sequenced PG genes
(Ishidaet al.1997, Parenicováet al.1998).

Comparison of deduced amino acid sequences
of endoPG from Penicillium griseoroseum, Col-
letothrichum lindemuthianum, Cochliobolus car-
bonum, Sclerotinia sclerotiorum, Penicillium jan-
thinellum, Aspergillus flavus, A. parasiticusand A.
niger is shown (Figure 2).Penicillium griseoroseum
PG shares 64% amino acid identity with PG from
P. janthinellum, C. carbonumand C. lindemuthi-
anum. Amino acid identity of 61% was found between
P. griseoroseumPG and theAspergillusspecies men-
tioned above.P. griseoroseumPG showed the highest
degree of identity (67%) with PG fromS. sclero-
tiorum. The specific sequence for fungal pectinases
CXGGHGXSIGSVG (Centiset al. 1996) was also
found in the amino acid sequence ofpggI.

The pggI gene was used to probe genomic DNA
of P. griseoroseumcleaved with different enzymes
(Figure 3). Restriction with five different enzymes
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Fig. 1. Nucleotide and deduced amino acid sequence of thePenicillium griseoroseumendopolygalacturonasepgg1 gene. Putative TATA box is
in bold characters and underlined. ATG initiation codon and TAA stop codon are boxed and in bold characters. Putative introns are in lower case.
A putative N-glycosilation site (∗) is indicated. The nucleotide sequence data reported in this paper was deposited in the GenBank Database
under accession No. AF085238.
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Fig. 2. Comparison of the deduced amino acid partial sequences of endopolyglacturonases produced by several fungi. The conserved domain
of eight polygalacturonases is shown in bold characters.Penicillium griseoroseum, P. janthinellum(Ishidaet al. 1997),Colletotrichum linde-
muthianum(Centiset al.1996),Cochliobolus carbonum(Scott-Craiget al.1990),Sclerotinia sclerotiorum(Reymondet al.1994),Aspergillus
flavus(Whiteheadet al. 1995), A. parasiticus(Cary et al. 1995), andA. niger (Parenicov́a et al. 1998). Identical (∗) and conserved (.) aa
substitutions are indicated. Alignments were performed using the CLUSTAL software program (IntelliGenetics).
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Fig. 3. DNA hybridization analysis of genomic DNA ofPenicillium
griseoroseumprobed withpggI gene, labeled with d-UTP fluores-
cein (Stratagene, USA). Genomic DNA (6µg) was digested with
EcoRI (1), KpnI (2), SacI (3), SalI (4) andXbaI (5).

produced one or two hybridizing fragments each, sug-
gesting that there is only one copy of thepggI gene
in the fungal genome. Restriction sites forKpnI and
SalI in the coding region ofpggI (Figure 3, lanes 2
and 4, respectively) was seen by restriction mapping as
well as sequencing. Weak hybridizing signals present
in all lanes (Figure 3) were assumed be due to the
presence of other putative PG gene(s). To confirm this
hypothesis, the same membrane was probed with sub-
clone pPG15 demonstrating that these signals become
considerably stronger. Partial sequencing analysis of
a 2.2 kbXbaI fragment derived from subclone pPG15
revealed extensive homology with several fungal en-
doPG. However, it is certainly not identical to thepggI
gene (data not shown).
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