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Abstract

A conserved region of a polygalacturonase (PG) gene Renicillium griseoroseurwas PCR amplified and used

to screen a genomic library from this fungus. The nucleotide sequence of the isolatedpdghednsisted 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 nurmpggriofthe

P. griseoroseurgenome, probably one or two copies.

Introduction and genetically (Fernandes-Salon&al. 1996). At
present, three isoforms can be detected during the par-

Pectinases degrade the major constituent found in thetial purification of PG produced bl. griseoroseum

middle lamela and primary cell walls of plant cells. Preliminary molecular studies conducted in our lab-

Fungal pectinases used in the food industry for clari- oratory have shown that PG genes from this fungus

fication of fruit juices and wines, liquefaction of fruit  are differentially expressed depending on the nature of

and vegetable pulps (Manachigi al. 1988, Aguilar the carbon source present in the growth medium. One

& Huitron 1986, Grassin & Faugquembergue 1996). of our goals is to obtaifP. griseoroseunstrains that

Researches have been conducted to obtain pectinassecrete large amounts of PG using alternative carbon

overproducing strains of filamentous fungi which can sources as inducers, so that the enzymatic process can

be used in the textile industry for degumming of nat- be economically attractive to the textile industry.

ural fibers extracted from flax, jute, and ramie (Sharma Initially, a heterologous transformation system

1987, Fernandes-Salomébal. 1996). The enzymatic = was developed for genetic studiesifgriseoroseum

degumming of natural fibers is less polluting than the (Queirozet al. 1998). We are now cloning and char-

chemical process normally used, and it reduces the useacterizing genes encodiiRy griseoroseurpectinases.

of chemicals and energy (Sharma 1987). Here we report the cloning and characterization of a
The use of fungal pectinases in the textile indus- polygalacturonase genpdd) from P. griseoroseum

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 Materials and methods

Penicillium, P. griseoroseunand P. expansumhave

been selected in our laboratory based on their pecti- Isolation of genomic clones

nase production (Baracat al. 1989). These species

have been extensively studied both physiologically Genomic DNA fromPenicillium griseoroseunwas

(Picolli-Valle et al. 1995, Baracat-Pereigt al. 1997)  extracted and partially cleaved wialBA and frag-
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ments ranging from 15 to 20 kb were cloned into Results and discussion

the AEMBL3 vector (Stratagene, USA). To screen

the library, a 400-bp fragment fron®. griseoro- The titer of the genomic library was.13 x 10°
seumwas used. This fragment, which is part of a p.f.u./ml. About 60,000 plaques were analyzed and six
conserved region present in genes encoding PG inpositives clones were detected. Two cloneB®&25
different species, was PCR amplified using the ge- andAPG31) were selected for further analyses based
nomic DNA from P. griseoroseunas template. The on their restriction patterns. Twxba fragments of
primers and PCR conditions were the same employed 2.2 kb and 1.5 kb derived fronPG25 and.PG31, re-

by Caryet al. (1995). Plaque lifts were prepared as spectively, hybridized with the 400-bp probe, and were
described by Benton & Davis (1977). Hybridization subcloned into pUC 18. The clones were nominated
was performed in 5x SSC (1x SSC is 0.15 M pPG15 and pPG21, respectively.

NaCl plus 0.015 M trisodium citrate, pH 7.6)/0.5% The complete sequence of the 1.5 Xbd frag-
SDS/Denhardt’s reagent and 100 salmon sperm/ml  ment was determined (Figure 1). A putative TATA box
at 65°C for 18 h. Filters were washed once inx4 (TATATAA) was found at position-96. The sequence
SSC/0.1% SDS, twice inR SSC/0.1% SDS and once  surrounding the translation start codon (ASKS G)

in 1 x SSC/0.1% SDS at 63C. The identities of resembles the consensus sequence reported for higher
the positives clones were confirmed by hybridization eukaryotes normally found at this site (Kozak 1984).
with plasmid pCC2 that harbors the endoPG gene from The coding region consists of 1251 bp potentially

Fusarium moniliforméCaprariet al. 1993). Recombi- encoding a protein of 376 aa, after splicing of the
nant phage DNA was extracted according to Sambrook putative introns. The existence of two introns (57 bp
et al.(1989). and 66 bp) was deduced based on sequence agree-
ment with fungal 5 and 3 splice consensus se-
Restriction mapping, subcloning and DNA guences, GTANGT and PyAG, respectively (Gurr
sequencing et al. 1987). The internal intron recognition sequence

is also present in both introns (NPUCTPUAC) and the
The clones were mapped using the strategy of sin- intron sizes coincide with those reported for other
gle and multiple restriction enzyme digestions, fol- fjlamentous fungi (Rambosek & Leach 1987). Addi-
lowed by Southern blot analysis. Genomic fragments tionally, in-frame stop codons were observed in both
were subcloned into pUC18, according to standard jntrons.
procedures (Sambroc}kt al. 1989) The nucleotide The pgg deduced amino acid sequence has a po-
sequence was determined by the dideoxynucleotidetential N-glycosylation site found at amino acid 307.
chain-termination method (Sangetral. 1977) using  This feature is also found in other sequenced PG genes
the Thermo Sequenase dye terminator cycle sequencq|shidaet al. 1997, Parenicovét al. 1998).
ing pre-mix kit according to the recommendations of Comparison of deduced amino acid sequences

the supplier (Amersham Life Science, USA). of endoPG from Penicillium griseoroseum Col-
_ letothrichum lindemuthianum Cochliobolus car-
Southern blot analysis bonum Sclerotinia sclerotiorum Penicillium jan-

. di d with - thinellum Aspergillus flavus A. parasiticusand A.
Genomic DNA (6u9) was digested with restriction niger is shown (Figure 2)Penicillium griseoroseum

enzymes arlld SUbj;Ct;? t? electrophoresis on a 0'S%PG shares 64% amino acid identity with PG from
agarose gel (Sambroai al. 1989). DNA was trans- P. janthinellum C. carbonumand C. lindemuthi-

;errsdf:o aani/Ion mekl;nbrane using sogschashtralng-kb anum Amino acid identity of 61% was found between
er bufter. The membrane was probed with the 1. P. griseoroseun®G and théAspergillusspecies men-

Xbal fragment, Iabe!eq Wi.th d-UTP fluorescein (Stra_t- tioned aboveP. griseoroseun®G showed the highest
agene, USA). Hybridization and washes were carried degree of identity (67%) with PG frors. sclero-

at 65°C. The filter was washed once in2SSC/0.1% tiorum. The specific sequence for fungal pectinases

SDS, once in 1 SSC/0.1% SDS and twice in 0 cxGGHGXSIGSVG (Centiset al. 1996) was also
SSC/0.1% SDS. found in the amino acid sequencepgg.
The pgd gene was used to probe genomic DNA
of P. griseoroseunctleaved with different enzymes
(Figure 3). Restriction with five different enzymes
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TCCAGTTCGTTTCAGGATGAACCGTAGAGGTATATAAGACTCCCCTCGTCTGCTCTTTGC ~-73
TTGARAATCATAAACAAACCATCACACTCTTTTAAAACCCCACATTCATTTCTATTTCAT -13

ATTTTCTTTATCATGGCCTCCAGTCTCAAACTTGGCTTGATTGCCCTACTCGGTGCGACT 48
M A $ $ L K L G L I AL L G A T 16

GCTGTCAACGCAGCTCCCGCCGCTGAGCCCGTTCTTGGAACCTCTCTCCTTACTTCTCGT 108
A V N A A P A A E P VL GG T S L L T S R 36

GCTTCTTGTACCTTCTCCGGCTCCAGCGGTGCTGCGGAAGCCATCAAGAGCAAGACCTCT 168
A s C T F S G 8§ 5 G A A E A I K S K T 8 56

TGCTCAACCATTACCCTGAGCAACGTCGAAGTCCCGGCCGGAACTACTCTGGACCTGACA 228
¢c s T 1 T L s NV E V P A G T T L D L T 76

GGACTCAAGTCCGGTACCACgtaagctcatcacgatctccaacctcaaatcteccatacta 288
G L K S G T T 83

aaccttatctcgcatagCGTCATCTTCGAAGGRACCACCACCTTCGGTTACAAGGAATGG 348
v I F E G T T T F G Y K E W 97

GAAGGTCCTCTGGTCTCCGTCTCCGGARCCTCCATCACCGTCCAGGGTGCCTCAGGCGCG 408
E G P L V $V S G T S I TV Q9 G A S G A 117

CAGCTCAACGGTGATGGTGCCCGCTGGTGGGACGGCAAGGGAACCAACGGCGGCAAGACC 468
Q L N G D G A R W W D G K GG T N G G K T 137

AAGCCCAAGTTCTTCTACGCTCACAGCTTGACCAACTCCAAGATCGAGAACATCTACATC 528
K P K F F Y 2 H S L T N S K I E N I Y I 157

AAGAACTCCCCCGTGCAGGTCTTCAGCATCAACGGCGCCAAGGAGCTGACTCTTAGCGGA 588
K N S P V Q V F § I NG A K E L T L 858 G 177

ATCACCGTCGARCACCGCTGACGGCGATAGCAACGGCGGCCACAACACCGACGCTTTCGAC 648
I T v b T ADGUD S NG G HNTD A F D 197

GTCGGCTCCAGCAACGGTGTCTACATCACCAGCCCTATCGTCCACAACCAGGATGACTGC 708
v 6 8§ $s N GV Y I T s P I V H N © D D C 217

CTGGCTGTCAACTCCGGCACTgtatgtacataccgacaaattgggacttatcttatttca 768
L A V N S G T 224

tgaactttaactaactgatattcccagAACGTCCACTTCACTGGCGCTCAGTGCACTGGC 828
N V H F T G A ¢ C T G 235

GGCCACGGTATCTCCATCGGCTCCGTCGGTGGACGCTCCGACAACACCGTTGACGGTGTC 888
G H G I §$s 1 66 S V G G R S DNTV D G V 255

ACCGTCGAGAGCTGCACCATCAAGGACTCCGACAACGGCGTCCGCATCAAGACCGTCTAC 948
T vV Es$ ¢c T I K D S D N G V R I K T V Y 275

GGCGCCACCGGTACAGTCCAAGGCGTCACCTACARGGACATCACTCTTTCCGGAATTGCC 1008
G A T G TV Q GGV T Y K DI T L S8 G I A 295

AAGTACGGTATCGTCATCGAGCAGGATTACGAGAACGGTAGCCCTACCGGAACCCCCACC 1068
K vy 6 1 v IE ¢ DY E NG S P T G T P T 315
*

AGCGGTGTCCCCATTACCGACTTGACCCTCGACAACGTCCACGGAACTGTCGCCAGCAGT 1128
s 6 v p I T DI L T L D NV H G T V A S 3 335

GGTGTCGATACCTACATCCTGTGTGCTTCTGGTGCTTGCTCCGACTGGTCTTGGAGCGGC 1188
G v opDTY I L CAS G A C S D W S W S G 355

GTTAGCATCACCGGTGGTCAGACTAGCAAGAAGTGCAAGGGTATTCCCAGCGGTGCTAGC 1248
v s 1 T 6 66 @ T 8§ K K C K G I P S G A s 375

TGCEE;%TTCTGCGAATTTTGAGTCGGACTGTGTAGGCCTTTTTAACTCTTTTAATTGGG 1308
C 376

GTTTTTGTTGTCTACTTGTTACCCACCCCGTTGTGTATACTATTTTCCCCACTGGCAA 1366

Fig. 1. Nucleotide and deduced amino acid sequence dPémcillium griseoroseurendopolygalacturonageggl 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 sitex) is indicated. The nucleotide sequence data reported in this paper was deposited in the GenBank Database
under accession No. AF085238.
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ELTLSGITVDTADGDSNGGHNTDAFDVGSSNGVYITSPIVHNQDDCLAVNSGTNVHFTGA
NLIIDGVTIDNSDGDENGGHNTDGFDISESTGVTIRNAVVKNOQDDCIAINSGONIYFTGG
NLGVYDVSVDNSAGDSAGGHNTDAFDVGSSTGVYISGADVKNQDDCLAVNSGTNITFTGG
GLTLDRITIDNSAGDSAGAHNTDAFDIGSSSGITISNANIKNQDDCVAINSGSDIHVTNC
GLTLSGITIDNSAGNSLG-HNTDAFDVGSSTDITISGANVONQDDCLAINSGTGITFTGG
NLNITDVTIDNSAGTAEG-HNTDAFDVGSSTYINIDGATVYNQDDCLAINSGSHITFTNG
NLNITDVTIDNSAGTAEG-HNTDAFDIGSSTYINIDGATVYNQDDCLAINSGSHITFTNG

YLTMEDITIDNTDGDDGEAANTDGFDIGDSTYITITGANVYNQDDCVAVNSGENIYFSGG

* * * * %k x  kk * * *hkkkk ok Kdkk

QCTGGHGISIGSVGGRSDNTVDGVTVESCTIKDSDNGVRIKTVYGATGTVQGVTYKDITL
TCSGGHGLSIGSVGGRDDNTVKNVTITDSTVIDSANGVRIKTVYDATGSVSDVTFSDITV
TCSGGHGLSIGSVGGRKDNVVKSVSITNSKIINSDNGVRIKTVAGATGPVSDITYSGITL
QCSGGHGVSIGSVGGRKDNTVKGVVVSGTTIANSDNGVRIKTISGATGSVSDITYENITL
TCSGGHGLSIGSVGGRSDNVVSDVIIESSTVKNSANGVRIKTVLGATGSVSGVTYKDITL
YCDGGHGLSIGSVGGRSDNTVEDVTISNSKVVNSQNGVRIKTVYDATGTVSNVKFEDITL
YCDGGHGLSIGSVGGRSDNTVEDVTISNSKVVNSQNGVRIKTVYGATGTVSNVKFEDITL

VCSGGHGLSIGSVGGRSDNTVKNVTFYDSDIKSSQNGVRIKTIYGDTGSVSEVIYKEITL

* kkkk kkkhkhkkkk K*k Kk * L d ko k ok ** Kk * *

SGIAKYGIVIEQDYENGSPTGTPTSGVPITDLTLDNVHGTVASSGVDTYILCASGACSDW
SGITDYGIVIEQDYENGSPTGTPTSGVPITDLTVKGITGSVESDAVEVYILCGDDACSDW
SNIAKYGIVIEQDYENGSPTGKPTSGVPISGLTLSKISGSVSSSATPVYILCA--SCTNW
KNIAKYGIVIEQDYLNGGPTGKPTTGVPITGVTLKNVAGSVTGSGTEIYVLCGKGSCSGW
SGITSYGVVIEQDYENGSPTGKPTSGVPITGVTLSNVHGTVSSSATNVYVLCA--KCSGW
SGITKYGLIVEQDYENGSPTGTPTNGIKVSDITFDKVTGTVESDATDIYILCGSGSCTDW
SGITKYGLVVEQDYENGSPTGTPTNGITVSGITFEKVTGTVESDATDIYILCGSGSCTDW

SDITDYGIVVEQNYDDTSES~~-PTDGITIEDFVLDNVQGSVESSGTNIYIVCGSDSCTDW

* * k **x K * k% *  x * * * *
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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 charactesicillium griseoroseun®. janthinellum(Ishidaet al. 1997), Colletotrichum linde-
muthianum(Centiset al. 1996),Cochliobolus carbonur{Scott-Craiget al. 1990),Sclerotinia sclerotiorum(Reymondet al. 1994),Aspergillus

flavus (Whiteheadet al. 1995), A. parasiticus(Cary et al. 1995), andA. niger (Parenico® 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 &fenicillium
griseoroseunprobed withpgd gene, labeled with d-UTP fluores-
cein (Stratagene, USA). Genomic DNA (&) was digested with
EcaRl (1), Kpnl (2), Sad (3), Sal (4) andXbd (5).
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