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ABSTRACT

The gene encoding cellobiose dehydrogenase from Phanerochaete chrysosporium K3 was isolated through PCR and
its 3045 bp nucleotide sequence determined. Two distinct 5’ flanking sequences were identified by Southern blot
hybridization, both having a common 650 bp region, but one of them interrupted by a 2657 bp transposon-like
element located at 425 bp upstream from the initial ATG. This element, named Pcc2, carried 14 bp inverted termi-
nal repeats while lacking the conserved transposase motif it is flanked by a 2 bp (GT) target duplication site and is
present at a high copy number throughout the P chrysosporium K3 genome.
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RESUMEN

El gen codificante de la celobiosa deshidrogenasa de Phanerochaete chrysosporium K3 fue aislado mediante PCR y
se determiné la secuencia nucleotidica de sus 3045 pb. Mediante hibridacién por Southern blot se identificaron dos
regiones 5’ no codificantes diferentes, ambas contenian una regién comun de 650 pb, pero una de ellas estaba
interrumpida por una secuencia de 2657 pb con caracteristicas similares a un transposén. Este elemento, que se
denominé Pcc2, estd localizado a 425 pb del ATG de iniciacién y contenia una secuencia de 14 pb repetida e invertida,
sin embargo carecia del motivo conservado de las transposasas. El elemento estd flanqueado por un sitio blanco de
duplicacién de 2 pb (GT) y estd presente en un alto nimero de copias en el genoma de P. chrysosporium K3.

Palabras claves: celobiosa deshidrogenasa (CDH), gen, Phanerochaete chrysosporium, transposén

Introduction

The white rot fungus Phanerochaete chrysosporium
is one of the most efficient wood degrading fungi yet
identified [1, 2]. In the last ten years this microorga-
nism has been extensively characterized for biotech-
nological approaches based on a selective degrada-
tion of lignin and aromatic pollutants [3, 4].

In P. chrysosporium the enzymatic systems re-
quired for degradation of wood components, cellu-
lose, hemicellulose and lignin, are complex and seem
to act synergistically [5]. The cellobiose dehydroge-
nase (CDH) enzyme is one interesting element of this
degradation system and it is secreted during the in-
duction of the P. chrysosporium cellulolytic system
[6]. CDH is a hemoflavoprotein which oxides cello-
biose and higher cellodextrins to their correspond-
ing lactones. Molecular oxygen may function as an
electron acceptor producing hydrogen peroxide, but
other compounds like quinones, ferricyanide and
triodide ions are better [7]. The biological function
of CDH is unknown, but several suggestions have
been presented [8, 9].

Substantial variation has been observed among
P. chrysosporium strains [10]. Here, during the iso-
lation of the CDH promoter region, we detected an
inserted DNA fragment which seems to be a
transposon-like element. Transposable elements
(TEs) are ancient and ubiquitous components of fun-
gal genomes [10] and make up a substantial propor-
tion of the total DNA in most, if not all, eukaryotic
genomes [11]. Some of these elements have been
shown to actively affect gene structure and function
in several ways: inactivation of gene expression upon
insertion, modification of the nucleotide sequence
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through excision, and probably by inducing exten-
sive chromosomal rearrangements [10]. There are two
main classes of TEs: the retrotransposons, that trans-
pose through a process involving reverse transcrip-
tion, and the transposons that move by an excision-
insertion mechanism [11]. Retroelements have been
found in a number of fungal species: Foret 1 in
Fusarium oxysporum [12], Tad in Neurospora crassa
(the first tranposable element reported in fungi) [13],
Grasshopper, MGR583 and MAGGY in Magnaporthe
grisea [14-16] and Boty in Botrytis cinerea [17]. How-
ever, DNA transposons have only recently been found:
Fotl and other DNA elements were identified in
F oxysporum [18-20], Pot2 and MGR586 in M. grisea
[21,22], Antl in Aspergillus niger [23] and Pcel from
P. chrysosporium [24].

CDH c¢DNA, genomic sequence and the deduced
protein primary structure have been published [25-27].
Here we report the isolation of the 5° non-coding re-
gion of the CDH gene and the identification of a
transposon like-element inserted in this region.

Experimental procedures

Strains and plasmids

P. chrysosporium strain K3 was used in this study
[28]. Escherichia coli strain DH5a (Bethesda Re-
search Laboratories) was employed as the host for
plasmids pBluescript SK (Strategene) and pT7BlueR
(Novagen). E. coli was propagated in liquid or on
solid Luria-Bertani medium at 37 °C. The plasmid
pBluescript KS carrying the CDH ¢DNA [25] was
used as a template in the PCR reaction.
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Gene isolation

For the isolation of chromosomal DNA, 10®spores of
P. chrysosporium were inoculated in liquid YPG me-
dium (1% yeast extract, 2% bacto-peptone and 2%
glucose, pH 5) at 37 °C for 48 hours. The mycelium
was harvested, washed with water and the genomic
DNA extracted as described by Raeder and Broda
[29]. Primers located 5° (forward, 1F- 5°GCTTC
GGTCGAGTTCACGATGCT) and 3’ (reverse, 4R-
5’CAGCCCCGAGGACAGTAAT ATAAAG) to the
translational start and stop codons, respectively, from
the cDNA CDH sequences were used to isolate the ge-
nomic gene through PCR, using 100 ng of the genomic
DNA as the template. The PCR conditions were 100
mM Tris.HC! (pH 8.3), 500 mM KCl, 1.5 mM MgCl,,
200 mmol of each deoxynucleotide triphosphate,
100 pmol of each primer and 2.5 U of Taq polymerase
(Promega) in a final volume of 50 mL. The PCR reac-
tion was carried out using the following program: 3 min
at 94 °C, 1 min at 62 °C and 3 min at 72 °C, followed
by 30 cycles of 1 min at 94 °C, 1 min at 62 °C and 3
min at 72 °C and a final extension step of 7 min at
72 °C. Finally, the PCR product was gel extracted by
using the QIAEX II Agarose Gel Extraction kit
(QIAGEN) and ligated to pT7Blue vector (Novagen).
DH5a transformants were selected on LBA plus IPTG
and Xgal, and a recombinant plasmid, pT7CDH, was
chosen for sequencing.

DNA methods

DNA manipulations, including restriction digests,
agarose gel electrophoresis, ligations, transformations
of E. coli, and plasmid minipreparations were per-
formed essentially as described by Sambrook, et al.
[30], the molecular weight markers were labeled with
dCTP* according to standard procedures.

Probe synthesis

The probes used in the Southern blot hybridization
experiment were generated by PCR using the primers
1F and 4R for probe 1 and 1F-R6 (reverse, S’CTGG
CTAGTGACGTCGAT) for probe 2. In both PCR re-
actions the pBluescript plasmid carrying the CDH
c¢DNA was used as the template. Plasmid pBS3.6 (de-
scribed bellow) was used as the template and primers
Pp6 (forward, 5’°CTAGGCACTGCCG ATAG)- Pp7
(reverse, S’GCACTACTTAC ATTGTG) for the syn-
thesis of probe 3. Ten nanograms of each plasmid were
subjected to 30 cycles of amplification by PCR under
the same reaction conditions as described above.
Probes were generated from gel-purified DNA frag-
ments by random-primer dCTP?*? Jabeling with the
Rediprime kit (Amersham Life Science).

Isolation of 5’ upstream ATG region

Ten micrograms of genomic DNA from P. chrysos-
porium were taken and digested with several re-
striction enzymes. The digestion products were sepa-
rated by agarose gel electrophoresis, transferred to
a nylon membrane (Biodyne A transfer membrane,
Pall Biosupport membranes) and hybridized with
probe 1 and with probe 2 in order to identify the
zone corresponding to the promoter region. Between
the two hybridizations the filter was stripped for
the removal of the probe. Hybridization was per-
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formed in 6X SCC, 25% formamide, 5X Denhart’s,
10% dextran sulphate and 0.1% SDS at 65 °C. The
filter was washed twice in 2X SCC, 0.1% SDS and
once in 0.2X SSC, 0.1% SDS at room temperature,
following a wash with the last solution, for 15 min
at 60 °C. DNA fragments of about 1.2 and 3.6 kb
size ranges from the BamH I-EcoR V digestion were
gel excised and the DNA recovered using the QIAEX
II Agarose Gel Extraction kit. The gel-purified frag-
ments were ligated into EcoR V-BamH I pBluescript
KS and the ligation products were used to trans-
form the E. coli DH5a strain. Approximately 450
and 530 transformant colonies were screened for plas-
mids containing the 1.2 or 3.6 kb fragments, respec-
tively, of probe 1 [30]. Two plasmids containing the
predicted 1.2 and 3.6 kb inserts were selected and
named pBS1.2 and pBS3.6 respectively.

In order to identify the insertion occurring in the
genome, the same previously used membrane was
stripped and re-hybridized with a 2 Kb fragment from
pBS3.6 (probe 2), using the hybridization conditions
described above.

DNA sequence analysis

Double-stranded sequencing of the pBS1.2, pBS3.6,
pT7CDH inserts were performed by the dideoxy-
nucleotide chain termination method [31] with
Sequenase version 2.0 modified T7 DNA poly-
merase (United States Biochemical). Primers
(Pharmacia) were used to walk progressively along
both DNA strands. DNA and protein sequences were
analyzed and compared with sequences from the
GenBank database using the BLAST [32] or FASTA
[33] sequence analysis program. The nucleotide 5’
upstream region sequence data will appear in the
EMBL Nucleotide Sequence Database under the ac-
cession number X97832.

Results and Discussion

Isolation of the CDH gene from
P chrysosporium K3

The CDH gene was isolated through PCR by using
the primers located at 5’ and 3’ region of the CDH
c¢DNA (see Experimental procedures). The gene se-
quence was similar to the previously published cDNA
sequence of this fungus [25], and it corresponds ex-
actly to the cDNA sequence reported by Li, et al.
[26], but showing thirteen interruptions of the open
reading frame by short introns.

In order to isolate the 5'non-coding region, the ge-
nomic DNA was digested with several restriction en-
zymes and hybridized in a Southern blot (Figure 1B).
We used two specific CDH probes: probe 1 covering
all the CDH ¢DNA and probe 2 which spans 670 bp in
the 5’ region of the CDH cDNA (Figure 1A). The
BamH T site is located at 614 bp in the genomic clone,
within the fourth intron, therefore two fragments or a
single fragment longer than 614 bp should be expected
when the total DNA is digested to completion with
BamH I and hybridized to probe 1 or 2, respectively,
provided that only a single.copy of the gene exists in
this organism. Howevet, in the Southern blot experi-
ment three fragments of 1.5, 4.1 and 8.0 kb were ob-
served when hybridization was carried out with probe
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lane 3) of which, only the 1.5 and 4.1 kb fragments were
detected with probe 2 (Figure 1 BI], lane 3).

Two fragments of similar sizes were observed, us-
ing EcoR I (lane 4), EcoR V (lane 5) and Xba I (lane
6) restriction enzymes and both probes in the hybrid-
ization. Since the gene does not have internal cut sites
for these enzymes, it seems probable that these frag-
ments represent two copies of the CDH gene in P. chry-
sosporium K3.

As shown by digestion with Sal I, which cuts the
gene three times, four different size fragments (1.8,
2.5, 2.6 and 4.8 kb) were detected using probe 1 (Fig-
ure 1BI, lane 7), and an expected smaller fragment of
290 bp was observed after 48 hours of exposure. The
1.8 kb fragment appeared at double intensity, which
together with the 2.5 and 4.8 kb fragments were de-
tected after hybridizing with probe 2 (Figure 1BII, lane
7), suggesting that the two copies show no differences
from the central to the 3’ terminal part of the gene.

Genomic DNA was subjected to double digestion
with several pairs of restriction enzymes, and results of
hybridization of the resulting fragments with both probes
are shown in Figure 1B, lanes 8-11. This analysis clearly
established that there were no differences between the
two copies in the coding and 3’ flanking regions, and it
shows that all differences occur within the 5’ flanking
region. A difference of about 2.6 kb was observed us-
ing all the restriction digestions (see for example Fig-
ure 1BII, lanes 3, 7, 10, 11 and 12), except with EcoR
I-Hind 111 digestion (lane 13).

On the basis of these results, a restriction map of
the CDH gene and the flanking regions was constructed
(Figure 1A). In order to isolate the two 5’ upstream
regions the 1.2 and 3.6 kb fragments obtained from the
BamH 1-EcoR V digestions were gel extracted and
subcloned in the pBluescript plasmid, the resulting plas-
mids were named pBS1.2 and pBS3.6, respectively.
The sequence analysis shows that there were no dif-
ferences in 650 bp of the 5’ region of the coding region
and in the first 425 bp upstream the ATG. However, an
inserted sequence was detected only in the pBS3.6 plas-
mid, followed by the same nucleotide sequence in both
plasmids.

Recently, Li, et al. reported that cellobiose dehydroge-
nase from P. chrysosporium OGC101 is encoded by two
allelic variants, named cdh-! and cdh-2 [27]. The cDNA
and genomic sequence reported by us coincided with the
sequence of cdh-2, as well as the previous cDNA se-
quence reported by Li, et al., except the inserted sequence
found in the 5’ upstream region of the CDH gene in strain
K3 [26].

Sequence analysis of the insertion region

Sequence analysis of the two isolated 5° flanking re-
gions of the CDH gene revealed a 2.6 kb insertion ata
GT site in one of them, 425 bp upstream of the ATG
codon (Figure 1A). The complete sequence of the in-
sertion was determined (Figure 2). An element was
identified that contains perfect inverted terminal repeats
(ITRs) of 14 bp.

The element was flanked on both sides by a GT di-
nucleotide, only one copy of which occurs at the corre-
sponding site in the 5’ upstream ATG region of the gene
without the insertion, suggesting a duplication of the
target site formed during the insertion.
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Figurel. A: schematic diagram of the CDH gene (open box) with 5’ and 3’ flanking regions (line),
introns (solid box) and restriction sites BamH | (B), EcoR | (El), EcoR V (EV), Xba | (X), Pst | (P), Sal |
(S) and Hind Ill (H). The triangle represents a 2.6 kb insertion. Labeled horizontal bars beneath the
maps identify the regions that correspond to probes used in Southern blot hybridization. B: South-
ern blot analysis of genomic DNA from P chysosoorium K3. Genomic DNA was digested with BamH
I (lane 3), EcoR | (lane 4), EcoR V (lane 5), Xba | (lane 6), Sal | (lane 7), EcoR I-BamH | (lane 10),
EcoR V-BamH | (lane 11), EcoR I-Hind lll {lane 12), EcoR I-Pst | (lanel13). In lane 1 is the undigested
genomic DNA, in lane 14, 1 ng of the genomic gene isolated with primers 1F-4R (probe 1) as the
positive control. The DNA was electrophoretically separated on an 0.8% agarose gel, transferred to
a nylon membrane and hybridized to probe 1(l) or 2 (ll). Lanes T and 15 show the dCTP*? |abeled-
IDNA digested with Hind lll and Hind lll-EcoR |1, respectively. The same molecular weight markers
were run in lanes 8 and 9 and their sizes are shown in kb on both sides.

Certain features of the insertion sequence, such as
the presence of perfect terminal repeats and the dupli-
cation of the target site associated with the insertion
are common for many prokaryotic and eukaryotic
transposons [11, 34]. The insertion therefore is likely to
be a transposable element (which we named Pecc?2),
although this element does not contain a typical dinucle-
otide TA target duplication found in most of the fungal
transposons related to the Caenorhabditis elegans Tcl
element [35].

Transposons have been found in a number of fun-
gal species and classified in two main classes: class I
elements which transposes by reverse transcription
of an RNA copy of the element and class II which
transposes directly through DNA copies. Class I in-
cludes elements with lofig terminal repeats (LTR) as
Foret and skippy in F. oxysporum [12, 36], MAGGY
in M. grisea [16], Boty in B. cinerea [17] and Mars4
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7 17 27 37

GATATCT TCCGCGGCTC TGCCTTCGTG AAGTCATCTT

47 57 67 77 87 97 107

GTCACCTACA TCGGTGCCGT ATTCCCCAGT TCGAGCTTCC CCGTGGGGGA ACGTCGTGTA ACTCCGCACT

117 127 137 147 157 167 177

TCTTGGGCGA GTACCGTGTT CCTGGTTCAC CATTTTCAAT ATCAGTCACG TCTGAAAGCT CTTGTACACT
187 197 207 217 227 237 243

TCGATTCTGC CGAGGCTTTT GGTCGGGTTT ACGTCGGGCA ACGCCGCACA CCGCGTCGCC CTCGGT CAT

CAGCAAAAAAAAGACCGCTAGATCTAGCTAGGCCAGCGATGACCAGGCTACCAGAGCAGGTCAGCGCTTTCAGGCT
GGGATTGTAGTTGCCAGCTCAGACATGCGATCGATAAGCGTGACCATGCCCATCAGTCTGACACCATAGACCAGGC
TCGCCATCATGGTAAGCTAGATCAGGCATGGCCAGGGCTGGTAATGCCTGGCAAGCGGTGGCAGTTCCGGGCGCAC
TTTTGGGTTCGTTCGGCTGCTACTCGGGCTCATCCCATATATTTTAGACAATAAAATCGATTTATTCATCTGGATA
CAGTACAGTACACAAGTGGCTGGGTGACAARATGCAGAATAGAACAGACGGCTGGCTGTACCACATACTTGTGCCAC
CCACATGCTAGCCGTGCATGACGCTGATCATGCTAGACGGATGCTATACGCTAGGCACTGCCGATAGGGTTCGTTG
AAAGCTGAGCAGCATATAGGATACAGTGACGAACCTGTCAAAGGAAAAGACTGCTGCGCCTGCAAGTGGACATCAG
TACAAAAGGGTCAGAAAGCAGAGAGCTGATCACGTACATGCGCACAACCCTACATCCCAGGGTATCCTGTGTAGCA
CAGCAGGTCAGATGAGTAACAGGTAARATGTCGACCACCGTCTGCCAAATATTCTTACCTTTGCTCGCTGTCGGAAG
TCTGCGCATGGTCCGGGATCAGCAGCCGCATAAAGACGTTCTCGGACACTGTGTGCAGCACGGTCTGCGTGGCTGA
CAGCATGCCGTGAGCGTGGGAGAGGTGGGAAAGATGGGGAGGGCATGACGGGAAGTGGGGCGCACCTTGAGTCAGG
TCATCGTGTGCCCGGCAGCCAGACGTCCTCGTTCTGCCATGGGATGCGACGCCCGAAGCATGTGACGCCGACGACG
AACAGGGCGATCTTCCGGCCAAGGCGTGTGCCAATGTCCGGGGAGAGAGATGGACGCAAGTGAGCGCACGATCGGG
AAACAGGTGCAGGCGCGCGCACCAGGAGGGTGATGTCGACGTGGATCTCGGCACGCTTGCCCCAGACGTGAGTGAA
GAGGTCTTGAAGAATGAGGCGCGTCTCGTCCCACACGAGCTTGTTGTTCCGCTGCGCACGACCGCTCAGAAATGCA
GGGTCGACAGGGGACGGCACGAGGGCATACCTCAGAGAAAGCGGGCGCGGCGATCTTGCGGGACGGCTTCCAGTGC
TCGCCCTCGCTAGCGACGATGTTGCCGCCGAAGAAGGTGAGGATCTTGTACTGTTCTATCGATTTCGGAAAGCGCG
AACCATGTGTCGTATTTCCTGTAATGAAGATCAGTAGGAGTATGCAGCGGGGAGGGGGAATTGAACCATGATGACG
TCTGCGTCTGCGACATAGAAATTGGCGTTGCTCCCATGAACAGCAACCTGATGGGGCCTTTTGGTCAGCGGACGAG
CGGTCTGGCAGGAGATAACGCGCTCGGCAGCCACACTGCGGGGCATCGGGTATCCGTTGTTCTCGCAGTTGTGTGC
AATGGTTGCAAGCGTGTGCAGGGCGGGTCGATATATGCGTGGAATTGATGTTGTAATTTCATAATTTCATACACGC
GTACCGTAACTCTGCAGAACAAAGTCGAGAGCACCCTGTTAGCAGGGCAAACAGCAATAGGAATCTGATGGCGTAC
CTTAGAGTTGCCCCATAAATGCGCTGTCACCTGCACCAGCCCGCGCAACARAGAACAAGGCATTCCTCGTTGCGCA
TGATGTTTATCCTGAAGCTCGGCTTCGGAGTTCCACGCGATGGGGAGGCGGCTTGACAAGGCAGGGGCAATGTAGG
GGTGGGGAACATGGTGGTATGAGGCAGAGAGCAGGGCAGAGGGGACAGAGGATTTATATGCGTTGGAGATGGTCTT
TACTTCTCGGGCACTTCGACGTCATGTCTCCTTCCGTCTTGGGCATGACGCGTCAGTGTCACAGGTTTTGAAGTCC
TGGTAAGTAAAAACGTCACAGGTAAGTCACCATGTGACCGGGTAAGCCGTCAGGTTGTAAGGGTTGGCTTTTCTGC
TATGCACTAGCATCTCGAGCAAGTAACATGGGCAGAACAGCCGCAAACCTTTGCTTGGGCGAGATCGTTGACCACC
CGATACACTTAAGTAAGGTGTGTTTGTCACATTGTAGAGGTATGCAGATACATGCTATGTAGATGTCAGTGAGGCC
GACGAGGGGCCTGCTGTGTCAGCGTTCGCATGTGGCACATGCCACTGATATATGCGATTGCGGAGGCTGCCGTGCG
CATGCCACAGAACCATGAAACGTTTTAAGCTGCCTTTGCAACCCCGTTTCACAATGTAAGTAGTGCCCGACGATTG
AGCGTGCCCCGGACACGGTGCCAAAGTGAGGAGCTGGCCCATGTGCGCTTAGGAAGTAAGACGACGGTGAACTGTC
GATTACTGCTCATAAAAACTCATACAGATATTAAATCCCATCCATGACCTTACCAGGACGTTTCATGCCATGCAGC
ATCAGGATGACAAGCCATGGCCAGGCAATACCAGGCGATACCAGACTGGCGCGCCTTTGCCATTGCAGGTCAGCGC
247
TAGTCTGACTGGCGCCGCCTTGCCAGCCCTACCGTACCAGATCTGCGACCCATTTTTTTGCTGATGGT GGAA

257
GATAGCTGGC
327
CCTACGATTT
397
CGAGCGGGTA
467
CACGAATACA
537
GCCAATCTCT
607
AGCAAGCCCG

267
AACATCTGCA
337
TACCTCGGTG
407
CACGTATCCG
477
CATGTGCCAC
547
GAACATGGAT
617
CTTTAAAAAC

2717
CGGGCTCGCA
347
TTATCAACAA
417
ACGTGTCTCC
487
GACGTCCCTC
557
TTGTTTTCTC
627
CAGAGAGAGG

287
CCCCATGCTG
357
CGTCTGTCGC
4217
GCCGCGTCCG
497
TATAGCGGAT
567
AGCTGCCGGC
637
GCAGCAACAG

297
CTCACGCGCA
367
CTTTGCTTAC
437
TCAGCGAGCT
507
CTTTTTCTGC
577
ATATCTTCGC
647
CAGGCCAGGT

307
CCGTGAGGTA
377
CCTCATCACG
447
ACATTGCGCG
517
GTACCTCACG
587
CCGTCTCGGA
657
GCACTTCGGT

317
TTCTGGGCTT
387
ACCGTGATCA
457
CCCCGCCGGC
527
AGGACTGTCG
597
AAGAAAATAG
667
CGAGTTCACG

Figure 2. Nucleotide sequence of the insertion element (Pcc2) within the 5’ upstream regjon“of the plasmid pBS3.6. The
underlined sequences are the 14 bp inverted terminal repeats (ITRs). The numbered sequente cotresponds to the 5’ flanking
region of the CDH gene from the pBS1.2 plasmid. The nucleotide sequence has been deposited in the EMBL Nucleotide
Sequence Database under the accession number X98835.
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in Ascobolus immersus [37). Also several non-LTR
retrotranposons with structural features of long inter-
spersed fuclear elements have been characterized:
Tad in N. crassa [13), MGR583 in M. grisea [15],
Marsl in A. immersus [37] and others, but short in-
ters]persed nuclear like elements have been recognized
[10].

In class II some of the TEs ate tepresentative of
families described in other otganisms: impala [20] and
Antl in A. niger [23]. Others are members of a new
family described so far only in fungi (reviewed in 10),
this is the case for Fot! in E oxysporum [18], Pot2
and MGR586 in M. grisea [21, 22]. Other less-char-
acterized TEs are known that may represent new fami-
lies: Hop in F. oxysporum [19] and Pcel from
P. chrysosporium [24].

Pcc2 has several features which allow to classify
it as a transposon-like element, however with the data
we now have, it is not possible to find a homology
with either class 1 or class 2 of the described TEs
families. We isolated a 2 kb fragment (probe 3) by
PCR using specific primer oligonucleotides which cor-
respond to the sequence of this element. With this
probe and Southern hybridization, we found that this
insertion appeared in high copy numbers and randomly
dispersed within the genome of P. chrysosporium K3
(Figure 3), which is also a typical feature of a
transposon-like element.

A database examination and comparison of the
Pcc2 sequence revealed no extended open reading
frame and as in the first transposon-like element de-
scribed in P. chrysosporium (Pcel) shows no sig-
nificant homology with any known nucleotide or pro-
tein sequences.

Other transposons contain large open reading
frames which show similarity at the amino acid level
to the transposase motif conserved in the Tc/ super-
family [10], but many others such as the Fot/ from
F. oxysporum [18] and P. chrysosporium Pcel [24]
do not. The Pcel element was shown to harbor a
1747 bp insertion within the lignin peroxidase allele
of P. chrysosporium BKM-F-1767 and has several
features of a transposon-like element, including in-
verted terminal repeats and a dinucleotide TA target
duplication.

Insertion of a transposable element within or ad-
jacent to a chromosomal gene can directly alter its
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Figure 3. Distribution of the Pcc2 element in the B chrysosporium K3 strain. Southem blot is identical

to that shown in Figure 1 B, but hybridized here with the Pcc2 probe (probe 3).

expression. In most cases the element blocks ex-
pression, but sometimes the effect is subtler. Trans-
posable elements can increase the number of copies
of sequences within the genome, either because they
are, by chance, recognized as intermediates for rep-
licative transposition events or because they are in-

“cluded in duplications produced by recombination

between elements, generating sequence variation
within genes that may be evolutionarily advantageous
[10]. The presence of this element in the promoter
region may affect the expression of the CDH gene
and might play a role in genetic variation and evolu-
tionary divergence of this gene in the P. chrysospo-
rium genome. Further studies are underway to ex-
amine the possible role of Pcc2 on the inheritance
and transcription of the CDH gene.
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