
M OLECULAR AND CELLULAR B IOLOGY , June 1989, p. 2743-2747
0270-7306/89/062743-05$02.00/0
Copyright © 1989, American Society for Microbiology

Vol. 9, Νο. 6

Molecular Cloning and Sequences of Lignin Peroxidase Genes of
Phanerochaete chysosporium

HEIDI SCHALCH, 1 JILL GASKELL, 2 TIMOTHY L. SMITH,3 
AND DANIEL CULLEN 2*

Departments  of  Bacteriology 1  and  Molecular  Biology, 3  University  of  Wisconsin,  Madison,  Wisconsin  53706,  and  Institute
for Microbial and Biochemical Technology, Forest Products Laboratory, Forest Service, U.S. Department of Agriculture,

Madison,  Wisconsin  53705-2398 2 

Received 28 November 1988/Accepted 10 February 1989

The genomic clones encoding lignin peroxidase isozyme H8 and two closely related genes were isolated from
Phanerochaete chrysosporium BKM-1767, and their nucleotide sequences were determined. The positions and
approximate lengths of introns were found to be highly conserved in all three clones. Analysis of homokaryotic
derivatives indicated that the three clones are not alleles of the same gene(s).

Lignin depolymerization is catalyzed by extracellular per-
oxidases of white rot basidiomycetes such as Phanerochaete
chrysosporiumn (9). In submerged culture, multiple lignin
peroxidase (LiP) isozymes are present (10, 11), and produc-
tion is derepressed under carbon, nitrogen, or sulfur limita-
tion (8, 11). The roles of individual isozymes in lignin
degradation and the underlying genetic regulation are poorly
understood.

The nucleotide sequences of the cDNA encoding the
predominant isozyme H8 (20), the genomic clone of H8 (17),
and two additional cDNA clones (5) have been reported.
Deduced amino acid sequences are 70 to 80% identical among
all three clones. These clones were all derived from P. chry-
sosporium BKM-1767 (ATCC 24725), which is, quite probably,
heterokaryotic (1, 19). Hence, the possibility of allelic relation-
ships between these three clones cannot be formally excluded.

We report here remarkable structural homology among three
LiP genomic clones. Analysis of homokaryotic derivatives
demonstrated that the three are not alleles of the same gene.

Isolation and identification of LiP genomic clones. Standard
Southern and colony hybridization techniques were used
throughout   (4, 12, 18).   A   700-base-pair   (bp)   Sph I   genomic
fragment isolated from H8 (Fig. 1) was used to probe a
4,500-member P. chysosporium library in cosmid pKBY2
(22). Given an approximate haploid genome size of 4.4 × 103

kilobases (14), there was a >0.97 probability of any gene
being present in the cosmid library, although this figure
would be reduced to some extent by heterokaryosis. Ini-
tially, low to moderate stringencies were used (30% form-
amide, 37°C), and 29 strongly hybridizing clones were iden-
tified. Subsequent Southern analyses of positive clones
entailed   digestions   with   Eco RV,   Xho I,   Taq I,   and  Sau 3A,
size fractionation on 1% agarose gels, blotting to Nytran
(Schleicher & Schuell, Inc., Keene, N.H.), and probing with
a  270-bp  Eco RV  fragment  from  genomic  H8  (Fig. 1)  under
various stringencies.

Families of closely related clones were evident by several
distinct patterns on Southern blot autoradiograms. Only one
group, subsequently shown to contain the gene encoding H8
(17), hybridized at high stringencies (50% formamide, 60°C).
Six clones fell into this group. Under reduced hybridization
stringencies (50% formamide, 37°C), two additional patterns
were recognized and designated 0282-like (nine cosmids) and
V4-like (three cosmids). Seven cosmids gave no discernible
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signal, and four had unique patterns. A representative
cosmid from each group was subcloned and partially se-
quenced. The four unique clones had no clear sequence
homology with previously published cDNA sequences (5,
20). These cosmids probably represent complex rearrange-
ments or separate genes. They were not characterized fur-
ther. It is probable that additional related clones could be
identified  by  using  probes  other  than  the  700-bp  Sph I  frag-
ment from genomic H8. Furthermore, cosmid groups iden-
tified by Southern hybridization patterns, i.e., H8-, 0282-,
and V4-like, may contain closely related genes or alleles.
The exact number of LiP-specific alleles remains to be
established.

Nucleotide sequence, predicted amino acid sequence, and
comparative analysis of LiP clones. Cosmids H8, 0282, and
V4 were subcloned and sequenced by the dideoxy method
(15). The three clones showed regions of intense nucleotide
homology (Fig. 1 and 2). Intron positions in 0282 and V4
were deduced by alignment with the genomic H8 sequence
(17)  and  by  the  presence  of  highly  conserved  5 '  and  3 '  splice
sites (2). Intron position and length were conserved in all
three genes, although sequence similarity within introns was
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FIG. 2. Alignment of the genomic clone encoding H8 (EMBL accession number X06689) and two related clones, 0282 and V4 (partial
sequence). Putative CAAT (–110) and TATA (–81) are underlined. Essential amino acids at positions 43, 47, and 176 are in boldface. Amino
acids –1 to –28 (capitalized) represent the presumed signal and propeptide sequence. Gaps are introduced to maximize nucleotide alignments
by the method of Wilbur and Lipman (21). All of H8 is translated, whereas 0282 and V4 translations are shown only where different from H8.
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low relative to that in coding regions. Another genomic LiP
recently cloned by Sims et al. (16) from P. chrysosporium
ME446 shows the same basic structural features, i.e., eight
introns and high sequence homology to H8 cDNA.

Amino acid and nucleotide similarities, expressed as per-
cent identity within aligned regions, were calculated (Table
1). Predicted amino acid sequences were highly homologous,
particularly between H8 and 0282, which were 96.5% iden-
tical. There was no apparent regional clustering of mis-
matched amino acids. The majority of mismatched bases
occurred at the third position of codons and did not affect the
amino acid sequence. As with previously studied LiP cDNA
clones (5, 20), a high degree of codon bias was present.
Arg-43, His-47, and His-176 (Fig. 1), believed essential for
peroxidase activity (20), were present in all three clones. The
amino acid sequences of H8 and 0282 were nearly identical

in these regions, but V4 encoded single amino acid differ-
ences within two residues of Arg-43-(Ile-42 + Leu) and
His-47 (Ser49 + Ala) (Fig. 2). In all three clones, the codons
for the essential amino acids lay immediately adjacent to
intron 20 or 6 (Fig. 1 and 2). The location of intron 8, adjacent
to the last, proline-rich exon, and the position of intron 1,
which splits a putative signal sequence-propeptide junction
(13), are consistent with introns having played a role in
shuffling functional domains (3). The putative propeptide
(Ala-Ala-Val-Ile-Glu-Lys-Arg) follows the consensus splice
site Ala-X-Ala (13) and is similar to the Aspergillus niger
glucoamylase propeptide (Ser-Val-Ile-Ser-Lys-Arg) (7).

Absence of allelic relationships among LiP clones. The
potentially heterokaryotic nature of P. chrysosporium and
the extremely high sequence homology, particularly be-
tween 0282 and H8, suggest the possibility of allelic relation-
ships among these clones. This possibility was formally
excluded by probing single-basidiospore derivatives with
clone-specific fragments. Alleles of the same gene will seg-
regate independently in homokaryotic progeny such that, if
allelic, 0282, H8, and V4 would not be detected in the same
single-basidiospore cultures.

Basidiospores were harvested from xylose-containing me-
dium (6). For Southern analysis, DNA was purified from five
single-basidiospore cultures, digested with restriction endo-
nuclease, size fractionated on 0.6% agarose, blotted to
Nytran, and probed with nick-translated fragments under
stringent conditions (50% formamide, 60°C) (Fig. 3).

The pattern expectcd for individual genes, as opposed to
segregating alleles, was observed in all cases. In one basid-
iospore culture, designated SB-9 (Fig. 3B, lane 9), the
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FIG. 3.  Southern  hybridizations  of  genomic  DNA  from  single-basidiospore  derivatives  of  P. chrysosporium  BKM-1767.  (A)  Eco RV-
digested   DNA   probed   with   a   266-bp   Eco RV   fragment   of   H8;   (B)   Hin dIII- Xho I-digested   DNA   probed   with   a   330-bp   Hin dII- Xho I   fragment   of
0282;   (C)   Xho I- Kpn I-digested   DNA   probed   with   a   190-bp   Xho I- Kpn I   fragment   of   V4.   Lanes:   1,   2,   and   3,   plasmid   digests   containing   the   V4,
0282,   and   H8   genes   (to   demonstrate   specificity   of   probes);   4,   DNA   size   marker   (lambda   Hin dIII   plus   pBR322   Hin fl);   5,   BKM-1767   parental
DNA (control); 6, single-basidiospore derivative 3 (SB-3); 7, SB-5; 8, SB-7; 9, SB-9; 10, SB-13.

expected   330-bp   Xho I- Hin dIII   band   was   lacking,   although
another, higher-molecular-weight band was visible in all
single-basidiospore cultures (lanes 6 to 10) and in the paren-
tal   culture   (lane   5).   After   digestion   with   Hin dIII- Bam HI   and
probing   with   a   900-bp   Hin dIII- Bam HI   0282   fragment   (Fig.
1), a similar pattern was observed; i.e., the 0282-specific
band was absent from SB-9 (data not shown). The deletion of
0282 in SB-9 may indicate aneuploidy. The 0282-like gene
represented by the higher-molecular-weight band was not
detected in the cosmid library.

These data, together with previously reported cDNA
sequences, demonstrate that the LiPs of P. chrysosporium
are encoded by a large and complex gene family. The
organization, transcriptional regulation, and isozyme and
gene specificities of these genes need to be established.
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