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Analysis of a 2.4-kb cDNA of the cellulose-binding extracellular b-glucosidase (CBGL) from Phanerochaete
chrysosporium suggested that CBGL is organized into two domains, an N-terminal cellulose-binding domain
and a C-terminal catalytic domain. Genomic sequence analysis suggested that cbgl is encoded by 30 exons.
Southern analysis of DNA from homokaryotic cultures indicated that CBGL is encoded by two alleles, cbgl-1
and cbgl-2, of a single gene.

Cellulose-degrading cultures of the white rot basidiomycete
Phanerochaete chrysosporium apparently produce three differ-
ent b-glucosidases—extracellular, intracellular, and cell wall
bound—depending on the carbon source (9, 26). Deshpande
et al. (9) reported that cellulose induces intracellular and cell
wall-bound enzymes and purified five isozymes of extracellular
b-glucosidases from cellulose-degrading cultures of P. chryso-
sporium. Molecular weights of these glucosidases ranged from
165,000 to 182,000. Smith and Gold (26) partially purified
an extracellular b-glucosidase from P. chrysosporium OGC101
and charaterized it as a monomer with a molecular weight
of 90,000. Recently, we purified and characterized a cellulose-
binding extracellular b-glucosidase (CBGL) with a molecular
mass of 114,000 from cellulose-supplemented cultures of
P. chrysosporium OGC101. When CBGL was treated with pa-
pain, its molecular weight decreased to 95,000; it lost the ability
to bind to cellulose, but its catalytic activity was unchanged.
This suggested that CBGL is organized into two domains—a
cellulose-binding domain (CBD) and a catalytic domain (20).
The glucosidase isolated previously by Smith and Gold (26)
from this strain might be the non-cellulose-binding form. The
kinetic properties of the cellulose-binding and nonbinding
forms were similar, indicating that the CBD was not involved
in catalysis. Here cloning and characterization of a cDNA
clone and a genomic clone of CBGL are reported. Sequence
analysis confirmed our prediction that this b-glucosidase con-
sists of a catalytic domain and a CBD.

Organism. P. chrysosporium OGC101 (a derivative of BKM-
F-1767) was obtained from Michael H. Gold (Oregon Gradu-
ate Institute) (1). Escherichia coli XL1-Blue MRF9 and SOLR
were obtained from Stratagene (La Jolla, Calif.).

Nucleotides. Oligonucleotides were prepared by the Oregon
Regional Primate Research Center (Beaverton, Oreg.). The
plasmid isolation kit was obtained from Qiagen, Inc. (Chats-
worth, Calif.).

Isolation of a cDNA clone of cbgl. The cDNA lZAP ex-
pression library, prepared as described previously (18), was
screened with an anti-CBGL antibody and a secondary an-

tibody labeled with alkaline phosphatase. The pBluescript
SK(2) plasmid containing a putative b-glucosidase cDNA in-
sert was rescued by in vivo excision with a helper phage. The
plasmid was purified with a commercial plasmid isolation kit
(Qiagen, Inc.). The cDNA was sequenced by the dideoxy meth-
od with the primer walking strategy (25, 27).

Isolation of a genomic clone of cbgl. A lEMBL3 genomic
library of P. chrysosporium OGC101 was screened at high strin-
gency (4.83 SSC [13 SSC is 0.15 M NaCl plus 0.015 M sodium
citrate]–48% formamide at 50°C) with a 550-bp ApaI fragment
from the 39 end of the cbgl cDNA clone. Based on the restric-
tion mapping of the genomic clones, four overlapping restric-
tion fragments (3.6-kb SacI, 1.7-kb SacI, 4.5-kb SalI, and 1.2-kb
SalI) covering the entire region of cbgl were subcloned into
pBluescript SK (Stratagene) and sequenced by the primer
walking method (27). Sequencing was performed with an au-
tomatic sequencer (model 377; Applied Biosystems) and
AmpliTaq DNA polymerase, FS.

Isolation of a full-length cDNA clone of cbgl. The cDNA
library of P. chrysosporium was probed with a restriction frag-
ment (66 to 324 bp) obtained by digesting cbgl-2 with MscI and
NdeI. Hybridization was performed at high stringency (4.83
SSC, 48% formamide, 50°C). Positive clones were purified by
further screening. The pBluescript II SK plasmid containing
the putative cbgl cDNA insert was rescued by in vivo excision
with a helper phage. The plasmid was purified with a plasmid
midi kit (Qiagen, Inc.).

Isolation and analysis of homokaryons. Single homokaryotic
basidiospores were isolated as described previously (1, 12).
DNAs from homokaryotic cultures were isolated by standard
procedures and restriction digested with SalI, size fractionated
in a 0.7% agarose gel, blotted onto a Magnagraph nylon trans-
fer membrane (Micron Separations, Westboro, Mass.), and
probed with a 32P-labeled 1.4-kb SacI fragment of cbgl (nucle-
otides 1446 to 2866).

Northern (RNA) blot analysis. Total RNA was isolated from
11-day-old mycelia of P. chrysosporium cultured with 1% cot-
ton linters, cellobiose, or glucose as the carbon source (2, 8).
RNA was electrophoresed in 1.5% agarose gel containing 2.2
M formaldehyde, transferred to Magnagraph nylon membranes
(Micron Separations), and probed with cDNA for CBGL at
42°C as described previously (6).

Southern blot analysis of cbgl. DNA from P. chrysosporium
was restriction digested and electrophoresed with a 0.7% aga-
rose gel. The DNA was transferred to Magnagraph nylon mem-
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FIG. 1. Nucleotide and deduced amino acid sequences of CBGL from P. chrysosporium. Genomic and amino acid sequences were derived from cbgl-2. The amino
acid sequence deduced from the cDNA sequence of cbgl-1 was the same as that of cbgl-2 except at positions indicated in the line below the amino acid sequence in
parentheses. The exon sequence of cbgl-1 is the same as that of cbgl-2 except at the positions indicated in the line above the gene sequence. Nucleotides and amino
acids are numbered on the right. The potential signal peptide sequence is overlined. The potential CBD is boxed. Potential N-glycosylation sites are in boldface type.
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branes and hybridized to a 32P-labeled 1.4-kb SalI cDNA frag-
ment of cbgl (5).

Seventy-two positive clones of cbgl were isolated by im-
munoscreening of the P. chrysosporium cDNA library. A full-
length clone was isolated by screening the cDNA library with a
MscI 1 NdeI fragment from the genomic clone cbgl-2. Geno-
mic clones were isolated by screening a lEMBL3 genomic li-
brary of P. chrysosporium with a 500-bp ApaI fragment from
the 39 region of the cDNA sequence. This screening yielded
;50 positive genomic clones. Restriction fragment analyses of
five clones which hybridized strongly to the probe indicated
that they were very similar, and one of them was subcloned and
sequenced.

cbgl cDNA sequence. Sequence analysis of the cDNA clone
(2.4 kb) revealed an open reading frame consisting of 2,469 bp
encoding 823 amino acids, including a 21-amino-acid N-termi-
nal signal peptide sequence (Fig. 1). Prediction of the signal
peptide cleavage site suggested that Gln22 was the N-terminal
amino acid (22). The mature CBGL apparently consists of 802
amino acids and has an apparent molecular weight of 83,439.
The CBGL molecular weight as determined by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis was 114,000. CBGL
is a glycoprotein, and the difference in molecular weight could
be attributable to the carbohydrate portion. The cDNA se-
quence revealed six potential N-glycosylation sites conforming
to the general rule Asn-X-Thr/Ser, in which X is not a proline
(4). In addition, numerous O-glycosylation sites are possible.

CBD. Analysis of the cbgl cDNA sequence suggested that
the amino acid sequence from 22 to 57 has a high sequence
similarity to the conserved cellulose-binding sequence of
CBHII from P. chrysosporium and other fungal CBD se-
quences (11). This confirmed our prediction that CBGL pos-
sesses a CBD similar to that of cellulases (20). This domain is
connected to the C-terminal catalytic domain via a 43-amino-
acid linker region.

Catalytic domain. Approximately amino acids 101 to 823 at
the C terminus form the catalytic domain. Sequence analysis
suggests that CBGL should be categorized as a family 3 gly-
cosylhydrolase along with the extracellular b-glucosidases from
Trichoderma reesei, Aspergillus aculeatus, Saccharomycopsis fi-

buligera, and Pichia capsulata (3, 13, 14, 17, 21). Asp and Glu
have been found in the active sites of numerous glycosidases,
including b-glucosidase, cellulase, and amylase (7, 23, 28).
Analysis of the catalytic domain sequences of eight family
3 fungal and yeast glycosidases indicated conservation of 13
acidic amino acid residues. Sequences surrounding seven con-
served residues are preserved (Fig. 2). Potentially, any two of
the conserved residues could be involved in catalysis.

FIG. 3. Northern blot analysis of P. chrysosporium RNA. Total RNA was
isolated from 11-day-old mycelia obtained from 1% cellulose (lane 1), glucose
(lane 2), and cellobiose (lane 3) cultures. The blot was probed with 32P-
labeled CBGL cDNA. Bars to the left indicate the positions of 18S and 28S
rRNA (from top to bottom).

FIG. 2. Comparison of the catalytic domain sequence of CBGL with the b-glucosidases from T. reesei (Trr) (3), A. aculeatus (Asa) (15), S fibuligera (Saf1 and Saf2)
(21), Pichia anomala (Pia) (17), P. capsulata (Pic) (14), and Septoria lycopersici (Sel) (24).
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CBGL expression. P. chrysosporium produced CBGL abun-
dantly only when cellulose was provided as the sole carbon
source (2, 20). CBGL production was not observed in cultures
supplemented with either glucose or cellobiose (2). To further
understand CBGL expression in P. chrysosporium, total RNA
was isolated from 11-day-old cellulose, cellobiose, or glucose
cultures and analyzed by Northern blotting (Fig. 3). A band
corresponding to 2.4 kb was observed only with the RNA
isolated from cellulose-grown cells. Also, the size of this RNA
was very similar to the size of the cDNA insert. These prelim-
inary findings suggest that either cellulose or one of its degra-
dation products might be controlling the expression of CBGL
at the transcriptional level.

Gene sequence of cbgl-2. cbgl-2 consisted of 4,555 bp, includ-
ing 182 bp in the 59 flanking region and 339 bp in the 39
flanking region (Fig. 1). The 59 upstream region contained a
potential TATAA box (TATAAGT) 64 bp upstream from the
translation start codon. Comparison of the genomic and cDNA
sequences of CBGL indicated the presence of 29 introns vary-
ing in size from 47 to 68 bp (Fig. 1). All of the intron splice
junctions conformed to the GT–AG rule. Exon 1 codes for the
signal peptide and a portion of the CBD (Fig. 4). Exon 2 codes
only for the CBD. Exon 3 codes for the rest of the CBD, the
linker peptide, and a small sequence of the catalytic domain.
Exons 4 to 30 code for the catalytic domain. Interestingly,
exons 10 and 13 code for one and two amino acids, respectively
(Fig. 4). In contrast to cbgl, T. reesei bglu1 has only two introns
(3).

Exon sequences of cbgl-2 exhibited 98% similarity to the cbgl
cDNA sequence. A total of 50 bp in the sequences (in the exon
regions) did not match the cDNA sequence; however, the
amino acid sequences differed only at four locations (Fig. 1).
Restriction analysis of P. chrysosporium DNA indicated that,
except for HindIII restriction, only one fragment from all the
other restrictions hybridized to a 1.4-kb SalI fragment of cbgl-2
(Fig. 5). This result suggested that cbgl is probably encoded by
two alleles (cbgl-1 and cbgl-2) of a single gene. The cDNA
sequence was presumably derived from cbgl-1.

cbglu-1 and cbglu-2 allelism. P. chrysosporium is a hetero-
karyon with two or more genetically distinct nuclei (1). The
genomic library from which the cbgl clones were isolated was
derived from such a heterokaryon. However, the basidiospores

are homokaryons and contain two identical nuclei. If cbgl-1
and cbgl-2 are truly allelic, then they should segregate among
homokaryons. Segregation of allelic variants of lignin perox-
idase, glyoxal oxidase, and cellobiose dehydrogenase from

FIG. 4. Schematic representation of the protein and gene structures of CBGL and the restriction map of cbgl-2.

FIG. 5. Southern analysis of genomic DNA from P. chrysosporium. Genomic
DNA, isolated by standard procedures, was digested with restriction enzymes
SalI (lane 1), HindIII (lane 2), BamHI (lane 3), NdeI (lane 4), EcoRI (lane 5),
and SacI (lane 6). The blot was probed with a 32P-labeled 1.4-kb SalI fragment
of cbgl-2. Bars indicate the positions of molecular size standards (from top to
bottom: 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, and 0.6 kb).
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P. chrysosporium is known (10, 16, 19). A comparison of the
cDNA sequences of cbgl-1 and the exon sequences of cbgl-2
suggested that cbgl-2 has at least one extra SalI site at nucle-
otide 2866 (Fig. 4). This difference was utilized in identifying
the two alleles. DNAs from homokaryotic and heterokaryotic
cultures were restricted with SalI and probed with a 1.4-kb SalI
fragment (bp 1446 to 2866). The probe was expected to hybri-
dize to only a 2-kb fragment from cbgl-1, a 1.4-kb fragment
from cbgl-2, and two fragments (1.4 and 2 kb) from the wild-
type heterokaryon. Southern analysis suggested that only one
fragment (1.4 or 2 kb) from homokaryon DNA and two frag-
ments from wild-type DNA can hybridize to the probe (Fig. 6).
These findings support the proposal that cbgl-1 and cbgl-2 are
alleles.

b-Glucosidase multiplicity. Smith and Gold (26) partially pu-
rified an extracellular b-glucosidase (Mr, 90,000) from P. chryso-
sporium OGC101. CBGL is produced by the same strain in
cultures optimized for low extracellular protease levels (2).
Proteolytic hydrolysis of CBGL produces two non-cellulose-
binding forms (Mrs, 96,000 and 98,000). Thus, the b-gluco-
sidase isolated by Smith and Gold (26) was probably a deg-
radation product of CBGL. At this time, there is no reason
to believe that the low-molecular-weight glucosidase could
arise from differential splicing of cbgl-1 or cbgl-2. Desh-
pande et al. (9) have reported five extracellular b-glucosi-
dases from P. chrysosporium, with molecular weights ranging
from 165,000 to 182,000. A comparison with the current find-
ings is not worthwhile because of strain differences and the
variation in culturing conditions.

Nucleotide sequence accession numbers. The P. chrysosporium
OGC101 CBGL cDNA and gene sequence data reported
here have been deposited in GenBank under accession no.
AF036873 and AF036872.
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