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Abstract The xylanase regulator 1 protein in Mycelioph-
thora thermophila ATCC42464 (MtXyrl) is 60 % homolo-
gous with that of Trichoderma reesei. However, MtXyrl’s
regulatory role on cellulolytic and xylanolytic genes in
M. thermophila is unknown. Herein, MtXyrl was overex-
pressed under the control of the MtPpdc (pyruvate decar-
boxylase) promoter. Compared with the wild type, the
extracellular xylanase activities of the transformant cultured
in non-inducing and inducing media for 120 h were 25.19-
and 9.04-fold higher, respectively. The Mixyrl mRNA
level was 300-fold higher than in the wild type in corncob-
containing medium. However, the filter paper activity and
endoglucanase activities were unchanged in corncob-con-
taining medium and glucose-containing medium. The dif-
ferent zymograms between the transformant and the wild
type were analyzed and identified by mass spectrometry as
three xylanases of the glycoside hydrolase (GH) family 11.
Thus, overexpression of xyr/ resulted in enhanced xylanase
activity in M. thermophila. Xylanase production could be
improved by overexpressing Mtxyrl in M. thermophila.
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Introduction

Thermophilic fungi are extremophiles that grow at high
temperatures. Their extracellular enzymes might be more
active and stable under extreme conditions and may pro-
vide economic advantages in the production of chemicals
and biomass-based fuels [17, 23]. Myceliophthora ther-
mophila is a mild thermophilic fungus which can grow in
temperatures between 25 and 55 °C. The genome of M.
thermophila has been analyzed [6]. Genomic data analysis
reveals that this fungus has the potential to produce more
than 200 kinds of glucoside hydrolases and a large number
of accessory proteins related with cellulase and hemicellu-
lase degradation and has fine application prospects in the
biorefinery industry [12, 14].

Available carbon sources regulate the major cellulase
and hemicellulase genes in mesophilic fungi in a coordi-
nated manner [11, 22]. Cellulose, xylan and other materials
induce the expression of cellulase and hemicellulase genes,
while glucose acts as a repressing carbon source [40]. Most
of these genes are controlled by a repressor/inducer system.
Some regulators, such as the carbon catabolite repressor
Crel [34], the repressor Acel [31], the activator Ace2 [2]
and the activator Xyr/ [29] have been isolated. The mecha-
nism and binding sites on the upstream region of target
genes of the above regulators have been identified.

Xyrl (xylanolytic transcriptional regulator), a homolog
to XinR of Aspergillus niger [40], is a member of the
zinc binuclear cluster protein family and belongs to the
Zn,Cys, type. Xyrl was cloned and shown to act as a
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transactivator, mediating both xylose- and xylan-depend-
ent induction [29]. Xyrl is a general and essential tran-
scription factor controlling the expression of the major
cellulolytic and xylanolytic genes, regardless of the
inducer (xylose, xylobiose, sophorose and lactose) and
mode of expression (basal, derepression and induction)
[27, 35]. Xyrl is currently considered to be one of the
main regulators of the cellulase and hemicellulase sys-
tem of T. reesei. The target genes of Xyrl are hydrolase-
encoding genes, such as xynl, xyn2, bxll, cbhl, cbh2,
egll and bgll [1, 21, 33, 35]. Xyll and its homologous
proteins exist widely in mesophilic fungi, such as Neu-
rospora crassa [38], Trichoderma reesei [21, 33], and
A. niger [41]. However, compared with studies in meso-
philic fungi, researches on the regulation of cellulase and
hemicellulase gene expressions in thermophilic fungi are
relatively few. The full repertoire of transcription factors
influencing cellulase and xylanase gene expression in
thermophilic fungi has not been fully described to date
[18]. In particular, xylanolytic transcriptional regulators
have not yet been reported in thermophilic fungi.

In the present study, the xyr/ homologous gene,
Mixyrl, was identified in the genome of M. thermophila
ATCC42464. Compared with xylanolytic transcriptional
regulators in N. crassa OR74A, Pseudallescheria api-
osperma, T. reesei QM6a and A. niger CBS 513.88, the
amino acid sequence (GenBank: AEO60673.1) of MtXyrl
shares 80, 76, 59 and 50 % homology, respectively.

However, the role of MtXyrl on the regulation of the
major cellulolytic and xylanolytic genes in M. thermoph-
ila is unknown. The objective of this work was to validate
the role of MtXyrl in M. thermophila through overexpres-
sion and to determine whether enzyme production could be
improved. We constructed Mtxyrl-overexpression recom-
binant strains and detected cellulase and xylanase activi-
ties under inducing and non-inducing conditions. We also
identified the different bands on SDS-PAGE between the
transformant and the parent strain. The results indicated
that MtXyrl acted as a xylanolytic transcriptional activator
for xylanase expression in M. thermophila. Overexpress-
ing Mtxyrl effectively improved xylanase production in M.
thermophila.

Materials and methods

Strains, plasmids and culture conditions

Escherichia coli JM107 (Fermentas, Canada) was used
as the host strain for recombinant plasmid construction.

M. thermophila (ATCC 42464) was purchased from the
American Type Culture Collection center and used as the
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parent strain throughout this study. The E. coli strain was
cultivated in LB medium supplemented with 100 jg/ml
ampicillin (Applied Biosystems, Carlsbad, CA) when nec-
essary. M. thermophila was maintained on potato dextrose
agar (PDA). The spores were washed with a 2 % Tween-20
solution to prepare the spore suspension. For liquid culture,
the strain was grown in Mandel’s medium with 2 % glu-
cose [24] at 45 °C for 120 h in 250-ml Erlenmeyer flasks.
M. thermophila produced cellulase and xylanase when
5 g/l corncob powder and 3 g/l wheat bran were used as
inducers.

Recombinant M. thermophila strains were plated on
PDA agar supplemented with hygromycin B (50 jwg/ml). E.
coli was routinely cultured at 37 °C, whereas M. thermoph-
ila was cultured at 45 °C. Plasmid pUC19 was used for the
construction of Mtxyrl overexpression cassette. Plasmid
pAN7-1, which contained the hygromycin B-resistance
cassette, was used as an assisting plasmid for the transfor-
mation of M. thermophila [28].

RNA extraction and cDNA synthesis

About 2 x 10" M. thermophila spores collected from
a PDA plate grown for 5 days were inoculated into a 1-1
flask containing 200 ml of Mandel’s medium with glucose
at a final concentration of 20 g/l. They were then grown
at 45 °C and 250 rotations/min. Samples were taken at
24, 48, 72, 96 and 120 h. Mycelia were harvested by cen-
trifugation, washed twice with DEPC water, snap frozen
in liquid nitrogen and stored at —80 °C for subsequent
RNA extraction. The glucose concentration in the samples
was measured using the 3,5-dinitrosalicylic acid (DNS)
method [26].

The total RNA of the samples was extracted using a
Universal Plant Total RNA Extraction Kit (BioTeke Cor-
poration, China). To remove the genomic DNA, the RNA
preparations were treated with DNase I (TaKaRa, Japan).
Total RNA was quantified using a NanoDrop 8000 spec-
trophotometer (Thermo Scientific, Wilmington, DE). A
PrimeScript reagent kit (TaKaRa) was used to synthesize
the complementary DNA (cDNA) using 1.0 g of the total
RNA per reaction (20 pl).

Quantitative real-time reverse transcription PCR

The primers used for qRT-PCR were designed with the
aid of the software Prime 5.0 (Table 1). The PCR protocol
has been described previously [20]. The expression levels
of the genes in the glucose metabolism were normalized
with an endogenous control, beta-tubulin, as previously
described [4]. The means + standard deviations of repli-
cates are shown in the figures.
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Table 1 Sequences of primers used in gqRT-PCR

Name Sequence (5'-3') Amplification target
B-tubulin-F  AGGGTATGGATGAGATGGAG  -tubulin cDNA
B-tubulin-R AGAAGCAAGCCCTGGAAC

pdc-F CGAGATAGCCGACCAGAT pdc cDNA
pdc-R GTTGGCGGGTTCTGTGAG

gpd-F TCCTGGACCTCCTCGCCTA gpd cDNA
gpd-R GCTTCCCATTCCAAGACTAA

eno-F ACAGCGACCCGAGCAAGT eno cDNA
eno-R CGCTTAGGGTTGGTGACAG

fba-F CCCTCAACCGAGAATCAG fba cDNA
fba-R CGAGGTTCCCACCAAAGG

Cloning of Mtxyrl

The genomic DNA of M. thermophila was isolated by a
Wizard Genomic DNA Purification kit (Promega, Madi-
son, WI), following the manufacturer’s protocols and used
as the template. The primers Mxyrl-F and MtxyrI-R were
used to amplify Mtxyrl (GenBank accession number: XM
003665870.1); NotI and Xbal sites were added to the 5’ and
3’ ends, respectively (Table 2).

Construction of the overexpression plasmid

The primers MtPpdc-F and MtPpdc-R were used to
amplify the MtPpdc (pyruvate decarboxylase gene) pro-
moter (a 587-bp upstream fragment starting from the
start codon of pdc). HindIIl was added to the 5’ ends,
and BamHI and Notl sites were added to the 3’ ends. The
primers MtTpdc-F and MtTpdc-R were used to amplify the
MtTpdc terminator (a 357-bp downstream fragment start-
ing from the stop codon of pdc). BamHI and Xbal were

added to the 5’ ends and an EcoRI site was added to the
3/ ends.

The MtPpdc was inserted into plasmid pUC19 after digestion
by HindIll and BamHI, which generated the plasmid pUC19—
MtPpdc. The MtTpdc was then inserted into pUC19-MtPpdc
after digestion by BamHI and EcoRI, which generated the
recombinant plasmid pUC19-MtPpdc—MiTpdc. Finally, Mtxyrl
was inserted into the recombinant plasmid using the Nofl and
Xbal sites, which generated plasmid pUC19-MtPpdc-MitXyrI—
MitTpdc. This plasmid was used for the transformation of M.
thermophila and the recombinant expression of MtXyrI (for the
schematic diagram of the plasmid, see supplementary Fig. S2).
The primers are listed in Table 2. The restriction enzymes, DNA
polymerase and T4 DNA ligase were purchased from Takara.

Protoplast preparation and transformation
of M. thermophila

About 1 x 10% M. thermophila spores in suspension were
inoculated into 30 ml of Mandel’s medium and cultured at
45 °C and 250 rpm for 12 h. The germlings were centri-
fuged at 6026 x g for 10 min. The pellet was washed with
1 mol/l MgSO, twice and then resuspended in 10 ml of
1 mol/l MgSO, containing 100 mg lysing enzymes (Sigma-
Aldrich). 20 ml of STC solution (containing 1.2 mol/l
sorbitol, 10 mmol/l pH 7.5 Tris—Cl, 50 mmol/l CaCl,) was
added to the suspension, which was mixed and centrifuged
at 6026x g for 10 min. The pellet was washed with STC
solution twice and resuspended in STC solution. 200 ul
of the protoplast STC solution was mixed gently with 10
ig of the recombinant plasmid and 10 pug of pAN7-1. The
mixture was heated at 60 °C for 2 min before 50 wl 60 %
PEG 4000 (containing 50 mmol/l CaCl, and 10 mmol/l
pH 7.5 Tris—ClI buffer) was added. The mixture was left
at room temperature for 20 min. The solution was then

Table 2 Sequences of primers used for amplification of Mtxyrl and construction of overexpressing vector

Name Sequence (5'-3")* Description Length of target genes (bp)

Mixyrl-F  ATAAGAATGCGGCCGCATGTTGTCTAACC-  Amplification of full length of Mtxyri 3030
CGCTTCA

Mixyr -R GCTCTAGACTACAGCGCCAGACCGGTA

MtPpdc-F CCCAAGCTTCCGAGTGTACTCCGTAAGGA  Amplification of the Mipdc promoter, 587 bp 587

MtPpdc-R CGCGGATCCGCGTTGTTTAAATAAGAAT upstream from the start codon of pdc
GCGGCCGCGTCTGTTGTTGGCGATGTTT
GTG

MtTpdc-F  CGCGGATCCGCGGTATACAGCCGCTCTAGA Amplification of the Mipdc terminator, 357 bp 357
GATGGTGGCTTGGTGGCTGA downstream from the stop codon

MiTpdc-R  CCGGAATTCGGATTACAGCGCAGTGCACG

Vpe-F CCTGGGTATCGTGCCTGTG Part of MtPpdc and part of Mtxyrl 440

Vpe-R®  TGTTGCCTATGCTTCGGT

# Restriction sites are underlined by single lines

® Vpc-F and Vpc-R mean the upstream and downstream primers for verification of positive clones
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transferred to a 50-ml centrifuge tube to which 2 mL of
60 % PEG4000 was added and mixed gently. The solution
was left at room temperature for 50 min and then 20 ml
of STC solution was added and mixed. The mixture was
centrifuged at 6026x g for 15 min. The pellet was resus-
pended in 1 ml of STC solution. The suspension was added
to protoplast regeneration medium and cultured at 30 °C,
70 rpm for 13 h. The cells were then cultured at 35 °C,
70 rpm for 27 h and 20 ml of STC solution was added. The
mixture was centrifuged at 6026 x g for 10 min after mixing
gently. The pellet was resuspended in 1.0 ml of STC solu-
tion and plated on PDA solid medium containing 50 g/
ml hygromycin. The transformants were selected according
to the resistance to hygromycin. The conidia of the candi-
date transformants were further spread onto hygromycin B
selection plates to form single colonies. The single colo-
nies were screened using genomic DNA PCR analysis to
verify that the recombinant expression cassette was inte-
grated into the genome of the transformants. The primers
Vpc-F and Vpc-R (listed in Table 2) were used for PCR
verification.

Enzyme activity assays

Xylanase activity was assayed as described in Bailey
et al. [3] using 1 % birchwood xylan as the substrate. The
amount of released sugar was determined by the dinitrosali-
cylic acid (DNS) method, as described by Miller et al. [26].
The filter paper activity (FPA) and endoglucanase (EG)
activities were measured according to the method pro-
vided by Ghose [10], using filter paper (Whatman No. 1,
Springfield Mill, UK) and sodium carboxymethyl cellulose
(CMC-Na) as substrates, respectively. Enzymatic analysis
was carried out in triplicate. One unit of enzyme activity
(IU) was defined as the amount of enzyme that released 1
pwmol reducing sugar per minute at 50 °C.

SDS-PAGE and identification of different proteins

When the parent strain and MX11 had been cultivated in
corncob-containing medium for 5 days (45 °C, 250 rota-
tions/min), proteins secreted into the culture media were
analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) on a 12 % polyacrylamide
gel, as described by Laemmli et al. [16]. The fermenta-
tion liquor was centrifuged at 6026 x g for 10 min. 10ul of
supernatant was loaded in each well.

The protein bands were visualized by staining with
Coomassie Brilliant Blue R-250 (Bio-Rad, Hercules, CA).
The different protein bands between the parent strain and
the transformant were excised, transferred to a PCR tube
with 100-pl ultrapure water, washed and destained on a
temperature-controlled board at 25 °C. Pretreatment used
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the in-gel digestion method of Li et al. [19]. The proteins
were identified using matrix assisted laser desorption ioni-
zation time-of-flight/time-of-flight (MALDI TOF/TOF)
mass spectrometry (Applied Biosystems, Foster City, CA),
according to the method of Ravalason et al. [30]. To iden-
tify the protein sequences, a homology search was per-
formed using Mascot software (Version 2.2, Matrix Sci-
ence). The parameters were set as follows: max missed
cleavages: 1; fixed modifications: carboxymethyl (C);
variable modifications: oxidation (M); mass values: MH+ ,
monoisotopic; peptide mass tolerance: £0.2 Da. The par-
tial amino acid sequences were used to identify analogous
proteins through a BLAST search of the NCBI protein
sequence database.

Results
Selection of a strong promoter from M. thermophila

Four critical genes that participate in glucose metabolism
[8, 20] were selected and their transcriptional profiles
were analyzed quantitatively using qRT-PCR. These genes
were glyceraldehyde-3-phosphate dehydrogenase (gpd),
pyruvate decarboxylase (pdc), enolase (eno) and aldolase
(fba), which participate in glucose metabolism. The genes
that are responsible for glucose use are usually regarded
as housekeeping genes, and constitutive promoters drive
their expression in 7. reesei [20]. The four genes all exist as
single copies in the genome of M. thermophila. Thus, the
expression level of the genes is proportional to the strength
of their promoters. In the present study, we aimed to select
a strong promoter and use it to construct an overexpression
plasmid for Mtxyrl.

The genomic regions of M. thermophila containing the
four genes were acquired from the website (http://www.
ncbi.nlm.nih.gov/genome/?term=Myceliophthora+thermo
phila). MtEno (MYCTH_2295989) is located at 3,716,046—
3,718,626 bp in scaffold 1; MtFba (MYCTH_2300033)
is located at 137,539-140265 bp in scaffold 2. MtPdc
(MYCTH_112121) is located at 3,335,044-3,337,250 bp
in scaffold 5; and MtGpd (MYCTH_2311855) is located
at 1,538,035-1,540,796 bp in scaffold. Beta-tubulin
(MYCTH_2306723) was used as the reference gene. It is
located at 2,379,225-2,380,120 bp in scaffold 4.

Myceliophthora. thermophila was cultured and sam-
ples were taken at 24, 48, 72, 96 and 120 h. The resid-
ual concentrations of glucose in the samples were 18.88,
12.94, 6.84, 0.37 and 0.18 g/l, respectively (Supplemen-
tary Fig. S1). Hyphae were taken at 24, 72 and 120 h
of cultivation, because the relative expression levels
of the genes were affected by different concentrations
of glucose. Total RNA was extracted and the relative
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Fig.1 The transcriptional profiles of four key genes related to glu-
cose metabolism during cultivation of M. thermophila. Error bars
represent standard deviations. The relative expression levels of the
four genes are shown by white dotted bars (pdc), gray bars (gpd),
black dotted bars (eno) and slash bars (fba), respectively

expression levels of four genes in M. thermophila at 24,
72 and 120 h are shown in Fig. 1. The expression lev-
els of all four genes were the highest under high glucose
concentration and decreased at low glucose concentra-
tions. Thus, the expression levels of the four genes are
related to glucose consumption. In all conditions, the
transcription efficiency of pdc was the highest among
the four genes, indicating that the promoter of pdc was
the strongest. Therefore, the promoter of pdc in M.
thermophila was selected to construct the recombinant
expression cassette.

Construction of a thermophilic strain overexpressing
Mixyrl

To produce the regulator Xyrl in M. thermophila under
the control of the promoter MtPpdc, the cassette MtP-
pdc—MtXyri-MtTpdc was constructed by linking the
coding region of the xyr/ gene to 587 bp of the pdc pro-
moter and 357 bp of the pdc gene transcription termina-
tor. The expression cassette was co-transformed into M.
thermophila with plasmid pAN7-1. Upon screening of 25
randomly selected transformants by PCR using primers
Vpce-F and Vpc-R, 12 showed a 450-bp product, indicat-
ing successful integration of the MtXyrl expression cas-
sette (Fig. 2). The sequencing result agreed completely
with the PCR results. According to qPCR analysis, the
Xyrl expression levels in three randomly selected trans-
formants carrying the xyrl expression cassette were
much higher than those in the original strain (see supple-
mentary Fig. S3). One of them, the transformant MX11,
which showed the highest Xyr/ expression levels at 300-
fold higher than that of the parent strain with glucose as
the carbon source, was selected for subsequent studies.

Fig. 2 The PCR products amplified using primers Vpc-F and Vpc-R.
M 250-bp marker, / part of the cassette MtPpdc—MtXyrI-MtTpdc

OWT E MX11

Xylanase activity (U/mL)

0
Non—-induction

Induction

Fig.3 The xylanase activity of the original strain and the trans-
formed strain MX11

Increased xylanase production by Mtxyrl
overexpression

There were pronounced differences in the enzyme activ-
ity levels between the parent strain and the MX11 strain.
In glucose-containing medium (non-inducing condition),
the xylanase activities of the parent strain and MX11 were
0.26 £ 0.03 IU/ml and 6.55 £ 0.09, respectively, after
5 days of cultivation. In corncob-containing medium (induc-
ing condition), the xylanase activities of the two strains
after 5 days of cultivation were 2.14 £+ 0.09 IU/ml and
14.10 % 0.27, respectively (Fig. 3). The xylanase activities
of xyrl-overexpressed transformant MX11 were 25.19- and
6.59-fold higher compared with those of the parent strain
in glucose-containing medium and corncob-containing
medium, respectively. The total protein concentrations of
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Table 3 Total protein production of xyr/-overexpressed transformant
under inducing and non-inducing conditions (5 days)

Strains Total amount of secreted proteins (pLg/ml)

Non-induced medium Induced medium

Mt (original strain) 785+ 1.5 203.2 £13.3
MXI11 (transformed strain) 242.7 £+ 14.6 2085+ 17.2
kDa M A B
170 —
130  —
100 | ——
70 - < ~ -
= ]
55 - D
40— =
4 [ il |
35 .. s 4
6 ’ '
T
8] J
15 -

Fig.4 SDS-PAGE analysis of the transformant and parent strain.
A 10 pl sample was loaded in each well. M PageRuler™ prestained
protein ladder SM0671, A culture filtrate from the parent strain M.
thermophila ATCC42464, B culture filtrate from positive transfor-
mant MX11. The bands in red boxes were excised and identified by
MALDI TOF/TOF mass spectrometry

MX11 were 3.09- and 1.47-fold higher compared with those
of the parent with glucose as the carbon source and with
corncob with the carbon source, respectively (Table 3). The
results showed that xylanase activity and total protein pro-
duction were significantly enhanced in the transformant.
The FPA and EG activities were measured to examine
the influence of other cellulose degradation enzymes by the
transcription of Mxyrl. However, the enzyme activities did
not show obvious changes in the parent strain and MX11,
both in glucose-containing medium and corncob-contain-
ing medium (see supplementary Table S1). Taken together,
the results showed that overexpression of xyr/ mainly
resulted in enhanced xylanase activity in M. thermophila.

Mass spectrometry analysis of protein differential
expression between the parent strain and the

transformant

Proteins in culture media of parent strain and MX11 were
analyzed by SDS-PAGE (Fig. 4). The different bands
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between the parent and transformant strains were excised
and identified using MALDI TOF/TOF mass spectrometry.
The results showed that three kinds of xylanase were pre-
sent in band no. 8, and they all belonged to the glycoside
hydrolase (GH) family 11. The accession numbers in NCBI
(http://www.ncbi.nlm.nih.gov/) are gi: 367020944, gi:
367022650 and gi: 367031002, respectively. Various gluco-
side hydrolases belonging to GH family 16, 17, 25, 47, 55,
72 and 125 were identified in bands no. 1-7, but no cellu-
lase was identified, which was consistent with the enzyme
activity results. However, whether MtXyrl regulates the
above glucoside hydrolases remains to be proven.

Discussion

The genes encoding cellulolytic and xylanolytic enzymes
are usually regulated by a repressor/inducer system in
fungi. However, xylanolytic transcriptional regulators have
not yet been reported in thermophilic fungi. In the present
study, we screened a strong promoter, MtPpdc, and used to
it to overexpress Mrxyrl homologously. We also improved
the M. thermophila transformation method. The results are
very important for the research on the regulation of Xyr/ in
M. thermophila and provide a solid technical support for
studies of other regulatory factors in M. thermophila.

The choice of the promoter used for expression is vital
for the final expression efficiency. Several different pro-
moters have been used to express xyr/ in various hosts. For
instance, the nagl promoter used by Kubicek et al. [15] was
not much stronger than the native xyr/ promoter, and thus
the final enzyme activity in that strain was not significantly
enhanced. Seiboth et al. [32] overexpressed the xyr/ gene
using the constitutive pkil promoter in T. reesei QM9414,
which resulted in increased cellulase formation. In our pre-
vious study, the pdc promoter was identified as a strong
promoter in 7. reesei and was used to generate very high
expression levels of recombinant xylanase I [20]. Addi-
tionally, we expressed endogenous and exogenous proteins
successfully using the pdc promoter in T. reesei [37-39].
In this study, we also showed that the pdc promoter was a
strong promoter in M. thermophila when cultured in higher
or lower concentrations of glucose. The quantitative data
showed that the expression level of Mfxyrl mRNA was
significantly higher in the MX11 strain than in the parent
strain, which confirmed the strength of the pdc promoter.
Therefore, the pdc promoter should receive more attention
in fungal research.

XInR homologs are found commonly in filamentous
ascomycetes and are often assumed to have the same func-
tion in different fungi. However, Klaubauf et al. [13] com-
pared the wild-type and xInR/xIr1/xyrl mutants of five fungi
(Fusarium graminearum, M. oryzae, Trichoderma reesei,
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Fig. 5 The amino acid N. crassa XLR-1 1 27
sequence alignment of Zn,Cgq
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A. niger and A. nidulans). Large differences were found in ~ Conclusions

the set of genes controlled by XInR (XIrl/Xyrl) in the differ-
ent species. In the head blight fungus F. graminearum, Xyrl
regulates xylanase but not cellulase formation [7]. In Neuro-
spora crassa, XInR is not essential for use of cellulose and
only modulates the expression of some cellulolytic genes
[35]. However, the ortholog of XInR in Magnaporthe oryzae
(XIrl) does not regulate its xylanolytic system, but appears
to be involved only in p-xylose catabolism [5]. The regula-
tory role of MtXyr! is similar to that of the F. graminearum.

The sequences of XInR (XIr1/Xyrl) binding sites have
been reported: the X/nR binding site is GGCTRA in Asper-
gillus oryzae [25]. The functional binding sequences of
Xyrl can interact not only with the 5’-GGCTAA-3’ motif,
but also with several 5-GGC(A/T)(3)-3’ motifs in T. ree-
sei [9]. In the present study, the genes encoding two of
the three different kinds of xylanase present in band no.
8 were found to have potential binding sites in the pro-
moter regions. There are two potential binding sites in
the upstream region (—1008 to —1003 bp, —1334 to
—1329 bp) of gi: 367022650. There is a single potential
binding site located in —403 to —398 bp upstream of gi:
367031002. We also found more than eight 5'-GGC(A/T)
(3)-3' motifs in the promoter regions of the three kinds of
xylanase genes. Nonetheless, compared with XIn R and
Xyrl, MtXyrl has slight differences in the amino acid
sequence alignment of the Zn,C¢ dinuclear cluster (Fig. 5),
which may explain the differences in the binding sites.
Therefore, DNase I footprinting analysis and electropho-
retic mobility shift assays need to be performed to identify
the precise binding sites.

Xyrl is permanently available in the cell. The corre-
sponding xylanolytic enzyme activities were clearly ele-
vated in a xyrl-expressing strain, emphasizing this factor as
a good target for genetically engineered strain improvement
in Hypocrea jecorina [21]. The positive regulator Xyr/ was
successfully expressed in 7. reesei RUT C30, resulting in
significant increases in cellulase activity and levels of cor-
responding mRNAs [40]. The results in this study demon-
strated that MtXyrl is a positive regulatory factor for xyla-
nase gene expression. It is feasible to improve xylanase
production by overexpressing Mtxyrl in M. thermophila,
which represents an effective approach to increase total
xylanase productivity in M. thermophila.

In this study, we improved the method of protoplast prepa-
ration and transformation in M. thermophila. Under the
control of a strong promoter, MtPpdc, MtXyrl was over-
expressed. Compared with the parent strain, the extracel-
lular xylanase activities of the transformant cultured in
non-inducing and inducing conditions for 120 h were
25.19- and 9.04-fold higher, respectively. The results also
showed that overexpression of xyr/ altered the xylanolytic
gene expression profile in M. thermophila. Thus, it is feasi-
ble to improve xylanase production by overexpressing xyr/
in this thermophilic fungus.
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