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Abstract

A gene encoding an endoxylanase from the phytopathogenic fungus Helminthosporium turcicum Pass. was cloned
and sequenced. The entire nucleotide sequence of a 1991 bp genomic fragment containing an endoxylanase gene
was determined. The xylanase gene of 795 bp, interrupted by two introns of 52 and 62 bp, encoded a protein of 227
amino acids showing up to 95% amino acid homology with other fungal xylanases. The precise splicing site of the
introns was identified by sequencing the corresponding cDNA. A northern blot showed that the gene is expressed
when the fungus is grown in a medium containing xylan as a sole carbon source. The cloned xylanase gene was

expressed in maize plants during infection.

Introduction

The cell walls of plants act as a barrier to and as a
source of nutrition for pathogens. The cell wall is also
a dynamic and metabolically active structure that func-
tions as a reservoir of signal molecules which regulate
or activate plant defense responses to microbial attack
(Fry et al., 1993).

Arabinoxylan, the predominant hemicellulosic poly-
saccharide of monocotyledonous plants, is structurally
complex, comprising a B-1,4-linked D-xylopyranosyl
backbone frequently substituted by arabinosyl, xylosyl
and glucosyluronic residues (Biely, 1985). Endo-1,4-
B-xylanase (1,4-D-xylan xylohydrolase; EC 3.2.1.8)
cleaves the internal glycosidic linkages of the
1,4-B-D-xylan backbone and plays a crucial role in the
hydrolysis of xylan. Xylanases are produced by a num-
ber of saprophytic and pathogenic fungi (Sunna and
Antranikian, 1997). In graminaceous crops and grasses,
arabinoxylan accounts for up to 40% of the primary
walls (Carpita, 1996) making it a target for breakdown
by potential pathogens. The enzymatic adaptation

of cereal pathogens to production of predominantly
xylanases (Braun and Kelman, 1987; Cooper et al.,
1988) might also be a refelection of their basic compat-
ibility established with their monocotyledonous hosts.

Other evidence suggest that fungal xylanases might
be key biochemical components in pathogenesis. In
rice, fungal xylanases killed cultured cells (Ishi, 1988),
and in tobacco they elicited defense responses such
as tissue necrosis, electrolyte leakage and ethylene
biosynthesis (Bailey et al., 1990).

However, these evidence are circumstantial and the
demonstration that xylanases are important factors in
fungal pathogenesis has not been accomplished. Of all
methods that have been employed to demonstrate this,
targeted gene disruption is the most direct and strin-
gent approach. The method has been used to charac-
terize xylanase genes from at least the two important
cereal pathogens, Cochliobolus carbonum and Magna-
porthe grisea (Apel-Birkhold and Walton, 1996; Apel
etal., 1993; Wuetal., 1997). Disruption of the xylanase
genes from these fungi caused significant loss in
xylanase activity but failed to produce non-pathogenic
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phenotypes. Fungal cell wall degrading enzymes form
complex systems where several of such enzymes are
secreted during infection. Thus, it is assumed that
the disruption of one enzyme might be complemented
by the activity of other secreted enzymes (Annis and
Goodwin, 1997; Hamer and Holden, 1997). However,
new insight on the role of cell wall degrading enzymes
is emerging in a concerted approach of using gene
disruption and cytological analysis together with gene
expression studies. Have and co-workers (1998), found
that disruption of Bcpgl, one of the genes encoding
endopolygalacturonase of Botrytis cinerea, reduced its
colonization by 22-50% and concluded that PG is
required for full virulence in B. cinerea. Detection of
the expression of cloned putative pathogenicity genes
during penetration and invasion has been possible using
sensitive techniques such as reverse transcription poly-
merase chain reaction, even when the gene expression
level appears to be low to be detected by northern blots
(Di Pietro and Roncero, 1998; Giesbert et al., 1998).
Helminthosporium turcicum Pass (Exserohilum tur-
cicum Pass, Leonard and Suggs), is an important
pathogen of maize causing significant losses in warm
and humid maize growing areas of the world. The
pathogen produces high xylanase activity when cul-
tured on isolated maize cell walls as a sole car-
bon source, and we have previously purified (Degefu
etal., 1995) an approximately 22.5 kDa xylanase which
belongs to the family 11 xylanases (Liibeck et al.,
1997). We now report the cloning, sequencing and
expression both in vitro and in planta, of an endoxy-
lanase gene from the fungus as a step towards the
molecular characterization of its role in pathogenicity.

Materials and methods

Organisms, plasmids, chemicals, media and
culture conditions

Helminthosporium turcicum isolate H-2 (Awassa,
Ethiopia) isolated from infected maize leaf, was
stored as a conidial suspension in 20% glycerol at
—20°C. Liquid cultures of H. turcicum were grown
in minimal salt medium (Degefu et al., 1995) sup-
plemented with 1% glucose or 1.5% birchwood
xylan (Sigma) as carbon source. For DNA iso-
lation the fungus was grown in Potato Dextrose
Broth (Difco). Cloning, plasmid amplification and
preparation, using the Escherichia coli strain DHS5«
(Life Technologies Inc. Gaithersberg, MD, USA)

followed routine protocols (Sambrook et al., 1989). The
E. coli strain LE392 (Stratagene, La Jolla, California,
USA) was used for production of genomic library
constructed in Lambda DASH II/Bam HI cloning kit
(Stratagene) and lambda phage infection for plaque
lifting. All subclonings were carried out in the vector
pBluescript Il SK(+4) (Stratagene). Except where stated
otherwise, all restriction and modifying enzymes were
from Promega (Madison, WI).

Nucleic acid isolation and analysis

Genomic DNA from H. turcicum was isolated accord-
ing to Yoder (1988). For Southern hybridization, about
3 ug of genomic DNA was digested with appropri-
ate restriction enzymes, size separated on a 0.7%
agarose/Tris-Acetate (TAE) gel and capillary blotted
to a positively charged nylon membrane (Boehringer
Mannheim). The membranes were hybridized at 68 °C
for at least 18 h in the presence of non-isotopic digoxi-
genin labeled cDNA probe (Boehringer Mannheim) in
a modified Church and Gilbert solution (Vahala et al.,
1998), and later exposed to Fuji X-ray films.

Total RNA was isolated from fresh mycelium of
H. turcicum cultured in minimal medium supplemented
with 1.5% birchwood xylan or 1% glucose following
the protocol by Chang et al. (1993). For analysis of
gene expression in vitro, RNA blotting was carried out
following standard procedures (Sambrook et al., 1989).
Equal loading of RNA was confirmed by ethidium bro-
mide staining. Hybridization and washings were done
in a modified Church buffer as in Southern blotting.

Isolation and characterization of the htxyll gene

PCR amplification of a xylanase gene fragment from
the genomic DNA and cDNA template was carried
out as described by (Liibeck et al., 1997). PCR prod-
ucts were purified by Prep-A-Gene DNA purification
systems (BioRad). The fragments were cloned into
pBluescript IT SK(+) at the EcoRV site. The cloned
fragments were sequenced and used as a probe for
screening the genomic library to isolate the correspond-
ing xylanase gene.

The genomic library of H. turcicum was con-
structed following standard procedures as described in
Liibeck et al., 1997. From the genomic library, recom-
binant phages were plated and replica membranes
(Boehringer, Mannheim) were made. Hybridization
and washings were performed as in Southern blotting.



Table 1. Primers used in the study

Primer Sequence

3475  5'GGITGGAA (C/T) CCIGGIAC (A/C/G/T)
GC (A/C/GIT) (A/C)G3'
3476  S'TTI(C/G) (A/T) IGCCCAIGC (A/G) TC
(A/G) AA (A/G) TG 3
YD-2 5'GCCCGCGCTACCTACACCAA (C/T)GG 3/
YD-6b 5'TTTCTGGATCCTTACGGGCAGTTGACAGTGAT 3/
YD-7 S TTTCTTCCATGGTTTCTTTCACCTCCATCAT 3’

Positive plaques were purified by three rounds of
plaque lifting and hybridization. DNA from selected
phage of the genomic library was purified using Qiagen
columns. Isolation of putative xylanase lambda clones,
subclonings, and other routine procedures were per-
formed essentially as described in standard protocols
(Sambrook et al., 1989). Specific primers YD6b and
YD?7 (Table 1) were designed based on the nucleotide
sequence of the cloned xylanase gene. The full length
cDNA of the xylanase transcript was amplified by PCR,
cloned and sequenced.

The DNA sequencing was done on both strands using
the BigDye terminator kit and analysed on an ABI
377XL automated DNA sequencer (Perkin-Elmer).
The obtained sequences were assembled using xgap
in the Staden Package program on a SUN workstation
(Bonfield et al., 1995).

RT-PCR and Southern hybridization in
infected maize plants

To determine whether hzxyll is expressed by
H. turcicum during infection, two-week-old maize
plants were inoculated with conidia of the pathogen.
Reverse transcription-polymerase chain reaction
(RT-PCR) was performed using the primers 3475 and
3476 (Table 1) to detect the presence of htxyll tran-
script in infected leaves collected 2, 3, 4, 5 and 6 days
after inoculation. One microgram of total RNA (treated
with RNases free DNases, Promega, Madison, WI)
isolated from infected and control maize plants was
used and reverse transcribed into cDNA using ALV
reverse transcriptase (Reverse transcription system,
Promega, Madison, WI) with the antisense primer.
The RT reaction product was used for the PCR ampli-
fication using the primers 3475 and 3476. The PCR
conditions were as follows: one cycle of denaturation
at 95 °C for 2 min, annealing at 60 °C for 2 min, exten-
sion at 72°C for 3 min, and 34 cycles of denaturation
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at 94°C for 30s, annealing at 60°C for 1 min and
extension at 72°C for 2min. As a positive control,
RT-PCR was performed on total RNA isolated from
mycelium grown for 7 days on 1.5% (w/v) birch wood
xylan whereas genomic DNA of H. turcicum was used
as a template for PCR reaction to compare the size of
the amplified fragment with or without the intron.

The amplified fragments were cloned into pGEM T
(Promega, Madison, WI) and sequenced in order
to check their identity. For Southern analysis, elec-
trophoresis of the amplified PCR products was done on
1.6% agarose gel followed by transferring to a nylon
membrane and hybridization with the digoxigenin
labelled cDNA of htxyll. Hybridization and post-
hybridization washes were done at stringent conditions
as described above.

Results and discussion
PCR amplification of a xylanase fragment

As a first step in the cloning of the xylanase gene
from H. turcicum, the degenerate primers 3475 and
3476 (Table 1) were used in PCR to amplify a
xylanase gene fragment from both genomic DNA
and cDNA. Fragments of 398 and 336Dbp, respec-
tively, were obtained and cloned. The fragments
were sequenced and homology search from the inter-
national DNA database indicated that the cloned
fragment had a high degree of similarity to other fun-
gal xylanases. Genomic Southern blot analysis using
high stringency conditions (Figure 1A) confirmed that
the cloned xylanase gene fragment originated from
H. turcicun DNA. The results also suggest that
there are no xylanase sequences related to the
cloned xylanase gene in H. turcicum genome because
hybridization and washings even at less stringent
conditions (42°C) did not reveal additional cross
hybridizing sequences (data not shown). This is con-
sistent with previous findings of a single protein with
such activity (Degefu et al., 1995). It seems appar-
ent that H. turcicum does not share the multiplicity
of xylanase which is observed in most other fungi
where isozymes differing in isoelectric point, molec-
ular weight and often in their regulation have been
reported (Apel et al., 1993; Wong et al., 1988; Wu
et al., 1995). Although, we cannot exclude the pos-
sibility that (1) there might be other xylanase(s) in
H. turcicum which are more weakly expressed in
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Figure 1. (A) Southern blotting of genomic DNA from H. turcicum using a digoxigenin labelled cDNA of htxyll and showing the presence
of a xylanase gene in the genome. The cDNA probe was amplified from total RNA isolated from xylanase induced culture using primers
YD-2 and 3476. (B) Northern blotting showing xylanase gene expression when H. turcicum was grown on birchwood xylan as a sole
carbon source (lane 2) and the lack of xylanase gene expression when the fungus was cultured on glucose (lane 1). The same probe was

used for both Southern and northern blots.

culture under the tested conditions, and thus difficult
to purify and (2) there might be a totally unrelated
sequence to the cloned xylanase gene, this study
suggests the existence of only one xylanase gene in the
H. turcicum genome.

Cloning of the htxyll from H. turcicum

Cloning of the full length xylanase gene was achieved
by screening H. turcicum genomic library using the
gene specific probes generated above. Approximately,
1.5 x 10° plaques were screened and two recombinant
clones (plaques) were identified. One of the two pos-
itive plaques was selected for further characterization
by restriction enzyme and Southern blot analyses. The
xylanase gene was identified as two Pst I fragments
of about 1500 and 500 bp fragment from the N- and
C-terminal part of the xylanase gene, respectively.

The fragments were cloned and sequenced in both
directions. The nucleotide and deduced amino acid
sequences of the entire xylanase gene from H. turcicum
are shown in Figure 2.

Sequence analysis of htxyll

The sequenced genomic clone of 1991 bp (Figure 2)
covers the entire putative endo-1,4-8-xylanase gene
of 795bp including two introns of 52bp (intron I)
and 62 bp (intron II). A non-coding region of 1147 bp
precedes the structural gene, and another non-coding
region of 46 bp follows the TAA stop codon. No typi-
cal polyadenylation site for termination (Gruber et al.,
1998) was identified in this region. A typical TATA box
is located proximal to the start codon (ATG) at position
no. 1054, which also includes a typical transcription
start point (TSP) pyAAG. The only CCAAT motif is
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PstI
ctgcaggcgtacggaaagataggctttgcgggtgtccggttactecggtactagageccgaa 60
cgggactgtgagaaggagatgagggcggaaacgcccgggccattggtctggetgggettg 120
gcatcaaacaccacgggtttgccagtcgtctccacttcacttecccecttgttecteeget 180
agcctacatactacatactgacaaacagtgtggatactgccaaaatgtgtgtgtgtgtgt 240
gtgtgtgggaaacacctgtcgcccaaggcaagccagcgaatttecegttttecttttgeg 300
cttggacggccccgegctaatcccegtgetgtettgtectgcaaatecccteccggecegt 360
acctgaatatcaccggtgaacgccagcgtagagagaccgagaaatacgacgttccgacta 420
gcagcaatacgcatgtggcaatgtatacatacatgcatacctctccgectgcttccaagaa 480
tacaaagccctccgaagcttcacgttgattgececgectetegggtccacgattcaagtegt 540
cctgccaagtcattgtttaaccgttggtaaaatttaaaagtggaaaacttggcatatgeca 600
tgggaatgagatggtggtggcacgagtggaggtgtcttgttagcatcgtageccgtacacce 660
tagtgcgcctagatgcagccgeccgccacaccagacggagatatggcagectctaaattaa 720
tgggactgcaccgcccttgtcccgeccgecatgtttcagectectccatccaatcacgge 780
ttatgactttctcgaaatgggcaaaccgtttgcatgctggtctggtactattggeccata 840
tgggctcctecttggacgcattctgtgatgaaagagccaagacgtacagattactcecctect 900
tccgctacagecttttgatctacatecctagettctagtggatagaatcccgecatcatga 960
cgagaatgcttgtcttggctctgtcgagectccateccgggegtatctececttgacggeca 1020
tgctgctgtggacatttgcaacagcgacagcgagtataaagccatcctggaccagecteg 1080
aaaacaggagcacaaccaccgcacatcacttcctttcecgecttcaacgactttgagtacatce 1140

attcacaATGGTTTCTTTCACCTCCATCATCACTGCTGCTGTTGCGGCCACTGGCGCTCT 1200
M Vs F TS I I T™A AUV A A T G A L

CGCCGCCCCCGCTACCGACATCGCTGCCCGCGCTCCCAGCGACCTCGTTGCCCGCCAGAG 1260
AlA P A TDTIAA AR APSDILV AR Q S

CACTCCCAACGGCGAGGGAACCCACAACGGCTGCTgtaagttgtttctcagageccataca 1320
T P N G E G T H N G C

aacacactagctgacccatctctctagTCTACTCCTGGTGGTCTGATGGCGGTGCCCGGG 1380
F Y S W W S D G G A R

CTACCTACACTAACGGAGCCGGAGGCAGCTACAGCGTAAGCTGGGGAACTGGCGGCAACC 1440
A T Y T NGA G G S Y SV S W G T G G N

PstI
TCGTCGGTGGAAAGGGCTGGAACCCAGGAACTGCCCGgtaageccacccttttgetgecage 1500
L V G G K G W NP G T A R
atgtataacgcattgcagccctgactaacacactcaaagCACCATCACCTACTCGGGCCA 1560

T I T Y S G Q

GTACAACCCCAACGGCAACTCTTACCTCGCCATCTACGGCTGGACCCGCAACCCGCTCGT 1620
Y N P NG N S Y L A I ¥ GW T RNUPUL V

CGAGTACTACGTCGTCGAGAACTTTGGCACGTACGACCCGTCGTCGCAGGCGCAGAACAA 1680
E Y Y v VvV ENVF G T Y D P S S Q A Q N K

GGGCACCGTCACCTCGGACGGCTCCTCGTACAAGATTGCCCAGTCCACCCGCACCAACCA 1740
G T VT S DG S S Y KIAQ STTU RTNOQ

GCCGTCCATCGACGGCACCAGGACCTTTCAGCAGTACTGGTCTGTTCGTCAGAACAAGCG 1800
P S I D GG T R T F Q Q ¥ W S V R Q N K R

CTCGTCCGGCTCCGTCAACATGAAGACGCACTTTGACGCCTGGGCCAGCAAGGGCATGAA 1860
S §$S G S VN M K T H F DA WA S K G M N

CCTCGGTTCTCACTACTACCAGATTGTCGCTACTGAGGGCTACTTCTCCTCTGGCAGCGC 1920
L G S HY Y QI VATESGY YV F S S G S A

TTCCATCACTGTCAACTGCCCGTAAatagggttagcttcaccctttattcatggeccatgg 1980
s I T VvV N C P *
PstI
cttgactgcag 1991

Figure 2. The nucleotide and deduced amino acid sequence of xylanase from H. turcicum. The non-coding sequences including the
two introns are indicated by lower case letters. Determined amino acid sequences of tryptic peptides derived from H. furcicum xylanase
(Degefu et al., 1995) are shown in bold. The TATA boxes, putative CAAT motifs and the translation initiation sites are underlined. The
L-sign at position 1204 (amino acid 19) indicates the putative cleavage site for the signal peptidase. The sequences which match the PCR
degenerate primers are indicated with double lines over the sequence. The # indicates the amino acid discrepancy. The sequence has
EMBL accession no. AJ238895.
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located at position 770, which is atypical for filamen-
tous fungi (Gruber et al., 1998) where the motif is nor-
mally situated between 60 and 120 bp proximal to the
cap site. The sequence around position 1148 is a typical
translation initiation site, 5'-CACAATG-3', and agrees
with the consensus sequence (5'-CA C/A A/C ATG-3')
found in higher eukaryotes and filamentous fungi
(Heinemeyer et al., 1999; Perez-Gonzale et al., 1996).

The derived amino acid sequence is 227 amino
acids for the deduced pre-protein which is the same
size as an analogous amino acid sequence from A. pisi
(Liibeck et al., 1997). The data obtained from amino
acid sequencing (Degefu et al., 1995) is identical with
the amino acid sequence deduced from the cloned
genomic DNA and cDNA sequences. This confirms
that the cloned xylanase gene codes for the identified
mRNA and protein. The eight earlier sequenced tryp-
tic peptides from the H. turcium xylanase (Degefu
et al., 1995) were identified; but with one discrepancy;
threonine instead of glycine at amino acid number
158 (Figure 2). The discrepancy was due to an error
in the amino acid determination of peptide number 2

1
MVSFTSIITA

AVAATG-ALA APATDIAAR-

H.turcicum
C.carbonum’

(Degefu et al., 1995). Sequence data from the cDNA
showed that the xylanase gene contains two introns
which is less common for family 11 xylanases. To our
knowledge this is the second xylanase gene, the XYL2
from C. carbonum (Apel-Birkhold and Walton, 1996)
being the other xylanase in the family 11, which con-
tains two introns. Both putative introns contain typical
intron signals (Gruber et al., 1998; Liibeck et al.,
1997) (Figure 2). Comparison of the deduced amino
acid sequence of the endoxylanase gene with those of
other endoxylanases (Figure 3) compiled in the Gen-
Bank/EMBL Data Bank revealed high similarity to the
endoxylanase (XYLI) of C. carbonum (95%) (Apel-
Birkhold and Walton, 1996) and A. Pisi (85%) (Liibeck
et al., 1997) and xylanases from other filamentous
fungi (Figure 3). A typical signal peptide cleavage
site (Yaguchi et al., 1992) after amino acid number 19
(nucleotide number 1204) gives a hypothetical mature
protein of 208 amino acids (Figure 2). The structural
gene has a base composition of 21.0% A, 35.6% C,
24.3% G and 19.1% T, which is nearly the same as the
base composition of the xylanase gene from A. pisi
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Figure 3. Amino acid sequence alignment of closely related fungal xylanases. H. turcicum (this report) (AJ238895); Cochliobolus

carbonum (Apel-Birkhold et al., 1996; Apel et al.,
(Z68891); Thermomyces lanuginosus (Gruber et al.,

1993): (L13596)", (U58915)%, (U58916)*; Ascochyta pisi (Liibeck et al.,
1998) (040397); Humicola insolens (Dalbgge et al.,

1997)
1994) (P55334); Emericella

nidulans (Perez-Gonzalez et al., 1996) (P55332); Magnaporthe grisea (Wu et al., L997) (L37529); Trichoderma reesei (Torronen et al.,

1992) (P36217).
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Figure 4. Reverse transcription polymerase reaction (A) Southern hybridization (B) based expression analysis of htxyll in planta. RNA
from different infection stages (2-6 days) and mycelium grown in xylan culture (Xyl control) reverse transcribed into cDNA by ALV
served as template for RT-PCR reaction with primers specific to hzxyll. Total genomic DNA of H. turcicum (DNA control) was used in
the PCR to compare the size of the amplified product with or without the intron (398 and 336, respectively). Aliquot of the PCR products
were run on 1.6% agarose gel with GeneRuler 100 bp DNA ladder marker (MBI Fermentas, Vilnius, Lithuania). Southern hybridization

was done with digoxigenin labelled cDNA of htxyll.

(Liibeck et al., 1997). The amino acid composition
of the whole coding region is 33% hydrophobic, 54%
hydrophilic, 5% acidic and 8% basic. The use of
nucleotides in the third position of the codons are 3.5%
of A, 57.3% of C, 20.7% of G and 16.3% of T. There
is a clear preference for a pyrimidine and especially a
C in the third position of the codons (data not shown).
Where a purine is found in the third position, G is used
in preference to A (all situations except one), and the
AGN codons for Argenine and Serine are very infre-
quently used. All these conditions are characteristic of
highly expressed genes in filamentous fungi (Gruber
et al., 1998; Teeri et al., 1987).

Expression of htxyll in vitro

In vitro expression of htxyll was determined by
northern blot analysis of total RNA from mycelia
of H. turcicum grown for seven days in a minimal
medium (Degefu et al., 1995) supplemented with 1.5%
birchwood xylan or 1% glucose. The cloned xylanase
gene was strongly expressed in a medium contain-
ing xylan as the sole carbon source but no transcript
of the gene was detected in the RNA sample isolated
from H. turcicum cultured on glucose as sole carbon
source (Figure 1B). This is consistent with our previous
findings of the enzyme induction under culture condi-
tion (Degefu et al., 1995). Many xylanases (Royer and
Nakas, 1989) and other microbial wall depolymerases

(Dean and Timberlake, 1989), are subject to catabolite
repression and substrate induction. The lack of expres-
sion of xylanase when H. furcicum was grown in a
media containing glucose as a sole carbon source sug-
gests that this fungus is also under regulation of catabo-
lite repression and substrate induction.

Expression of htxyll in infected maize plant

RT-PCR with gene specific primers used to reveal the
presence of htxyll transcript in infected maize leaves
at different times after inoculation showed fragment of
the expected size (336 bp) which was absent in uninoc-
ulated control plants (Figure 4A). Expression of htxyll
was detected in all infection stages described above.
As expected the DNA control gave a product of 398 bp
fragment which included the 62bp intron. Southern
hybridization (Figure 4B) carried out at high stringent
conditions confirmed that the amplified fragment was
derived from h#xyll. Cloning and sequencing of the
amplified fragment proved that the sequence matched
exactly with the genomic clone except for the absence
of the intron.

Conclusions

The cloned xylanase gene is very highly induced
when H. turcicum is cultured on isolated maize cell
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walls. Previous results (Degefu et al., 1995) and this
study suggest that H. turcicum does not share xylanase
multiplicity observed in other cereal fungal pathogens
(Apel-Birkhold and Walton, 1996; Apel et al., 1993;
Southerton et al., 1993; Wong et al., 1988; Wu et al.,
1995). As multiplicity of xylanase has been regarded
as one factor which complicated earlier xylanase gene
disruption studies (Apel-Birkhold and Walton, 1996;
Apel et al., 1993; Wu et al., 1997), the likely occur-
rence of a single xylanase gene in H. turcicum genome
offers a unique opportunity to evaluate the role of
xylanase in pathogenesis. The results indicate that the
cloned xylanase gene was expressed during infection of
maize by H. turcicum. By definition, a pre-requisite for
pathogenicity factors is that they are expressed during
penetration and invasion of the host plant. Hence, the
presence of the transcript for the xylanase enzyme at all
stages of infection under the tested conditions suggests
that xylan degradation may be involved in the disease
process. Molecular genetic work for a transformation-
mediated gene disruption and a more detailed charac-
terization of the gene to determine its involvement in
pathogenesis will be carried out.
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