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Sclerotinia sclerotiorum fungus has three endoxylanases in-
duced by wheat bran. In the first part, a partial xylanase sequence 
gene (90 bp) was isolated by PCR corresponding to catalytic do-
mains (β 5 and β 6 strands of this protein). The high homology of 
this sequence with xylanase of Botryotinia fuckeliana has permit-
ted in the second part to amplify the XYN1 gene. Sequence analy-
sis of DNA and cDNA revealed an ORF of 746 bp interrupted by 
a 65 bp intron, thus encoding a predicted protein of 226 amino 
acids. The mature enzyme (20.06 kDa), is coded by 188 amino 
acid (pI 9.26). XYN1 belongs to G/11 glycosyl hydrolases family 
with a conserved catalytic domain containing E86 and E178 
residues. Bioinformatics analysis revealed that there was no 
Asn-X-Ser/Thr motif required for N-linked glycosylation in the de-
duced sequence however, five O-glycosylation sites could inter-
vene in the different folding of xylanses isoforms and in their sec-
retary pathway. [BMB reports 2011; 44(10): 653-658]

INTRODUCTION

Bacterials and fungals plant-pathogenic organisms produce a 
variety of enzymes that can degrade the polysaccharides of 
plant cell wall (Cell Wall Degrading Enzymes CWDE), includ-
ing pectinases, glucanases, cutinases, cellulases and xylanases 
(1). Many of these CWDEs can occur in multiple isoenzymes 
that differ in isoelectric point, molecular weight, processing or 
transcriptional regulation (2). Therefore, xylanases might be im-
portant virulence factors for at least some pathogenic organ-
isms (3). These enzymes have been well documented and in-
tensively studied. They are known to be made by a number of 
fungi (4), bacteria (4, 5) and yeast (6). Endo-1-4-β-xylanases (EC 
3.2.1.8) are subdivised into two families, which are analogous 
to glycohydrolase families 10 and 11 (7). Family 10 xylanases 
have higher molecular (＞30 kDa) and acidic pI whereas family 
11 has low molecular weight (19≈25 kDa) and basic pI (8, 9).

　In fact, Sclerotinia sclerotiorum infects over 400 species of 
plants worldwide including important crops and numerous 
weeds (10). This fungus secretes a full complement of CWDEs, 
which can facilitate penetration, macerate tissues and degrade 
plant cell wall components (11, 12). To our knowledge, only 
some of CWDEs of this fungus have been characterized (2), 
such as pectinases (13), proteases (14), cellulases (11), β-Gluco-
sidases (15) and glucoamylases (16). Recently we have identi-
fied a new xylanases secreted from S. sclerotiorum S2 induced 
by wheat bran used as carbon source. We have also used these 
xylanases as a processing aid for orange juice clarification (17, 
18). So, it is important to analyze and to characterize the xyla-
nase gene in order to understand its role in the virulence system 
and to valorise this enzyme in the industrial process.
　In this paper, we reported the nucleotide and the amino 
acid sequences of the new xylanase’s gene from S. sclerotio-
rum. The analysis and the predicted protein structure of XYN1 
determined its classification as a G/11 family glycosyl hydrolase. 

RESULTS AND DISCUSSION

Classification of xylanase gene 
In the first part, a partial sequence of xylanase (90 bp) was 
obtained. It is noted FF-FR, encoding for 30 amino acids (AA) 
(GNAYLAVYGWTTSPLIEYYIMETKNLRVTI) and showing a 
consensus EYYI which matched the conserved region of all xy-
lanases proteins (19). The DNA sequences alignments have a 
high degree of similarity in nucleic and amino acids with other 
fungal xylanases (data not shown). The FF-FR xylanase se-
quence (90 bp), has permitted to define the phylogenetic posi-
tion of the fragment S. sclerotiourm xylanase. It is classified 
among genes coding for family 11 of glysosyl hydrolases and it 
shows a high homology (89%) with Botryotinia fuckeliana xy-
lanase’s gene (20). These two fungi have the same taxonomy 
and belong to Sclerotiniaceae family. The classification of this 
sequence (FF-FR) gene was investigated using NCBI-Blast with 
family 10 and 11 from fungal and bacteria xylanases. 

Amplification of xylanase gene XYN1 
In the second part of this work, the full xylanase gene from S. 
sclerotinia S2 was amplified by PCR reaction using BO7 and 
BO8 as primers. A sequence of a 746 bp was amplified (Fig. 
1A) and cloned in pGEM-T-easy. Then RT-PCR product was 
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Fig. 1. (A) PCR Amplification of xylanase DNAg and cDNA induction gene (XYN1) from Sclerotinia sclerotiorum S2: PCR reaction of DNA 
genomic (746 bp: Line 1) and cDNA (681 bp: Line 2); DNA was loaded on a 2% agarose gel. Lane M: DNA molecular standards (100 
bp from BIO BASIC INC). (B) Nucleotide sequence of xylanase XYN1 of S. sclerotiorum and its deduced amino acid sequence. The N-ter-
minal of the proteolytic region is underlined. Putative cleavage signal site is designed by (↓). The intron site of 65 bp is represented and 
framed at position 278 to 343 bp

cloned and sequenced (Fig. 1B). The xyn 1 (681 bp) includes 
only one intron of 65bp in 278 to 343 position, such as the ma-
jority of G/11 xylanases (21, 22). It has a typical intron signal 
identified at 5’ site by G/GTAAG (consensus for filamentous 
fungi: G/GTANG) and at 3’ CAG (consensus for filamentous 
fungi: (C/T) AG) (23). The cDNA coding for a pro-protein, is 
represented by 226 amino acids and presents 88% of homol-
ogy to Botryotinia fuckeliana xylanase (Fig. 2).

Analysis of xylanase gene XYN1
Putatives cleavage sites were identified in the deduced amino 
acid sequence: two sites were identified in the N-terminal and 
one in the C-terminal region. The first is a peptide signal se-
quence characterised by X-Pro dipeptides (24). This putative 
cleavage signal site was determined by Antheprot 2000 V 6.0 
program after amino acid S19 (17VFSAPA22). The same cleavage 
site is identified in Botryotinia fuckeliana xylanase (25), while 
in xylanases from Ascochyta pisi (21) and from Helminthospo-
rium turcicum (26) this site was identified in amino acid A19. 
The existence of a signal peptide serves for protein trans-
location over the endoplasmic reticulum membrane and inter-
venes in its maturation pathway (9). The second cleavage site, 
due to the presence of endopeptidase (from Kexin family) 
cleaves the peptide bond after R35 basic motif of 34ER-RL37 
sequence. The kexin family of proteases has been identified in 
yeast by Kex 2 (27) and in Aspergillus niger by Kex B (28). The 
putative cleavage signal gives a mature protein XYN1 (Fig. 3) 
coded by 188 amino acids corresponding to 20.06 kDa, with a 
pI 9.26. In this regard, there was no Asn-X-Ser/Thr sequence 
motif required for N-linked glycosylation in the deduced ami-
no acid sequence, as described previously in xylanase from 
Aureobasiduim pullulans Y2311-1 (29) or from other fungi. 
However, five potentials accessibility sites to O-glycosylation 

in the mature protein (T3; T4; T7; T95 and T109) were postulated 
by NetOGlyc 3.1 server: (G-score is ＞0.5). The glycan is co-
valently attached to proteins on hydroxyamino acids Ser/Thr 
(30) and can have a profound influence on their phys-
icochemical properties; as well as on their folding, solubility, 
aggregation, and propensity to be degraded by protease activ-
ity (31). The difference of three xylanases isoforms induced 
previously by wheat bran, from S. sclerotiorum (17) could be 
probably due to the post translation maturation (PTM) of pro-
teins: such as O-linked glycosylation sites by the numbers of 
mannose residues and their ramification mode (32). 
　The secondary structure of xylanase XYN1 shows the same 
topology diagrams characteristic of endoxylanases of G/11 
family (9) and that has been determined for several enzymes 
from both bacteria and fungi (19). This sequence constituted 
mostly of antiparallel β-strands (A and B) and one short alpha 
helix, which starts with its unique histidine residue. This en-
zyme is represented successively by B2-A2-A3-B3-A5-B5-B6- 
Cord-B9-B8-Thumb-B7-A6-Helix-B4-A4 (determined by Anthe-
prot 2000 V 6.0.program). XYN1 has in position 45 an N as 
Amino acid. It proves to influence the optimal pH value which 
previously obtained (pH 5) (17). 
　In fact, it is reported in xylanases that there is a correlation 
between N or D amino acids and optimal pH (21, 33). The 
G11 family xylanases with optimal pH ＜5.0 have an aspartic 
acid (D) adjacent to their general acid/base catalytic residue, 
while those with optimal pH ≥ 5.0 have an asparagine (N) in 
the same position. This protein sequence like other xylanases 
presents four boxes found along the alignment. They are repre-
sented by B5, B6, B8 and the helix defined as PSCRs 
(Predicted Structural Conserved Region) (19). Strand B5 is de-
fined particularly by 77YGW79 residues in S. sclerotiorum. Y77 
Residue is strongly hydrogen bonded to the catalytic glutamate 
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Fig. 2. Phylogenic relationship of S. sclerotiorum S2 Xyn1 with 
other xylanases of G/11 family hydrolyses using EBI Tools Clust-
alW2.url. aa: Amino acid. Fungis: Sclerotinia sclerotiorum S2 226-
aa; Botryotinia fuckeliana 227aa (AAZ03776); Penicillium funiculo-
sum Xyn (BCAD33900); Penicillium sp40 221aa (BAA88421); 
Aspergillus tubingensis xynA 211aa (AAB05996); Aspergillus usami
225aa (ABC26492); Aspergillus oryzae 232aa (BAB20794); Emeri-
cella nidulans 221aa (CAA90074); Fusarium oxysporum XYL5 
231aa (AAK27975); Claviceps purpurea 216aa (CAA76470); Tri-
choderma sp. SY 220aa (AAN78423); Trichoderma viride 229aa 
(ABK59833); Hypocrea jecorina (CAA49294); Neurospora crassa
XYNA 293aa (CAE76228); Verticillium dahliae 250aa (ABE02800); 
Aureobasidium pullulans var. melanigenum 221aa (BAB69655); 
Chaetomium thermophilum 261aa (CAD48749); Cochliobolus car-
bonum xynI 221aa (Q06562); Setosphaeria turcica 227aa (CAB5-
2417); Alternaria sp. HB186 231aa (ABG33753); Ascophyta pisi
227aa (CAA93120); Humicola insolens 227aa (CAA53632); Lentin-
ula edodes 283aa (AAL04152); Cryptococcus sp. S-2 209aa (BAA-
09698); Insect: Phaedon cochleariae 217aa (CAA76932); Bacterias: 
Bacillus subtilis 213aa (CAA84276); Bacillus pumilus 228aa (ABI9-
3796); Clostridium saccharobutylicum 261aa (AAA23287); Strepto-
myces sp. S38 190aa (1HIXA).

E86 (the nucleophile) of the B6 strand. The importance of this 
residue was reported previously in Bacillus circulans XLNA 
since its mutation to F leads to an inactive enzyme (34). 
Involvement of two glutamate residues in catalysis E86 (strand 
B6) and E178 (strand B4), one acting as the catalytic nucleo-
phile and the other as the acid/base catalyst in a double-dis-
placement mechanism (19, 35). 
　The analysis of XYN1 from S. sclerotiorum as its homolog 
from Botryotinia fuckeliana indicated the absence of cysteine 
and methionine amino acid in mature protein. As a con-
sequence, the three-dimensional structure of this protein 
shows no S-S bond. In fact, xylanases proteins typically do not 
contain Cys. However, xylanase’s fungal from Lentinula ed-

odes xyn11A has four-cysteines in its cellulose-binding do-
main (19). So, cysteine residues are not common in xylanases 
sequences and disulfide bridges are not important in explain-
ing the stability of several thermophilic xylanases (36). Also it 
seems that they are not involved in XYN1 thermostability. In 
fact, we have previously demonstrated that the optimal activity 
of this enzyme is at 65°C, while it is inactivated respectively at 
70°C and 80°C after 20 and 5 min of incubation (17). 

The predicted three dimensional structure of XYN1
The predicted structure was designed by Swiss-Pdb Viewer 
(37) and by Antheprot 3D Viewer Molecular modeling soft-
ware (Fig. 4A). This enzyme shows the same profile of xyla-
nases from family 11, represented by antiparallel β-strands and 
one short alpha helix (designed by H155 residue), resembles as 
a partially right hand, in which the catalytic domain folds in 
the crevasse (designed by E86 and E178). The conserved amino 
acids, in which defined the β-strands, especially the PSCRs are 
shown in Fig. 4B.
　The presence of a series of surface aromatic residues (Fig. 
4C), stabilizing the XYN1 through ‘stick patch’ between inter-
molecular hydrophobic interactions contributed to the thermo-
stability (19). These residues are common with other xylanases 
such as Tyr, Trp, and Phe. Three Aromatic–NH interactions 
(between Y14-Y13; Y15-Y14 and D97-Y96) are determined by 
Ar-NHPred server (38). The predicted residues are respectively 
donor and acceptor, in which the NH moiety is interacting 
with the aromatic ring. Other well-conserved aromatic resi-
dues are probably involved in interactions with the substrate 
for stabilising the folding of XYN1. 
　In this work we report for the first time the characteristics of 
xylanase XYN1 sequence’s from S. sclerotiorum S2 in which 
we find a significant identities with the family G/11 xylanase. 
The absence of cysteine in XYN1 may not have any effect on 
protein activity and its stability. This deficit is filled by ar-
omatic interactions and by Van Der Waals intermolecular 
forces. Therefore, understanding the structural basis for this 
protein has a considerable biological and biotechnological im-
portance as its effect in the fungi pathogenesis and in the in-
dustrial process.

MATERIALS AND METHODS

Organism and culture condition
S. sclerotiorum was isolated from sunflower (local isolate from 
Tunisia). It was obtained from the fungi collection of the 
Cryptogamy Laboratory (INRAT-Tunis). 

Extraction of total DNA and RNA
For DNA extraction, the fungus was grown in PDB culture 
(Potato dextrose browth) as previously described (17). The ge-
nomic DNA (gDNA) was extracted from 300 mg fresh fungal 
mycelium using phenol/chloroform method (39). 
　For the RNA extraction, the mycelium fungus was grown 
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Fig. 3. Amino acid sequence alignment of xyn1 from S sclerotiorum S2 with Botryotinia fuckeliana from family G/11. The alignment was 
made by EBI Tools ClustalW2.url. and Bio Edit program V.7.0.0. The two glutamate residues E86 and E178 are represented by (§) symbol. 
N45 involving in optimum pH is represented by (*). The different residues are in gray. Primary and predicted secondary mature protein 
structure of xyn1, show only one α-helix and predominantly β-strand, anti-parallel designed by A and B (limited by a broken and a dotted 
↔ respectively). The topology diagram of this enzyme is represented successively by B1-B2-A2-A3-B3-A5-B5-B6-Cord-B9-B8-Thumb-B7-A6- 
Helix-B4-A4. The putatives O-glycosylation sites are indicated by (∑).

Fig. 4. The predicted modeling structure xylanase of S. sclerotiorum S2 and the conserved amino acids. (A) The overall structure of en-
doxylanase shows only one α-helix and predominantly β-strand. The active site is located in a cleft (E86- E178) formed in the middle of 
the overall β sandwich structure of the enzyme. (B) Position of some conserved amino acid. The N and C terminal region domain of this 
protein are represented respectively by R1 and V188. (C) Conserved aromatic–aromatic interactions. The predicted modeling structures of 
the enzyme XYN1 are created by Swiss-Pdb Viewer and Antheprot 3D viewer Molecular modeling software.

during 4 days in a minimal medium containing 1% (w/v) of 
wheat bran (17). This carbon source was used for inducing the 
expression of xylanase gene. Total RNA from freshly harvested 
fungal mycelia was isolated by RNA easyⓇ Plant Mini Kit from 
Qiagen. 

Amplification of xylanase gene XYN1
In the first part, the partial DNA fragment of the xylanase gene 
was amplified by polymerase chain reaction (PCR) using gDNA 
as template. The degenerate primers FF (5’-GGTAACGCTTA-
CCTCGCCNTNTAYGGNTG-3’) and FR (5’-TTGTAAGTACCG-
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TAGTTCTCCATGAYRTARTAYTC-3’) (N = A, C, G or T; R = A 
or G; Y = C or T; V = A, C or G). FF-FR primers were designed 
from the conserved sequences of xylanases catalytic site from 
family 11. The second primers BO7 (5’-ATGGTCTCAACCAA-
AACTCTCCTCTTAGCAGCC-3’) and BO8 (5'-CTAAGAAACCG-
TCACACTGGCGGACCCACTGC-3'), were deduced from amino 
acid sequence of xylanase of Botryotinia fuckeliana fungi (Gen-
Bank accession no.AAZO3776) (20), while relying on codon 
frequency table of S. sclerotiorum (www.kazusa.or.jp/codon/ 
countcodon.html). PCR (fragment FF-FR) producing 90 bp was 
performed in 50 μl reaction mixture containing: 50 ng of tem-
plate DNA, 25 ρmol of each primer; 10 mM dNTP and 0.5 U of 
Sure Start Taq DNA Polymerase (Stratagene) in 10X reaction 
buffer. The PCR (FF-FR) was performed at 94ºC for 10 min; 35 
cycles at 94ºC for 30 s, 35oC for 30 s and 72oC for 30 s; and fi-
nal extension at 72oC for 10 min. The second PCR (BO7-BO8) 
was used to amplify full length XYN1 gene (746 bp). The ampli-
fication was performed in 50 μl reaction mixture containing: 50 
ng of template DNA, 25 ρmol of BO7 and BO8; 10 mM dNTP 
and 0.5U of Go Taq DNA polymerase (Sigma St. Louis, MO, 
USA) in 10X reaction buffer. The conditions of this PCR are: 
94ºC for 3 min; 30 cycles at 94oC for 90 s, 60oC for 90 s and 
72oC for 90 s; and final extension at 72°C for 10 min. PCR was 
performed on a thermocycler (TC1, Perkin-Elmer). A 2 μg of to-
tal RNA was reverse-transcribed into cDNA using M-MULV 
Reverse Transcriptase (RNase Hminus) as described by provider 
protocol (BIO BASIC INC). The derived cDNA (681 bp) was am-
plified in the same conditions PCR of 746 pb using BO7/BO8 
primers.
　PCR products were separated by electrophoresis on agarose 
gels and visualized by ethidium bromide staining. The ob-
tained PCR product, were purified using a QIA quick gel ex-
traction kit (Qiagen). The PCR products FF-FR and Xyn1 (746 
bp and 681 bp) were cloned into pSTBlue-1/EcoR V (Strata-
gene) and into pGEM-T Easy (Promega) and they are se-
quenced using ABI 377 DNA sequencer. 
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