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SUMMARY

White-rot fungus P. chrysosporium has been reported to produce complex hemicelluloses degradation
enzymes including B-xylosidases. Genes encode for these enzymes have been predicted, namely B-xylosidase
A and B-xylosidase B, however, the functional of these genes have not been characterized. This study aimed to
clone a putative cDNA encoding for B-xylosidase B (PcXyiB) from P. chrysosporium BKM-F-1767. Sequence
analysisindicated the gene consisted of 981 nucleotides, coding for 326 amino acids. N-terminal containing 18
amino acids was identified as secretion signal peptide. The predicted secondary structure of PcXylB was
composed of 27 beta strands, while three catalytic size residues Asp37, Aspl52, and Glu221 were found to be
general base, pKa module, and general acid, respectively. PcXylB was constructed with expression vectors
pPICZA and pPICZaA and integrated into P. pastoris genome using electroporation method. The rPcXylB
secretion of recombinant pPICZA-PcXylB P. pastoris was driven by intrinsic secretion signal while pPICZoA-
PcXylBa P. pastoris was promoted of o-secretion signal from Saccharomyces cerevisiae. The rPcXylB
secrection was carried out by adding methanol to final concentration of 1 % for every 12 h. The recombinant
pPICZA-PcXylB constructed P. pastoris did not secret rPcXylB. Western dot-blot analysis showed the
difference on recombinant protein released among of twenty pPICZaA-PcXylBa transformants. Free-cell
medium culture of recombinant P. pastoris on the fourth day cultivation was harvested to purify enzyme using
anti his-tag column. Purified rPcXylB exhibited a single band of approximately 33 kDa on SDS-PAGE. The

present study was first report on the cloning and expression of putative P. chrysosporium B-xylosidase B.
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INTRODUCTION

Hemicellulose, the second abundant plant
natural component after cellulose, generally accounts
for 15-35 percent of plant dry weight. Hemicellulose
is composed of xylans, manans, xyloglucans,
glucomannans, and B-(1- 3, 1 - 4)-glucans. Among
them, xylans are maor hemicelluloses which
congtitute up to 50 percent dry weight in some
tissues of grasses and cereals (Girio et al., 2010;
Scheller, Ulvskov, 2010). Xylans are mainly
consisted of p-xylopyranosyl units linked by B-1,4-
glycosidic bonds with various side chains such as 4-
O-methyl-p-glucuronic acid and acetic acid in
hardwood, |-arabinofuranose residues in non-
acetylated softwood, or p-cumaric acid and ferulic
acid in grasses. The degradation of xylans are
usualy required a synergistic action of different
enzyme classes including endo-xylanase which
randomly hydrolyzes the internal B-1,4-glycosidic
backbone, vyielding short xylooligomers, (-
xylosidase acts as exo-type to cleave xylooligomers

into  single  xylose units, while a-L-
arabinofuranosidase and esterase remove the side
groups (Shallom, Shoham, 2003).

B-xylosidase is classified into seven groups of
glycoside hydrolases family, named 3, 30, 39, 43,
52, 54, and 116. B-xylosidase is widely produced by
hemicelluloses utilization microorganisms such as
fungi, bacteria, and yeast (Sunna A, Antranikian G,
1997). B-xylosidase has been reported to enhanced
xylanase activity in the synergistic action because [3-
xylosidase prevents xylanase, cellulase inhibition by
hydrolysis end product (Poutanen, Puls, 1988; Qing,
Wyman, 2011). This enzyme is cell-associated in
most bacteria and yeast, but it is freely found in the
culture media of some fungi (Guerfali et al., 2008;
Sunna A, Antranikian G, 1997).

The  whiterot fungus Phanerochaete
chrysosporium is known to have capacity to
completely hydrolyze biomass by producing an
enzyme complex including lignin peroxidases,
cellulases and hemicellulases. The genome segquence
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and computational analysis indicated its putative
hemicellulases system involves in endo-xylanase, f3-
xylosidase, endo-arabinanase, 0-1,5-L-
arabinofuranosidase, f-mananase, -manosidase and
acetyl xylan esterase (Martinez et al., 2004,
Wymelenberg et al., 2006), which are found on the
secreted protein matrix in the culture medium
containing lignocellulosic biomass (Adav et al.,
2012).

MATERIAL AND METHODS

Strains, plasmids and medium cultures

The white rot fungus P. chrysosporium BKM-F-
1767 was obtained from the Korean Collection for
Type Culture and maintained in medium as
described by Tien (Tien, Kirk, 1988). Escherichia
coli Topl0 was used for genera cloning.
Recombinant vectors were transferred into P.
pastoris GS115 (Invitrogen, Carlsbad, CA, USA).
Gene expression was carried out by recombinant P.
pastoris cultured in YP medium (1% yeast extract,
and 2% peptone) containing 1 % methanol.

Polymerase chain reaction (PCR) product was
ligated with pGEM-T Easy vector (Promega,
Madison, WI, USA) and sequenced. The P. pastoris
expresson vectors pPICZC and pPICZaC
(Invitrogen, Carlsbad, CA, USA) were constructed
with PcXylB. The standard gene and protein
manipulation were carried out as described by
Sambrook and Russell (Sambrook, Russell, 2003).

Total cDNA synthesis

Total P. chrysosporium mRNA was isolated
using the Oligotex MRNA Mini kit (Qiagen,
Valencia, CA, USA). cDNA library was synthesized
using the SMARTer PCR cDNA Synthesis kit
(Clontech, Mountain View, CA, USA).

Construction and transformation of the

recombinant plasmid

The nucleotide sequence of the putative PcXylB
was obtained from the P. chrysosporium genome
database of the DOE Joint Genome | ngtitute website at
http://genomejgi-psf.org/Phchrl/Phchrl.homehtml  as
predicted by Wymelenberg (Wymelenberg et al.,
2006). The cDNA of PcXylB including the signal
peptide was amplified by PCR using the forward
PcXylB-F 5-CTCGAGATGTTCCCATCGGTGA
TCAC-3' and reverse PcXylB-R 5-
TACGTACGTGAAGTGCACAGTCTTGC-3'
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primers. The PCR products as respected size was
excised and purified from 0.8% agarose gel, then
ligated to pGEM-T Easy Vector. Three recombinant
plasmids were randomly isolated and sequenced. The
PcXylB gene was excised using Xhol and ShaBl,
then inserted into the pPICZA vector, resulting in
pPICZA-PcXylB.

To cloning the gene into pPICZaA, the forward

primer PcXylBaF 5'-
GAATTCGCGGCGATACAGAAGCGC-3 and the
reverse primer PcXylBaR 5'-

TCTAGAGTGAAGTGCACAGTCTTGCC-3 were
used for the gene amplification. Then, PCR product,
PcXylBa, was cloned into the pGEM-T Easy Vector,
excised with EcoRI and Xbal. The gene restricted by
EcoRI-Xbal was purified from agarose gel, and
inserted into pPICZaA to generate pPICZoA-
PcXylABa. The presence of the inserts in
recombinant vectors was confirmed both by PCR
and restriction enzyme digestion. A seguence
analysis was performed on pPICZA-PcXylB and
pPICZoA-PcXylBa using AOX1 primer as
manufacture’s recommendation.

The pPICZA-PcXylB and pPICZoA-PcXylBa
were linearized by Pmel and transferred into P.
pastoris GS115. The transfomants were screened on
YPD agar plates containing 100 pg ml™ zeocin and 1
M sorbitol a 30°C. The presence of PcXylB in
recombinant P. pastoris genomes was confirmed by
PCR using AOX1 primers.

Expression and production of
PcXyIB (rPcXylB)

The rPcXylB production of twenty positive P.
pastoris transformants were screened by dot blot
analysis using his-tag antibody as described by Vasu
et al (Vasu et al., 2012). The P. pastoris
transformant secreting the highest recombinant
protein was seeded in 5 ml YPD medium at 30°C
and 200 rpm for 24 hrs, then, transferred to 50 ml of
fresh YP medium containing 1% glycerol. The
cultivation was continued at 30°C and 180 rpm for
overnight. The cell pellets were harvested by
centrifugation a 2000 rpm for 5 min, and
resuspended in 100 ml Y P medium supplemented of
1 % methanol for induction at 25°C, 180 rpm.

recombinant

Enzyme purification

To purify, cell-free supernatants on the fourth
day of culture were collected by centrifugation at
2,000 rpm for 5 min and filtered through 0.45 pm
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filters. The supernatant was mixed with 10x binding
buffer (20 mM sodium phosphate, 0.5 M NaCl, and
20 mM imidazole; pH 7.4) at ratio 9:1. Ni** charged
his-tag column (Histrap-GE Healthcare, Picataway,
NJ, USA) was used to separate rPcXylB using the
AKTA fast protein liquid chromatography
purification system. rPcXylB was eluted with an
elution buffer (20 mM sodium phosphate, 0.5 M
NaCl and 500 mM imidazole; pH 7.4). The purified
rPcXylB was dialyzed with cellulose dialysis tubing
membrane (Sigma, St. Louis, MO, USA) in distilled
water at 4°C overnight. Protein concentration was
measured by the Bradford method, using a Thermo
Scientific Protein Assay kit (Rockford, IL, USA)
with serum abumin as the standard. Molecular mass
of purified rPcXylB was determined by SDS-PAGE
as standard procedure.

RESULTS AND DISCUSSION

The sequence of putative [B-xylosidase was
searched on P. chrysosporium RP78 genome
sequence database. We found two predicted
sequences related with -xylosidase, hence named
PcXylA and PcXylB. These putative enzymes were
classified to glycoside hydrolase family 43, which
PcXylA, and PcXylB contain 598 and 326 amino
acids, respectively. PcXylA is composed of 10 exons
and 9 introns, whereas PcXylB contains 5 exons and
4 introns. There was no similarity between these two
putative enzymes. Base on the predicted cDNA
PcXylB sequence, we designed the primers to
amplify this gene from cDNA library. Figure 1
shows a stronger DNA band of approximately of 950
base pairs from PCR using PcXyIB-F and PcXylB-R
primers on agarose gel, which corresponded to the
expected size. Sequence analysis indicated the
putative PcXylB consists of 981 nucleotides, coding
for 326 amino acids. The PcXylB perfectly matched
with P. chrysosporium RP78 [B-xylosidase, where
both nucleotide and amino acid sequences shared
99% identity. The full-length ¢cDNA nucleotide
sequence of PcXylB was deposited in GenBank
(accession no. JX625153).

The function of PcXylB was predicted by
homology modeling with crystal structure protein
database using Phyre server (Kelley, Sternberg,
2009). PcxylB highly matched with B-xylosidase of
Bacillus subtilis (PDB  1YIF), Geobacillus
stearothermophilus (PDB 2EXI), B. halodurans
(PDB 1YRZ), and Clostridium acetobutylicum (PDB
1Y17) structures, suggesting PcXylB might be a B-

xylosidase. A secretion signal peptide of 18 amino
acids at N-terminus was found using SignalP 4.0
Server  (http://www.cbs.dtu.dk/services/Signal P/).
While there is no predicted glycosylation site or
fungus carbohydrate binding module was identified
on PcXylB. The predicted secondary structure of
PcXylB was composed of 27 beta strands (Fig. 2).
Three catalytic size residues Asp37, Aspl52, and
Glu221 were found to be general base, pKa module,
and general acid, respectively which similar to
member of glycoside hydrolase family 43 (Pons et
al., 2004).

kb M PcXylB

3.0 —

1.0

0.75 950 bp

Figure 1. Agarose gel electrophoresis of amplified PcXylB
gen from cDNA using PcXyIB-F and PcXylB-R primers. M: 1
kb DNA ladder marker; PcXyIB: PcXylB gene obtained from
cDNA. The strongest observed band which corresponds to
PcXyIB gene was calculated to be approximately 950 bp.

The constructions of pPICZA-PcXylB and
pPICZaA-PcXylBa were transferred into P. pastoris
GS115 using electroporation  method. The
transformants  were  screened  on  YPDS
supplementation with Zeocin. Ten colonies from
each plasmid were randomly selected to check the
presence of PcXylB gene. As the results, the PCR
products of transformants were observed of two
bands, which correspond to AOX1 gene of P.
pastoris and pPICZoA-PcXylBa genes (Fig. 3)
indicated pPICZaA-PcXylBa was successfully
homologous integrated into P. pastoris genome.
Similarly, we aso obtained the transfomants of
pPICZA-PcXylB in P. pastoris genome.

In view of expression of recombinant P. pastoris,
twenty positive colonies of each transfomant were
selected. Colonies were cultured for 24 h in YPD
medium for biomass production, then the pellets were
harvested and replaced by YP medium, induction by
supplementation with 1 % methanol for 2 days.
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Western dot-blot analysis was carried out for
expresson determination using 5 pl free-cdl
supernatants. The recombinant xylanase C was used
as positive control (Huy et al., 2011), while negative
control was P. pastoris GS115. The results indicated
nineteen recombinant pPICZoA-PcXylBa colonies
were efficiently secreting recombinant putative B-
xylosidase. Among them, number fourth colony
showed the highest hybridization significant (Fig. 4).
However, the recombinant construction pPICZA-
PcXylB did not displayed hybridization significant,
resulting in an unsuccessful secretion by intrinsic
signal peptide. There have been reported the
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expression of P. chyrososporium genes using intrinsic
secretion signa (Gu et al., 2003; Huy et al., 2011,
Wang et al., 2004). The signal peptide is responsible
for the trandocation of the pro-protein into the
endoplasmic reticulum and is subsequently cleaved by
signal peptidase during the trandocation process, and
then the pro-protein is transported to the Golgi where
the pro-region is cleaved by Kex2 protease to release
the mature protein (Daly, Hearn, 2005). An incorrect
process at this step may result in a cell that does not
release rPcxylB. Thus, the intrinsic PcXylB signal
peptide does not have an efficient protein
trandocation processing in P. pastoris.

v

Sequence  MFPSVI TTSVLFLPLVAGAAI QKRG TGPVI TSNFPDPSFVKGLDGTWAFSTNSGGKHV60
Structure --PB---BB------ PBBRB- - - BBRRRBRRB- - - - - B
Sequence  PVANSPDFI TWIL TGADAL PTVGAWSTGGDVWAPDVI QRPDGKFVMYYSADQNGNGGKHC 120
Structure  BPPER------ BBB-BRR- - - e e PBBRBRRAR- - -BRRBRRB- - - - - - - - - BB
\J
Sequence | GAAVSDTAHGPYTPEPTAL SCNTAQGGA! DPAGFVDTDGTVWIWWIKI DGNSI GHGGNCN 180
Structure  BBRRPR------- BB--BBRB------- BB--BRRB- - - - - BBBRB- - -
\J
Sequence  NGVPPI VSTPI M.QQLAADG TPl GSPVQ LDRSDADGPLVEAPSLVKVNGVYI LFFSSN 240
Structure  ......... PBBRBRB- - - - - BB----BBRBB------- PBBRBRRRRR- - BRRRRAR- -
Sequence  CYSGGLYDTSYATADN KGPYTKAQAPNAPLLQTGTPYSQLYSPGGLDVGPGGVNVLFHA 300
Structure ...... PBBRBRRB- - - - - - - BB------- BBB------- BB----BBR- - - -PBRRRRR
Sequence  DKGTTADVRQLYAGQ KVTGKTVHFT
326
Structure ......... PBBRRBRRAERA- - BRRB-

Figure 2. Deduced amino acid sequence and predicted secondary structure of PcXylB. The arrow indicated the signal
peptide cleaving site. The closed inverted triangles show the three conserved catalytic residues. The secondary structure
containing 27 beta strands was generated flowing three dimension structure of B. subtilis (PDB 1YIF).

kb M 1 2 3 4 5
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Figure 3. The colony PCR for confirmation of pPICZaA-PcXylBa construct. M: 1 kb DNA standard molecular marker; 1: P.
pastoris genome; 2: pPICZoA-PcXylBa recombinant vector; 3-12: the recombinant P. pastoris with pPICZaA-PcXyIBa.
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Figure 4. Western dot-blot analysis of P. pastoris expressed protein using his-tag antibody. PC: free-cell supernatant of
recombinant xylanase C from recombinant P. pastoris (Huy et al., 2011); NC: free-cell supernatant from P. pastoris culture;

1-20: twenty transformants of pPICZaA-PcXylBa P. pastoris.

kDa M 1 2
75 —
54 —
42 —
35 -
33 — —
24 —
-

Figure 5. SDS-PAGE analysis of purified recombinant 3-
xylosidase (rPcXylB). M: molecular mass markers; 1:
purified rPcXyIB; 2: free-cell supernatant of recombinant
rPcXylB from P. pastoris culture. The molecular weight of
rPcXylB was estimated to be 33 kDa.

The rPcxylB was further purified by anti-his-tag
column. The molecular mass of purified rPcxylB
was determined by SDS-PAGE, showing a single
band around 33 kDa (Fig. 5). rPcXylB molecular
mass was very closed to theoretical molecular mass
of the fusion mature PcXylB, c-myc- and his-tag tail
of 34.7 kDa. The methylotrophic P. pastoris yeast is
a useful system to express milligram-to-gram
quantities of proteins for both basic laboratory
research and industrial purposes. Moreover, the
glycosylation system of P. pastoris is less efficient

than that of other heterologous expression systems
such as S cerevisiae; therefore, it secretes a native
recombinant protein or a less hyperglycosylated
form (Daly, Hearn, 2005). Similarly, recombinant P.
pastoris released rPcXylB as its native form which
might have the same function as P. chrysosporium
produced.

CONCLUSION

In the present study, we reported the cloning and
expression of a putative p-xylosidase from P.
chrysosporium, which play an important role in the
biomass degradation processing. rPcXylB were
efficiently produced by recombinant P. pastoris
without glycosylation and further purified. Although,
the biochemical properties of this enzyme are till
unknown, however, the characterization may be easy
carried out using purified rPcXylB on specific
substrate such as p-nitrophenyl-B-D-xylopyranoside.
Moreover, the characterization and application on
biomass degradation in the synergistic action with
other hemicellulases such as xylanaseC should be
further topic of research.
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TAO DONG VA BIEU HIEN BETA-XYLOSIDASE B TU PHANEROCHAETE
CHRYSOSPORIUM

Nguyen Duc Huy?, Seung-Moon Park?®?3, "

Yién Tai nguyén Mbi truong va Cong nghé sinh hoc, Bai hoc Hué, Viét Nam
“Trwong khoa hoc M6i Trwdng va tai nguyén sinh hoc, Dai hoc Quéc gia Chonbuk, Han Quéc
*Trung tam nghién ctru cong nghé két hop LED-Agribio, Pai hoc Qudc gia Chonbuk, Han Quéc

TOM TAT

N&m sgi tréng P. chrysosporium tir 1au d& dwgc biét dén co kha ning tiét ra td hop enzyme thly phéan
hemicelluloses nhv B-xylosidase. Hai gene ma héa cho enzyme nay dadu gc dy béo véi tén goi B-xylosidase A
vaB. Tuy nhién, chitc ndng clia cac gene nay dén nay van chua duoc xac dinh. Muc dich clianghién ciu nay 1a
tao dong doan cDNA gia dinh mé& hda cho enzyme B-xylosidase B (PcXylIB) tir P. chrysosporium BKM-F-1767
dadugc tao dong. Phan tich trinh tw nucleotide cho thdy gene c6 981 nucleotide, ma héa cho chudi polypeptide
vGi 326 amino acid. Chubi polypeptide gdm 18 amino acid dwoc xac dinh dong vai tro tin hiéu tiét & dau tan
cung N. Dy doan cdu trdc bac hai clia protein dwgc ma hda béi gene PcXylB cho thdy nd dugc cau thanh béi 27
chudi beta, trong d6 ba vi tri xdc tac Asp37, Asp152 va Glu221 dong vai trd nhuw base, pKa va acid module.
Gene PcXylB dadu oc gén vao vector biéu hién pPICZA and pPICZaA va dugc dung hop véi genome ciia P.
pastoris bdng phuong phap dién bién nap. Sy tiét enzyme ta t6 hop dwoc cdm (ng béng cach b sung
methanol dén ndng dd cudi 1 % trong mdi 24 h. Thé té td hop P. pastoris va pPICZA-PcXylB khong tiét ra
protein téi t6 hop rPcXylB. Phan tich biéu hién béng ky thuat Western dot-blot cho thdy sy khac nhau vé mirc
do biéu hién ctia hai muoi thé tai t6 hop pPICZaA-PcXylBa. Dich nudi cdy déloai bd té bao ndm & ngay thir tu
dwoc s dung dé tinh sach enzyme téi t6 hop sir dung cot anti his-tag. Mot band protein cé khéi lugng phan ti
khoang 33 kDa xudt hién trén dién di do cla rPcXylB tinh sach. Pay la nghién cltu dau tién vé tao dong va
biéu hién gene gid dinh ma héa cho B-xylosidase B tir P. chrysosporium.

Tl khoa: xylosidase, P. chrysosporium, P. pastoris, biéu hién, rPcXylB.

" Author for correspondence: Tel.: +82-63-8500837; Fax: +82-63-8500834; E-mail: smpark@chonbuk.ac.kr
791




