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Abstract

The cDNA for xylanase B from Peniciflivm purpurogentm was cloned and sequenced. This DNA encodes a protein of 208
amino acids which is expected to vield a protein of 183 residues upon processing of the N terminus. The sequence of the predicted
prolein is very similar to that of 40 other xylanasc domains which belong to family G of cellulases/xylanases (73-21% identity).
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1. Imtroduction

The soft-rot fungus Penicillium purpurogenwm is an
active producer of cellulases and xylanases (Steiner et al.,
1994, The Mungus secretes to the medium several endox-
vlanases, two of which {called endoxylanases A and B)
have been purified and characierized (Belancic et al.;
19857, These two enzymes show dilferences in molecular
weight, pf, amino terminal sequence and lack antiserum
cross-reactivity.  These findings suggest that both
enzymes are the product of differemt genes (Belancic
ctal., 199573, In this work, a cDNA library was prepared,
a clone carryimg cDNA coding for endoxylanase B was
isolated and scquenced, and the cDNA was expressed
in E. ¢cofi.

* Corresponding author, Tel, +56 2 6862664; Fax +56 2 2225515
g-miail: jeveagi@penes. hio. puc.cl

Abbreviations: A.,-Aspergiliuy; an, aminoe acids; B Baeilles; bp, base
pair{s]; €. Celfeibrio; cDNA, complementary DNA; £, Frcherichia;
Ir. Huwicals; kh, kilobase(s) or 1000 bp; nt, nucleotide (s); ORF.
open reading frame: P, Penicilliwree, PCR, polymerase chaim reaction;
5, Schvzophvflver, T, Trichoderma; xyn B, gene encoding endoxylanase
B from P porpurcgenens Xyn B, endoxylanase B

&) SIMYVONYNGNLGAFSYNEGAGTFS
O MYQVMAVE
leh Lell prirmer:

FATAYGT-HNCARAANTA-YAAYGG 3 (256 degeneralions)

Aight prirmes:
&' CVA-CMG-CCA-TVA-COT-GGT-AGT 3 (36 degeneratons)

Fiz. 1. Design of PCR primers. (a) N terminal amino acid sequence off
XMynlh (Belancic ot al., 1995). (b) Sequence from xylanase © from A
kawaehli [Ito et al, 1992) used o design the right primer, This
sequence 15 highly conserved, as found by alignment of several xyla-
nases wsing the program CLUSTAL (Higgins and Sharp, 1988). {c)
Sequences of the degenerate primers (N=A, C, Gor T; R=A or G;
Y=C or T: VeA, Cor G). Methods: Oligonucleotide primers for
PCR were synthesized by Bios Chile. PCR reactions (100 pl) were
performed in an M) Research thermocycler. The amplification condi-
ticns were: denaturation for 1 min at 94°C followed by 35 amplification
cveles of 1 min a1 94°C, 1 min at 48°C and | min at 72°C, and 4 final
elongation of 10 min at 72°C. Products were separated by agarose gel
clectrophoresis; a prodoct of about 480 bp was purified from the gel
with Glassmax (GIBCO-BRL). This DMNA was labeled willh biotin
using the BioMick (GIBCO-BRL) svstem and wsed as a probe (o sereen
the cDMNA library.
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Fig. 2. Sequencing strategy for the full length cDMNA of P purpero-
genyne xynf, The shaded area represents the cDMNA. The thin line
represents vector sequence. The dark shaded area shows the region
covered by the PCR fragment used as probe to screen the cDMA
likeary. The extension and orientation of sequence obtained with vari-
ous primers ave indicated by arrows, Some unigque restriction sites ane
also indicated,

2. Experimental and discussion
2.1 Isolation of cDNA clones encoding endoxyplonase 8

Degenerate PCR primers were designed as follows:
the left primer was based on the amino terminal sequence
of XynB {Belancic et al., 19937 and the right primer
was derived from a highly conserved region from four
family G endoxylanase sequences (Fig. 1). A PCR pro-
duct of about 480 bp was purilied and used to screen a
cDNA library of P. mrpurogenum for clones containing
the xynf pene.

Tahle 1
Codon usage of Pesdcilliton perpurogenim xyn
Ala GCT 6 Oly GGT b4 Pro cor 3
GOC & GGC 11 co I
GOUA 4 GlrA 5 CCA I
GG X GG 0 CCG |
Arg OGT 0 His CAT I Ser TCT 7
oo i} CAC 1 TCC 5
CGA 3 TCA |
COs | Ile ATT 1 TCG i
AGA i ATC 2 AGT 3
AGG 1 ATA | AGC 8
Asn AAT 2 Lew TTA 1 Thr ACT 5
AAC 14 TTG 1 ACT &
CIT 2 ACA 3
Asp  GAT 2 CTC 2 ACG 7
GAC 2 CTA 1
CTG 1 Trp TGG 4

=

Cys  TGT

TGC 2 Lys  AAA 0 Tyr TAT 3
AAG | TAC LI

Gln  CAA 3
CAG 6 Met  ATG *  Val GTT 5
GTC ¢
Glu  GAA I Phe TTT I GTA 2
CAG 4 e 10 GTG 4

The numbers indicale the frequency of use of each codon for a total
of 208 amino acids.

14 ATCAATCATCATGRAGETCAMCTGLAGCT
1 Mk ¥ T A

228 TALCTE TAT T T TG G T A TA L T oG I T T O TAC GG T I ARD

Ty R ¥ 3 3 @ 2.2 L v YiEWEN

469  GTIOGACAGEHC TG A AT TG H ARG T
139 v R ¢ G 8 R T & G

529  GOGAACGAL GO T TGO A A G AACTT AR TTATCAGETC O T AL I TAIM G

Iv72 A W B G F G ¥ 5 W F H Y Q V ¥ A ¥V E

SA9  AGTGOTACTOOC AT A T T AL GG T o T oA TTASSACAT TAGGAGATORGEGGET

L G G TR B W T WS A
fal  TAGTGLTCARAA R T T ARG D BRI TU TU T TG AAG TG R TU TRAT AT DG ACT ALGG
T8 GTT TR ARAT T T ARG T AR TATATAG T TG GO oG GaACOT GTUIGELUET

TEY COCETTITCARCTCACACKEAAAS MMM

Fig. 3. Mucleotide and deduced aa sequences of the cDNA of £ peorpur-
oot v, The N-terminal aa sequence of the mature enzyme
ohtained by protein sequencing is underlined. The presumed signal
peptide is indicated with a doted underline, Putative extalytic residues
El0l and E194 are shown in bold, The nucleotide sequence data
reported here have been  deposited in the  EMBL/Genbank;
DDBJ databases under aceession Mo, 230050, Methods: DNA manipu-
lations were carmed out using standard methods (Sambrook et al.,
19893, The fungus was grown in liguid medium (Belancic et al., 1993
on aal spelts xylan (1% w/v) at 28°C and 200 rpm for 5 days, Total
RMNA was prepared and mRNA was obtained by oligo(dT) cellulose
chromatography., cDNA  was synthesized with the Superscript
Preamplification System (GIBCO-BRL) wsing an oligo(dT j-adaptor
which provides a Mot site. Double-stranded cDNA was penerated and
Safl adaptor arms were ligated; digestion with Morl atforded asymmet-
ric ends. This TN A was ligated to 2Ziplox arms, subjected to in vitro
packaging using the Lambda Packaging system {(GIRCO-BRL) and
wied o infect B coff Y 1090£L), Approximately 20 000 recombinant
clones were obtained. Phage plagues were transferred 1o Photogens
membrane, The cDNA phage library was screened by plaque hybrid-
ization with the probe deseribed in Fig. 1 using the Photogene detection
system (GIBCO-BRL). Positive plaques were wsed to infect £ eofi
DHIOB[ZIF) 1o generate colonies. Plasmids, derived from the phage
vector by sell excision, were purified and scquenced. The cDINA was
entirely sequenced on both strands by the chain termination method
(Sanger el al, 1977) using the Seguenase v 2.0 (US Biechemical )
sequencing kit

2.2 Sequencing of the xynB gene

The DNA for P. purprrogenim XynB contained in
one of the clones was entirely sequenced on both strands.
The sequencing strategy employing M13 primers and
specific primers is shown in Fig. 2. The cDNA insert
wis Bl6 bp long. An open reading frame encoding a
product of 208 amino acids was identified. The nucleo-
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Fig. 4. Alignment of residues $6-200 of XynB with other members of the G family of endoxylanases. The regions of highest homology are boxed.
Fesidues which are entirely conserved are shown in bold and marked by a black circle; residues which are conserved inoat least 90% of the 41
sequenees ane indicated by an open cirele, Aeromanay covige (Ac.ca,) xylanase [ (D320605); A awamord (Asaw.) EXLA (Hessing et al., 1994); A
Farweredadd {As k) XYNC (Do et al, 1992); A niger (Asni) XY LA (Maat et al, 1992) and XYLB | Kinoshita et al, 1995 A tebigensis (As )
MNLMA {De Graafl et al., 1994); dpreahasidinm puflelans (Aupuy (Li and Ljungdahl, 19937 8 efrcedans (Boocl) XLNA (Yang et al., 1983): &
peondfoy (Boopu) XYNA (Fukusaki et al., 1984); B stearethermophilny (Boast)y XYNA (UT153285) B subeifis (Basu,) XYMNA (Paice et al.. 1986];
Ceflitotmorrgs fim (Cedi) xvlanase D (Millward-Sadler et al., 1994); © miviw (Ceomi.) XvnA [ Millward-Sadler et al,, 1993y Chaetaminm gracile
{Chagr,) CeXA and CeXB (Yoshino et al., 1993); Closiridim acerofnrpfonm (Clac) XY MNB {Zappe et al., 1990); Clasridine stercorariom (Clsty
MNYMA (Sakka et al, 1993); Coclliohalus carborem (Cocn) XYL (Apel et al., 1993); Swericella nidufans (Emoni) XYLA (Z49892) and XYLB
(ZA409801); Fibrabacter swccinogenes (Fisn,) XYNC (domains A and B) {Paradis et al., 1993 /L feselens (Huwin} XYLL (Dalboge and Heldt-
Fansen, 1994 ) Magnapershe grivea (Ma.gr) (Wu et al., 1995); Neacallimastic fromtafic (Nefr) XYN2 (XE2439) Neacalifmastix pateiciora
(Mepa XYNA (domains | and 2) (Gilbert et al., 1992} Psewdomonas ffeorescens {Ps1) XYLE { Millward-Sadler et al, 19951 Ruwinococcns

Sevefociens (Rufl) XYNA (Zhang and Fling 1992): Reminecocons sp. (Rusp) sylanase 1 (2499700 & comme (Sceo) XY MNA (Oko o al,

1993 ), Sreepromyees fvidans (5000 XLNB and XLNC (Sharcck et al., 19913 Seeepronpces spo (Strp) EC3 ( XE1043 ), Thermemonospara fivea
(Thaw) TrA (Irwin ¢t al., 1994y Toharzionen (Trha,) (Yaguchi et al, 1992 70 reesed (Troe) XYNL and XY NI Tarrdnen et al, 1992); T
viride [ Trovi) LA { Yaguehi e al, 1992h) and 118 { A44595). Accession numbers are given for unpublished entries. Methods: The similarity search
wis performed vsing the BLASTPR algorithm (Alschul et al,, 1990). The boxes of greatest similacity were identified with the program MATCH-
BOX (Depiereus and Fevimans, 1991, [992).

tide sequence and the predicted amino acid sequence
are shown in Fig. 3. The location of the sequence of the
MN-terminal peptide, which was entirely confirmed, pre-

dicts a signal peptide of 25 residues and a mature protein T, 25.3% G and 29.5% C.
of 183 amino acids. No potential MN-glycosylation sites
are detected. The calculated molecular mass for the 2.3 Alignment of XynB and other G-family xylanases

mature enzyme is 19 277 Da; the value estimated from

SDS-PAGE analysis is ~23000 Da (Belancic et al.,
19933, The difference in molecular weight obtained by
these two methods may be due, at least in part, to
O-glycosylation.

Regarding codon usage, there is some preference for

C in the third position, e.g. TTC vs. TTT for Phe ( 10/1),
TAC vs. TAT for Tyr (11/3) and AAC vs. AAT for Asn

{16/2) (Table 1). The coding region is 21.8% A, 23.4%

The XynB sequence was compared to similar proteins
from the databases (Fig. 4). Significant similarity was
found with 38 other fungal and bacterial xylanases
representing a total of 40 xylanase domains all of which
belong to the & family of cellulases/xylanases (Gilkes
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Fig. 5. Western analysis of £ cofi ransformed with XynE c3MNA. The
presence of hybrid TrpE=XynB fusion protein in induced or uninduced
culivres of £ cofi BRI cells transformed with either the pATH3
{ Koerner el al, 1991) vector or a construct carrying the cDMNA for
XynB was detected with anti-XynB antibodies. Uninduced cells har-
haring the XynB cDNA did not present specific antibody reaction
{lane L) Only cells harboring the XvnB cDNA and subjected Lo induc-
tion (withdrawal of tryptophan) produced the XynB fusion protein
{lanc 23, Cells that were transformed with the vector only did not
show positive reaction (lanes 3 and 4, unindwced and induced respec-
tivelyy; neither did the contral £ coff RRL culture { lane 33 Molecular
weight standards are shown in Jane 6, Methods: An EeoR 1/ Hindll]
[ragment containing the complete cDNA for XynB wus cloned in the
EcoB L HndlIl sites of pATHS in frame with the rpf” pene. This
construct was used Lo transform £ cefi strain RRL; e synthesis of
the hybrid TrpE-XynB lusien protein was triggersd by tryptophan
sturvation Tollowed by additien of indoleacrylic acid ( Koerner et al.,
L1, 808 gels and Western blots were performed using standard
Lechniues,

et al., 19913, As might be expected, XynB is more closely
related to other fungal endoxylanases than to bacterial
enzymes, Among the fungal comparisons the highest
similarity found was with xylanases of the penus
Aspergifius. The shared sequence ranged from 73%
identity with xylanase EXLA from A, ewamori (Hessing
et al., 1994 to 30% for XY L1 from K. fnselens { Dalboge
and Heldi-Hansen, 1994). Identity of P. purpurogenum
XynB with bacterial enzymes ranged [rom 37% with
XYNA from €. mixvens ( Millward-5adler et al., 1995}
e 21% with XYNA from B circnlans (Yang et al.,
1988).

The two glulamic acid residues that are conserved in
all members of family G and which have been postulated
to participate in catalysis in B cirerfany (Wakarchuk
et al, 1994), B pumilus (Ko et al. 1992), and 5
cetitnnze {Bray and Clarke, 1994) correspond to E101
and E194 in XynB. There are other highly conserved
residues that have been postulated to be important in
substrate binding and in modulation of the enzyvmatic
aclivity, mainly from crystallographic studies. For exam-
ple, the residues that surround the active site of T, reesei
xvlanases | and Il { Térrdnen and Rouvinen, 1995) have
their counterparts in XynB residues Y92, W94, Y103,
153 and Y188, Of the xylanases belonging to Tamily
G whose structure has been solved by crystallography,
T reesei XY NI is the one most closely related to XynB.

430

2.4, Expression of XynB cDNA

To confirm the nature of the cloned DNA as cDNA
for XynB, it was transferred to an £ coli expression
vector and the protein product was detected with anti-
bodies raised against native XynB. Western analysis
showed a hybrid protein of the expected size only in
cultures transformed with constructs harboring  the
XynB cDNA (Fig. 5).
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