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A gene encoding the xylanase (XynA) predicted from partial genomic sequence of Paenibacillus woosongensis was
cloned into Escherichia coli by PCR. This xyn4 gene consisted of 633 nucleotides, encoding a polypeptide of 211
amino acid residues. The deduced amino acid sequence exhibited 85-89% identity with those of several
Paenibacillus xylanases, belonging to the glycosyl hydrolase family 11. As a results of expression of the structural
gene by T7 promoter of a pET23a(+) expression vector, xylanase activity was higher in cell-free extract than culture
filtrate of a recombinant Escherichia coli BL21(DE3) CodonPlus. However, the expression level of xylanase was not
sufficient be detected by SDS-PAGE. The cell-free extract showed maximal xylanase activity at 60°Cand pH 5.5.
The predominant products resulting from xylan and xylooligosaccharide hydrolysis were xylose and xylotriose. The
enzyme could hydrolyze xylooligosaccharides larger than xylbiose.
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I E O] 8-X A &L cellulose, hemicellulose2} lignin .2
o] FoA §l=t| o] &5 hemicellulosed] 8 74 JEo2 &
A Q= xylan 7| EEZZ 0] B-1,4 AT 313 = D-xylose
2 ZAEY Q3 0|3t xylose Z7|o]| acetyl group, o
-L-arabinofuranose 2} 4-O-methyl-o-D-glucuronopyranose 5-©]
Sz AZ=o] EAstaL JrH(Thomson, 1993). o|& &35t
= o8 579 a4} %ol 15 = endo-B-1,4-xylanase
(xylanase)2} B-xylosidase 2] &&to] %9 3}ch

Xylanase+= heteroxylan®] 2242 0|2+ B-D-1,4-xylopyranosyl
ATS T2 = E3sle] xylooligosaccharidesZ HEHA| 7|,
o] A2 B-xylosidaseo] 23} xyloseZ E3lj¥ t}. wlehA] xylanase
+ glucanase ¥ mannanase®} 37| AHAY7HETE AEALY wE
AfaE BEo] §olotA Ak 4= Sl B0 2 HATHA| 7]
7] Y8l E-&= 1 glom, A, Aot A7 D ALRE7HE-
842 o|gE3 Qlti(Subramaniyan and Prema, 2002).
Xylanase+= tjF-50]| glycosyl hydrolase (GH) family 10} 11
o &slH, 4F ALE GHS, 89 &3l AL U8R
(Gallardo et al., 2010; Cuyvers et al., 2011). G¥F& 22 GHI10
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xylanase:= GH119] 4Rt} BExlFgo] 2, 499 3
sko] 271 o)) 71 e g H ez FAE Aol Wol HuF it
Paenibacillus’= 1993 dxo] A2& £o02 HELQlom,
AA7HA] 100 F ool A QAL o]F F NMEL 452
&2 xylan E3fdo| thg ESIE|o] QI P. barcinonensis
(Valenzuela et al., 2010), P. campinasensis (Ko et al., 2010),
P. curdlanolyticus (Waeonukul et al., 2009), Paenibacillus sp.
W-61 (Fukuda et al., 2010), Paenibacillus sp. HC1 (Harada et
al., 2008), Paenibacillus sp. DG-22 (Lee et al., 2007)2}
Paenibacillus sp. JDR-2 (Stjohn et al., 2006) 32l €] xylanase
AR} BB iRt A7t £REHAY olF +5Y
xylanase= T2 w|AEo| Aotz G40t FUoHA tiFEo]
dA Y2 FH|EAT, YR fas BH|EA Xoks ZeR
AHF ) (Gallardo ef al., 2010). Xylan £35S 2= 45
H2]5 P. woosongensis+=(Lee and Yoon, 2008), galactomannan

9] H3&l a4~2] mannanase, B-mannosidase2} a-galactosidase
£ Aidte 2= Rl em(Yoon, 2010). T B
-xylosidase/a-arabinofuranosidase 7]%52 SAJof Hol= f4
of 7 Aol ohat B4do] 1%l vk YrhKim and Yoon,
2010). & A1 A= P. woosongensisZH-E] GH11 xylanase
SRS A2 dole] Bl SRS B,
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ARRAZQ} ZalAn|=

P. woosongensis KCTC 3953 (DSM 16972)2 3-AA} A&
Qo2 AR tryptic soy broth (TSB; 17 g of tryptone, 3 g
of soytone, 2.5 g of dextrose, 5 g of NaCl, 2.5 g of K,HPO, per
L, pH 7.2)5 AM&3Ee] 37°CoflA] wjgstltt. f-a2k222 9
St =39} vector2+= Escherichia coli DH502} ZdfAu|&
pUC19, xylanase -FZ4AFe] #JitdS QA= E. coli
BL21(DE3) CodonPlus®} pET23a(+)S 2}z AR5t

DNA 22|} =Xt

TSB Nl R]of| A vjUk3t P. woosongensis dAZHE 3
AMA] DNAE Ea|s}l7] 98lA= Genomic DNA prep kit
(Solgent, Korea) & AME3}FIT} Genome Sequencer FLX Titanium
(Roche, Germany)2.2 % FAA F7|AES E431 GS
FLX Titanium Cluster (PSSC Labs, USA)Z Z¢}5}4] 86 contigs
2 795 5,651 kbe] AL AaRATH (Solgent, Korea). Xylanase
SRAE Z2Ysp] A SR B7INLS BEIo] A)
Z35F upper (CATTAACATACCTTCAATGTGTATC)Q} lower
primer (GTTCCACCCTGGACGAACACA)Z 95C (25%), 6
0T (40x), 72°C 289 AN A pfu DNA polymeraseS A}
43t PCR ¥h-3-& AAstH o™ SZ5 DNA ©H-E Hincll
2 A3t pUCL99l| =3t 0] E. coli DH5a0 A A
3}l oat spelt xylan (0.5%)2} ampicilling 7}t LB HjX] o]
£ xylan RS 2 FAWHSE AU

Xylanase [FIXI2| a5

Xylanase FRAE HJJLd Al7|7] Y3 F2R{FAAE
pET23a2] T7 promoter 3}ctol] =431} Xylanase 2] 25
AR ol Ndel )X A Qo] Q1B 2 pET23a(+) 2| NdelT}
Xhol Ato]ofl AR =94517] ol 45572 primersE 0851
A Z3}F ZgtAn|EE A 235} th Primers Ns-F (GTAGGTCA-
TATGTTTAAGTTCAAGAAGAAAATGC)} X-R (GGCCAGT-
CTCGAGTTACCACACTGTTACGTTAGAGO)9|= 2242 ¢
St Ndel3} Xhol AHLAE ZH2F =90319.31, Nm-R (TATAC-
ATCATATGTGCCCCCATC)¥} Nm-F(GGGGGCACATATG-
ATGTATACAC):= T287Ax}0] Ndel ATHelz] R ol ot
3t WA primer Nm-F2} X-RS AR&-5}0] Z$Z31 xylanase &
A7} SRS Ndel T} Xhol © 2 HHsto] pET23a(+)o]l =
o Q23 EAu|EE A|2E ¥, Ns-FoF Nm-R& AR5}
53t xylanase A} AUHE-E-S Ndel 2 Adste] oF @A
oA AzH A2 STEE2] Ndel Ao AU ZH]
PEYX137& A28t A2 E2t2m|= pEYX1379] 93
AL E. coli BL21(DE3) CodonPlus® 2 A3+5= ampicillin
(100 pg/ml)} chloramphenicol (30 pug/ml)< 75k LB broth
(10 g of tryptone, 5 g of yeast extract, 10 g of NaCl per L, pH
7.0)0l1 A wiFSFATE Xylanase F-AAS 79 TAsH7] Al7]7]
A BEER oA A F2YUE FAAE H7HeE LB

AE5t0] 37C oA SHR IR F, BUHA 100 mlS B
baffled flasko] ¥]oFolS 1%7} H|=S HEska 30C oI AT
HjFSHAN] BHE(ODa)7t 0.69] EFHE W PTGE 05
mMo] E%8 H7}5to] 25C oA 5A17E 2 wieFsteich. v
e Ay Eelste] B MFFAE 283 a5t o} hal
A3 5 AL xylanase 25402 AL

Xylanase HISEM HAM

Xylanase 842 oat spelt xylanZ 7|22 3l 158 < vt
< Zof §E5 UGS 3, 5-dinitrosalicylic acid B o2 A
Fozn SQstgen, a2 BAYE 1.0 unit 919 279
Al 18 52t oat spelt xylan 2.2 FE] 1 umol 2] xylose®]| A3}
L gage PHeke 549 o2 HelskarkMiler e al,
1960; Yoon, 2009). &4 BHAo| 0]X]i HHe £w o] Qe 2
A517] $1to] ¥ pHE 5 52 15T 30-70C W9l9] £
oA WS st e, BhS pHO| FaFs AR | AisiAl
£ W2 =E 55C 2 143k pH 3.5-9.09] 9|4 vh3-5
43Y5}o] xylanase B/4& 22+ 4313t o pH 3.5-6.09]
H Qo] A= citrate 25894, pH 6.0-8.09]| 4= phosphate £+&
S8, pH 8.0-9.09] WSIo| AL Tris $5-§ 4L Zk2t Ag3HY
o} Xylanaseo]| 93t xylan 7hpisf AbES #4517 Al
xylani} xylooligosacharidesS 7|2 2 3}o] ko] a5 H7}
S kg ale] phiz HH o2 2Us}o] 40T oM SAZHHHES
SR T 95T 38T AA ST YA Relelo] 2L S
NS A= 3 chloroform, acetic acid®} Z5F47[4.3:5:0.7,
v/v)] EFLHL HAfLH O Z }o] silica gel-precoated thin
layer plate (Merck Kiesegel, No. 5748)°]| A 78} ). 2 A
(para-anisaldehyde 0.5 ml, conc. H,SO4 0.5 ml, 95% ethanol 9
ml, glacial acetate 2-41-2)5 B 120C oA 10&7F HFxgte
22X J/NE 245 A A TSR

Aoty g
Xylanase R8XI 221t HI7|ME

FEHog A" YA A7IALEFE xylanase 32
Z AAEE= 4719 ORF7} WAERIEY|, P. barcinonensis
(Gallardo et al., 2010), Paenibacillus sp. W-61 (Fukuda et al.,
2010)3} Paenibacillus sp. HC1 (Harada et al., 2008)0]| = 2%
o] 49| xylanases7} EAFITI B E QI 2 AFoA= P.
woosongensis xylanase2] FAAZ F3E= orf 5 1 37|17}
7P Zkew GH119] 43}t xylanase (xynd) 822 o4 =
L DNA ©HL PCRE 2Z3} & E coli DH5ad] £QJ3to 2
#] oat spelt xylang 7}et )R] o] A FHeE Hafehs Hol
= PEARFE U

o|2 e ZTpAn|EE 225t S=1dH PCR THO| F7|A

< B4 A f4A4 E400A 2AHE AET g AL
2 RIF G OH(Fig. 1), xynA] /A F=L 2 H|S5E= ATG
7} A& SRt SD MER AS5E= 4 E(GGGAGGT)
9] 7+A 9 Paenibacillus sp. HY8 (GenBank accession no.



ABD66557), Paenibacillus sp. DG-22 (Lee et al., 2007)3}
Paenibacillus sp. W-61 (Watanabe et al., 2008) 523 GHI11
xylanase 2] ofu] At A7) 9} v wE W] F o] ATG7} A2 =2
2 A= ok 9 xynd T2 GC T2 48.7%=E 1
eiom, Q2 ol A B4k XynA= AW - oA
25 O ggo] WA TEE G

P. woosongensis2] xynA A Lo A g% ofu|=At Z7)u)
&G-S NCBI database 2] th= Tl 213} v 1t A3} Paenibacillus
sp. HY8 (ABD66557), P. mucilaginosus KNP414 (AEI41899),
Paenibacillus sp. JDR-2 (ACT03278), Paenibacillus sp. DG-22
(ABI96991) 5 t}=9] Paenibacillus & 435 YU Aeromonas
punctata (BAA06837) 32 2] xylanases 2} 85-89% 42| A+
TS B o5 BF 211 opH| A V|2 FAE BAR
ofm|lz WTke] 28 %t7]|7} signal peptide= oS E e} EZE
82%9] A5A& B0l B. subtilis 168 (CAA84276)2] xylanase
=213 ohu| A AV 2 A E Qe n 28 Z7] 7} signal peptide
=2 g A th(Murakami e al., 2005). P. woosongensis xylanase
= ulzale] oleh SAIEH AR 2 BE T7]9) 4] Bak
R GH family 110] &b &4 99 U3t 7|5 F9 =
5513t QI P. barcinonensis BP-23 2] xylanase A+ 3207} o}
A A7) 2 FAE GHI10 842 1 37]= XynARTH 3X]
T g gAdgg oz JLA o] 9lal(Valenzuela et al., 2010),
Paenibacillus sp. W-612] xylanse 5 (Fukuda et al., 2010)2} P.
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curdlanolyticus B-62] xyn10A (Waeonukul et al., 2009)= 25
B G HE ZFste] 271 o] e 715 P H L2 A H o] it
B. subtilis 1682 xylanase T LR 2EE 257 A%
7] Glul063} Glu200 2 7| AZAF o) Bojsl= 7] Tyr979+
Tyr108 (Murakami et al., 2005)9] SF3l= Z7]+= XynAojAl
Glul05, Glu198, Tyr963} Tyrl07 2 z+z} a2 E|g)om o]} A
579°] =2 xylanaseo| A = o]F Z7]7} BE ERI=| )

THEE 0| MAUSh= xylanase?| HISEY

ETt&H|E pUCI9l| S29E xynd= A2 digtollA
I o] mi Wol XynA Q] A& =017] Y3l xynd +
ZJAAE pET23a2] T7 promoter dhghol] =913t A 23 &t
20| pEYX137& A 23}t o|& E. coli BL21(DE3)%} E.
coli BL21(DE3) CodonPlus®f] Z+z} =913} IPTGZ 3Ho)urd
< f=3 A 5 O drEsFo] Yol SDS-PAGEA] HEH
cha S 2kla7] o] H L. o] signal peptide S A|ASHA %
1 HEE A7 g7 o2 whE|=g| B. subtilis®] mannanase
AL signal peptide Fi-2 A ASHA] ok o A= o
oA T Hdo] FEEA = ASE Hud v ot
(Kweun et al., 2004). 121} signal peptideS A A g+ AFef ol 4]
= AZg AN B. subtilis®}y Pseudomonas fluorescens
(Bolam et al., 1996)2] mannanase --ZAX}7} 2% IPTGol 2]&
o) AdE Ao dEHet i ) YA = FUAT

CATTAACATACCTTCAATGTGTATCAAACATAATTTTTAAATATAATGATTTTTTCCTATATGTTGTTATGAATTTCTGGGCTGATGATAGCCTCTCTTT 100

-35
CATTCATCTTAAAATATGTaAAAAAGTAAGGATAAACCTTTAAt TTCATGGTAGTTATGTATACGCTTACATTCTATAATTTACTAAGTTGGGAGGTGAT 200
-10

AGTAAGAAGTTTAGCAGAATTGGGGACACAGACAAGTGATGTTCGGCAAGGAGAAACAACGCACAAGTAGTATGTAGGTAAGTAGTGACAAAAATATTTT 300
GGGAGGTAGGTATGATGTTTAAGTTCAAGAAGAAAATGCTGACGGCTATTCTTGCAGCATCTATGAGCTTTGGGATGTTTGCAGCAATCTCGAACGCAGC 400

SD N FKFKKKNLTAITLAASHNSFGCHNFAAT SN AA
GACGGACTATTGGCAAAATTGGACCGATGGCGGCGGAACAGTGAACGCGGTCAATGGCTCTGGCGGAAATTACAGTGTCACATGGTATAACACCGGGAAT 500

TDYWQNWTDGGGTVNAVNGSGGNYSVTWYNTSGN
TTTGTTGTCGGCAAAGGCTGGAATACGGGATCGCCGAACAGGGTAATCAACTACAATGCCGGTGTCTGGGCACCTTCTGGCAATGGCTATTTGACGCTGT 600
FVVGGKGWNTGSPNRVINYNAGVWAPSGNGYVLTTL
ATGGATGGACAAGAAACGCGCTCATCGAATACTACGTTGTGGATAGCTGGGGAACTTATCGGCCTACCGGAACGTATAAAGGCACCGTGACCAGCGATGG 700
Yy¢wWTRNALTIEY YV VDSWGTYRPTGTYIKGTVTSDSG
GGGCACATATGATGTATACACGACTATGCGATACAACGCCCCTTCCATTGATGGTACGCAAACCTTCCAGCAATTCTGGAGCGTCAGACAGTCGAAGAGA 800

GTYDVYTTMRYNAPSIDGTQTFQQFWSVRQSZKTR
CCGACCGGAAGCAACGTTTCTATTACTTTTAGCAACCATGT TAACGCATGGAGAAATTACGGAATGAATCTGGGCAGCAACTGGTCTTACCAGGTTCTAG 900
PTGSNVSITFSNHVNAWRNYGMNLGSNWSYQVL
CGACAGAAGGATATCAAAGCAGCGGAAGCTCTAACGTAACAGTGTGGTAATGCCGGTATAGTCACCAATTAAAAAAATTGTAAGCGCCTAATTTCCAGAA - 1000
ATEGYQSSGSSNVTVW -
TATTGAGAAAGTCTTCTTATCATTGATATTGTTAAGGACCGCCGGACCCTCAACCGGCGGCCTTATATATTTCAACACAGGATACTTACCTACGTACTGC 1100

—_— «—
TGAAACATGACCTTTCTAGAACTAACATACGTACTTTGAAGGAGATATATTCATGAGAAAACTATTAATATTTCTATTAATGGCCAATATATTTGTTGTC - 1200
AGCGCATGTTCACAGGAAAAATCGGTACAAAACGGAACGCCCGTAAAGAATGATAACCTTGTGTTOGTCCAGGGTGGAAC 1280

Fig. 1. Nucleotide sequence and deduced amino acid sequence of xylanase gene. The amino acid deduced from the open reading frame is shown
with the one-letter code below the nucleotide sequence. Putative ribosome binding site (SD) and promoter sequence (-35 and -10) are depicted
below the underlines, respectively. Amino acids corresponding to the putative signal sequence are italicized. Bold italics indicate the putative
catalytic amino acid residues (Glu105 and Glu198) and substrate binding residues (Tyr96 and Tyr107). Palindrome sequence that may act as a
transcription terminator is indicated by arrows facing each other. The numbers at the end of each line correspond to the nucleotide positions. The
upper and lower primers are underlined with bold character in the start and end positions of complete nucleotide sequence.
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Fig. 2. Temperature and pH optima (A), and thermostability (B) of the XynA. Temperature profile (open symbols) was obtained by measuring
the xylanase activity at different temperatures with fixed pH 5.5 for oat spelt xylan hydrolysis. The pH profile (closed symbols) was obtained by
measuring the enzyme activities at various pHs with constant temperatures of 55°C. Buffers (50 mM) used were as follows: sodium citrate (pH
3.5-6; -e-), sodium phosphate (pH 6-8; - ¥-), and Tris (pH 8-9; -m-). Thermostability was determined by measuring the residual activities after
pre-incubation for 1 h at different temperatures. Each curve represents the average of three independent experiments.

Az gt A B4 E xylanased] 242 ST 20 A
9] Hrh= dAWolA o] ¥8kem, BL21(DE3) Hrth=
BL21(DE3) CodonPlus®]| 4] xylanase AJAHgdo] =9ttt (A3 o)A
A)). 2] 39 (RNAS 2733 CodonPlus #5014 <))
AR} T TFo] F7leh= FARS P. woosongensis 2] B-xylosidase/
SAAE FPLHAHE BE v ek
(Kim and Yoon, 2010). T3} Paenibacillus sp. DG-222] xylanase
= Az WY periplasmo]] thREo] EA5t= A= &
H A (Lee et al., 2007).

weba] Gagdo] w2 e et oA sl s
Z2H N0 2 ALESLe] §h3-2 & 9} pH7} xylanase &/ o] 1] %]
= FFE A A1 Fig. 2A0) 21 vkel o] 60C et pH 5.5

o-arabinofuranosidase

' 4
.
0 0008
X1 X3 X3 X4 X4 X5
+E +E

oA HgdS BHoH pH 3.594 = /9] 30% o]
o A4S vehith A 2AE A8l 284S o7 2
oA 1X]7E ] & 22 S5+t 40 ColstolA=
gt o, 50T ollA= F 50% F =] S FAIs3eH,
55T oA E 343 AZ=cHFig. 2B). Paenibacillus
sp. DG-229] 6 x His tag®] 8¢5 xylanase A= 60C ¢} pH 6.0
oA HHEAE Hol & P E XynA}t FAFSHH (Lee et
al., 2007), Paenibacillus sp. HC12] xylanase-13} -1l 25 45C
9} pH 5.00) 4 ZOj&A] Hoj= Aoz U A th(Harada et al.,
2008). ¥HH GH109] &3t @i 7|59 9o 49 60Tt
pH 9.09| A HJ&A-& Ho|= P. barcinonensis2) xylanase A
(Valenzuela et al., 2010)2} 65°C o)A 4A|17F HFX] 2o = 50%

*

< X1

<—X2

<—X3
X4

0089 ~
X5 BX BX 0OX OX
+E +E +E

Fig. 3. Thin-layer chromatogram of B-1,4-linked xylooligosaccharide and xylan hydrolysis products generated by crude enzyme of the cell-free
extract. Reaction mixtures containing the crude enzyme and xylooligosaccharides or xylans in 50 mM sodium citrate buffer (pH 5.5) were
incubated for 5 h at 40°C. X1 to X5 represent xylose to xylopentaose. BX and OX stand for hydrolysates of birchwood xylan and oat spelt

xylan, respectively. E, cell-free extract.



Ao XS GR5t= Aoz G A P. campinasensis BL11
(Ko ez al., 2010)9] xylanase = FH&-E/Jo) Alo|7} 2 A& & 4=
gtk EG 78] WE WSHS AL A% XynA:
carboxymethyl cellulose, locust bean gum¥} ZHo] xylan©] opbd
A5-2A 24 Eal5HR] 3819 AL para-nitrophenyl-B-xyloside
U para-nitrophenyl-B-glucoside = E3|5}A] L}t 18|
oat spelt xylan ] birchwood xylan®] E3}5-2 oF 76% A=
FE0 2 Uyt

XynAo]| 2Jgt oat spelt xylan¥} birchwood xylan & xylobiose,
xylotriose, xylotetraose@} xylopentaose®] 7}pE3l AFES
TLCE &A%t 23} xylobiose= £8l|5HA] ZstH oA} 1]
AA), xylotriose 0]/442] FHEE 2= 2|12 Efist= A
© 2 e} o E3t xylopentaose”} xylotetraose E th= o 2
EolE= P2 Eh(Fig. 3). 2123l xylan} xylo &2|arg
9] EaiE R xyloseZ} 71 wol WEE o™, xylotriose2}
xylobiosed# oftjg} o] B} 23=rt 2 EE|ago] A" AL
2 Ho} XynA+ endoxylanase2 HHE|QITt. P. barcinonensis
9] xylanase A+ birchwood xylan< £3}|5}] xylose, xylobiose2}
aldotetraouronic acid2 FQUHS AFEZ AJA]5}H(Valenzuela
et al., 2010), Paenibacillus sp. HC12] xylnase-1-2 xylo &1
T2 xylose2} xylobioseZ2 E&¢ttt= Z I} (Harada et al.,
2008) H]w 3l EH XynAE xyloseE 8 AHEE AAeith=
oA ol a4 FAISITE 3HE o8 7| 5Eger 144
Paenibacillus sp. JDR-22] xylanse A+ methylglucurono xylan
2 H3)5lo] R4S AHEZ xylobiose?} aldotetrauronate=r A3
Absl= Ao 2 B 1 th(Stjohn et al., 2006).

)

Paenibacillus woosongensis®] F+AA| F&E F7|E2EE
829 xylanase -3 HAS PCR ZE3to] 3ol 2243519
t} Xylanase &A= 211 ofu|=Ato 2 LA E Gl S J &
S} 633 3 2e| L E| =2 o] RolHrk. obv| Al A7 B S
A5t A7} xylanase: glycosyl hydrolase family 11¢f <3}
Paenibacillus2] xylanase2} 85-89% A-5-4-2 2 I} Xylanase
S AZE T7 promoter2 TS A}t 11 draSfo] 2] &
skon), A - 2olH BT Gagho] BAEAL 42T
el FATHIEAE AL gato] b WS EAS ZARE 2
T} pH 5.59F 60C oA ol BFg-E/E Bt HH xylanase
9] 7142 xylan} xylooligosaccharidesE AMESIES W xylose
¢} xylotriose”} 8 2% YREARER A0 ™ xylobiose £
&f51A] Bath ot o] et =712 xylooligosaccharides= £
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