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B-1,4-Xylans, major components of plant hemicelluloses, are heterogeneous polysaccharides
that have a backbone of #-1,4-linked xylopyranose units. Xylanases (1,4-/-D-xylan xylano-
hydrolase; EC3.2.1.8) catalyze the hydrolysis of xylan to xylooligosaccharides and xylose.
Recently, we have isolated alkaliphilic Bacillus sp. strain 41M-1 from soil. Strain 41M-1 secreted
multiple xylanases and one major form of them, termed xylanase J, had an alkaline pH optimum.
In this study, we describe cloning, sequencing and specific mutagenesis of the gene encoding
xylanase J from strain 41M-1.

A genomic library of strain 41M-1 was screened for xylanase activity to obtain a 2.2-kb Eco
RI-Sph I fragment containing the xylanase J gene. Then, the nucleotide sequence of the 2.2-kb
fragment wasdetermined. The putative xylanase ] genecontained an open reading frame of 1,062
bp and encoded a 27-aa leader peptide followed by a 327-aa mature enzyme. The promoter-like
sequence and typical Shine-Dalgarno sequence were observed upstream from the possible TTG
start codon. A perfect 14-bp inverted repeat, corresponding to a transcriptional terminator,
occurred downstream from the TAG stop codon.

The xylanase ] gene was expressed in Escherichia coli. More than 90% of xylanase activity
was located in the periplasmic space. Characteristics of the E. coli-produced xylanase ] were quite
equal to those of the enzyme from strain 41M-1.The deduced amino acid sequence of xylanase
J was compared with the sequences of other bacterial xylanases. The potential catalytic domain
of xylanase J was located at the N-terminus and had strong similarity to family G xylanases,
suggesting that the enzyme also belonged to the family G hydrolases. A linker sequence rich in
Ser, Thr and Pro occurred between the catalytic domain and an additional domain at the C-
terminus. This C-terminal domain of unknown function showed no significant similarity to any
other proteins.

Two Glu residues, previously identified as essential for catalytic activity in the family G
xylanase from Bacillus pumilus, are conserved in xylanase J at positions 93 and 183. These two
Glu residues were targeted for mutational analysis. Substitution of Glu-93 or Glu-183 by GIn
(mutants E93Q and E183Q, respectively) drastically reduced xylanase activity. The carboxylic
residues of these two Glu would probably act by general acid catalysis as has been shown for
other hydrolytic enzymes such as lysozyme. The enzyme activity of xylanase ] was inhibited by
N-bromosuccinimide, suggesting that Trp and/or Tyr was involved in catalysis. Some of Trp
and Tyr in xylanase ] were replaced by Phe. The large decrease in activity were observed with
the mutant enzymes W18F, W86F, Y84F and Y95F. These results suggest that Trp-18, Trp-86,
Tyr-84 and Tyr-95 play important roles in binding of the substrate.
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Table.1 Properties of xylanase J

Molecular mass 36.0 kDa

p! pH 5.3
Optimum pH pH 9.0 (at 37°C)
50°C (at pH 9.0)

=55°C (at pH 9.0)

Optimum temperature
Temperature stability

Inhibited by HgCl,
N-bromosuccinimide

Main products =X,

K value 3.3 mg/ml

Vmax Value

1,100 pmol/min-mg

T L 1ce TORR. ¥V 5 —€TidpHI. 0
TuAYERBICRICOERBERT 2R BEE
ThHHENPSMNEL -7 (Table. 1) & 7,
AMRTIR. T VHFHT CEEERERT
CEmsFrary THEEHOMESL L ToR
Ay anzd+ o 5+ —CIEHlIcEn, 2D
FRIEE R CUF 7 L 1 ) R 2 5 L L TR
TH5ILEEHMBE LI, THbE, F 55—+
Jea—-FF2@zFD7o—= 7 &RERIIC
B BRAET -1, 51, iBHREDT I/
EERCYI LIS & B BERERRIBOIEE 24TV, 7 o
SET I L BIENET I ) BREDIFEERHS
Ten

2 R B

2.1 EH. TIRI FBLUEH
W7V Y 5 2B 13+
SF-—CHEERTH D, BELLTRARBE
HBLO1#k (7 o—=>7) | MV1184kk GRIzFR
) . CJ236kk+ & OFBMHTI-18mutSkk (Eh 4R
MER) ZEMALIL, KIBEHAX -1tk 735
Z 3 RpUCL19%& FHW 7o,
AIM-1BRDHEFZITIZ T L 71 ) PERARIE /S % |
Z L TKIGEH DA ICIILIERS & H o, HE
KIEL. ¥ 7027062 v 2FEMLTER
st

2.2 o0-=2 Ui
BzFro—= VB UCIERERINRED

Sambrook 58 M7 = 2 TIVIZHE » TEM L 72, H
(IFFFOZ R Kunkel % TH - %,

2.3 Foo5r—tENOFME
KISEDEFYEZ G - X 75 X L0 FHA
ME SIS Lic, KBEBHICTENDF 25
F—CEDERRIEG . BERY IS - TEML 7o
RIEGEpHY. 00 37T°CTIOSRIfTV . BB+ 5~
DB 2% & LT,

—1110=



BRHERR Y 5+ —CIOERFMICIT. X
)75 XA ER N, &R TS5 X LEESIC
BENZHARNSZVIERMBROERIT. ¥
ERIF L SF—vlictd 24 FhiMEERL
T ELISARRIC THT - 7o IETEIIE SELISARIC
$ By ) EEBOERN S IEEERL L
120

I HRLER

3.1 Fror—ChAafmForso-—-=—>r4
U A ) Ve Y S 2 IBHETEA LM IR D Btk
DNAZ A 75 —%fF® L, V7 0 ZFUE
K bETo o —DEREHELELT, ¥ 5
F—EIREE2ECHE I o— 28K,
H770— BMITOMR, ¥ 5+ —€IRIET
13#92. 2kbDEco RI-Sph I¥iFFica—FahT
WB I ENbhat, TOFL T+ —EIRIZF
WrhA2EaOHMmA 75 2 3 KpAXISRD FIFR B F b
H%Fig 112739,

EcoRl
Hindill
Xbal
Sacl
Xbal
Hindlll
Sph!

pAXJ3R
——spe———c—a==—c—w
Xylanase J
N

1 kb

Fig.1 Restriction map of the plasmid pAXJ3R
The double line represents the chro-
mosomal DNA fragment from strain 4IM-
1.The arrow shows the position of the
xylanase J gene
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ATCTATACTTGTTAAAGTGATATTGGGAAAAGAGTTTGATAACATTTAAATGTAAGCGETTACiAATATTGACTAAAGGAGGTATTCTAG
=35 =10

AATTTTCGTTATGATCCAAACCGTAAAAAATTATAGGAGGTATGCCGTTTGAAACAAGTAAAAATCATGTTTTTAATGACGATGTTTTTA
sD M K Q V X I M F L M T M F L

GGAATTGGTTTGCTATTTTTCTC TGAAAATGCAGAGGCAGCTATTACTTCTAATGAGATTGGCACACATGACGGATATGACTATGAATTT
G I 6 L L F F s E N A E A[A I T s N E I G T HD G Y D Y E F

TGGAAGGACAGCGGTGGTTCTGGAAGTATGACATTAAATAGTGGAGGCACATTTAGTGCTCAATGGAGTAATGTGAACAACATTTTATTC
W XK D S 65 G s G s M T L N S G G T F S A Q W S N V N N I L F

CGTAAAGGAAAAAAGTTTGATGAGACACAAACTCATCAACAAATTGGAAATATGTCCATTAACTATGGTGCCACTTACAATCCTAATGGA
G K K F D E T Q T H Q Q I G N M s I N Y G A T Y N P N G

AACTCCTATTTAACTGTATATGGTTGGACAGTAGATCCCTTAGTAGAATTTTATATTGTTGATAGCTGGGGAACGTGGCGTCCGCCAGGT
N s ¥y L TV Y GG W TV DUPL V EF Y I VDS WG TWR P P G

GGAACACCGAAAGGAACGATTAATGTAGATGGTGGAACTTATCAAATATATGAAACCACACGCTATAACCAACCATCTATAAAAGGAACT
G T P K G T I N VDG GG T Y Q I ¥ E TTT R YN QP S I K G T

GCAACTTTTCAGCAATACTGGAGCGTAAGAACCTCAAAACGTACAAGTGGAACGATTTCTGTGAGCGAGCACTTTAGAGCTTGGGARAGT
A T F Q Q ¥ W s V R T s K R T s 66 T I s Vs E H F R A W E s

TTAGGTATGAATATGGGGAATATGTACGAGGTTGCTTTAACGGTCGAGGGCTACCAAAGTAGCGGGAGCGCAAATGTTTATAGCAATACC
L G M NM G N MY EV AL TV EG Y Q S S G S A NV Y s N T

TTAACTATAGGAGGACAATCTGGTGGTGAGCAAGCAACTAGAGTAGAAGCAGAAAGTATGACARAGGGTGGACCTTACACCTCTAATATT
L T I 6 G Q 8 G G E Q A TR V E A E S M T K G G P Y T s N I

ACTTCTCCTTTTAACGGAGTTGCTTTATATGCAAATGGTGATAATGTGAGCTTTAATCATTCATTCACCARAGCAAACAGTAGTTTTTCA
T S P F N GV AL Y A NGDNUV s F NH S F T K AN S s F s

TTACGGGGAGCCTCCAATAACTCAAACATGGC TAGAGTTGATCTGAGGATAGGTGGTCAAAATAGGGGAACTTTTTACTTTGGAGATCAA
L R G A S N N S N M A RV DULIRTIGSGOQNIRGTF Y F G D Q

TATCCGGCTGTCTATACCATTAATAACATCAACCATGGAATAGGGAATCAATTAGTCGAGCTCATTGTAACAGCTGATGACGGAACATGG
Y P AV Y T I N NI NHG I G N QL V EL I V T ADDG T W

GATGCTTATTTAGACTATCTAGAAATAAGGTAGATTATAAGTAAACCTTAAAGACTGTTACAGAATAAATCTCTGATTTAAAAAGGTGAA
Dl A. Wi ki D] ¥ In) $Ed IV IR —_—

ATGGAAAAAATTCCATTTCACCTTATCTATTTTTCTAGGTTGTACTGTTAAAGCAGTAGAATCAACTGTTTGTCTTCGTTTTTAATTTAA

Fig.2 Nucleotide sequence and deduced amino acid sequence for the xylanase
J gene. The location of the possible promoter (-35 and -10 sites)
and Shine-Dalgarno sequences are shown overlined. A terminator-Iike,
inverted repeat sequence is indicated by arrows facing each other.
The boxed region denotes the N-terminal amino acid sequence as
determined from xylanase J from strain 41M-1.

NRImRID 7 7 2 ) —CRIERF A A L DI 5ILH

tisoto NS —EBLUF L FF—FE. %
O RN AL DT I ) BRINICESZ, 11O
T7IY-ISHIhTWS'Y, REETICE
ERREFINREINTVEF Y T+ —FiF, §X
T773Y—FEHLBCIHBEINTVWE, EfD
Bpuoilus ¥ 5 F—¥E 773 —GIZE@T 5
ENEFSshTWwWb, ¥ 5+ —EIJONKRIFHRID
2/313thd 7 7 T U —GF > T+ —E & H36~69%
DEWVERBEER LI ELD (Fig 3), ABEFH
b77 1Y —CGEETSHbDEEZ SN,

1=

WEF L UKE CRE) Az, H100EREH» S
HAZRYRTF FHANBEEL TV S, TDOCKE
ML/ Y 26 Ic > VW CHREREET-
7oA. Ay 0B EOMICT I J BRI
OHRAKERZAD ST, ZOBEBRAHTS -
73,
FU5F—CIDONKBAIORE N A 1 » ECK
InRlOBRERMMBER E OMICIZ. €Y v » 2L A
Zr e Fol VICELHERENED S, TOMR
Budg. FAA CBICHREL. EERes Ricdy



MAEMICHKTIZHIMEEDIR L F ol —~DLA

vH—BEAEEZ Shtc, USSR ICEK D Table.3 Specific activity of xylanase
X5+ —CIDF A4 JHEE Fig AIKRL mutants
2,

Enzyme Activity Protein Specific activity

(U/ml-culture) (mg/ml-culture) (U/mg)

3.4 EMEEMICESTS7 I/ BREOBE _

U5 —CIOMEERICEE T2 T /& é";'d(:VPe ;~3 £ 2o .
3 .20 0.10 2.
5t P G =l
BAEHESLBMNT, TOMB N AL ST S E183Q <0.001 0.069 <0.014
W18F 1.4 0.072 20
WB86F 0.98 0.030 32
Table.2 Subcellular distribution of W100F 5.6 0.039 140
xylanase activity in E.coli W103F 2.1 0.013 160
carrying pAXJ3R W144F 5.2 0.030 170
W165F 7.6 0.081 94
Fraction Activity (U/ml-culture) [%] Y80F 8.9 0.066 140
— Y84F 0.005 0.048 0.11
Extracellular 0.495 [9.1] YO5F 0.006 0.048 0.13
Periplasmic 4.90 [90.3] Y121F 0.95 0.0051 190
Cytoplasmic 0.0300 [0.6] Y185F 4.4 0.017 260
* * * ** +* * * * *k Ak ke *
1 AITSNEIGTHDGYDYEFWKDSGGSGSMTLNSGGTFSAQWSNVNNILFRKGKKFDETQTHQQIGNMS INYGATYNPNGNSYLTVYGWIVDP 90
* Kk kkk * * * %k * %k * * * * kkk Kk *k kk khkk * *x * % * *
91 LYEFYIVDSWGTWRPPGGTPRGTINVDGGTYQIYETTRYNQPSIKGTATFQOYWSVRTSKRTSGTISVSEHFRAWESLGMNMGNMYEVAL, 180
* & *k Kk

181 T@YQSSGSANVYSNTLTIGGQSGGEQATRVEAESMTKGGPYTSNITSPFNGVALYANGDNVS FNHSFTKANSSEFSLRGASNNSNMARV 270
271 DLRIGGQNRGTFYFGDQYPAVYTINNINHGIGNQLVELIVTADDGTWDAYLDYLEIR 327
Fig.3 Amino acid sequence of xylanase J. Amino acids that are conserved at

least 70% of known family G xylanase sequences are shown by asterisks.
Putative catalytic residues are boxed.

Family G catalytic domain Functionally-unknown region

.
X

Linker sequence

}-cooH

H,N

Fig.4 Structural feature of xylanase J.
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&ML (Table. 3). KBEFICHVT HG61uIds
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Fig.6 Tertiary structure of & pum//us xylanase. E93, E183, W18, W86, Y84 and
Y95 indicate the corresponding position of Glu-93, Glu-183, Trp-18,
Trp-86, Tyr-84 and Tyr-95 in xylanase J, respectively.
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