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Bacillus circulans T2l cellulolytic xylanase 78X} (bgIBC2)2]
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229339 Bacillus circulans ATCC21367 52 cellulolytic xylanase A xH(bglBC2)2] G7|X D& AA - BA 314
o} B §A A= 1,224 bp2] 40770 o}1] 2 AF-S- 43 3} open reading frame (ORF) 2.2 A = o] glgl 2w ¢7]
M2 RE AFEE FRARLS] BRI 45kDa S 2 §4-2] SDS-PAGEZ R & 9 Ex15k3} o 2] 814 o} ATG
7N Al ZE2] 9 bp $1Z<ll Shine-Dalgarno (SD) A1 9 2 F4 5= 5'-AAAGGAG-3' A g o] 1= 2 Aol
promoter= 33 =& -35 A1 I(TTTACA)F} -10 A Q(TATACT)®] $1A3}3L 91%1-2. 1, o] %= B. subtilis promoter

4,

consensus sequence$} A8} o}

o] §49] olu|xAl A FL o]u] R3H B. circulans KSM-N2572]

alkaline endo-B-1,4-glucanase®}= 97%, B. circulans WL-129] endo-B-1,3-1,4-glucanase}= 75%, Bacillus sp.
KSM-3302] endo-B-1,4-glucanase (cellulase)2}= 45%2] FAHd S el o} =38 bglBC2 F714 Q9 AR E
GenBankel| 55315 2m 558 3= AY269256°]| .
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kAl e 2 EAfshs 2154 714 (biomass)©] 773
-2 cellulose, hemicellulose, lignin®|™ °]lEZHE #-8 3}8=
A, Ag 9 qUR| 29 &8l B3I A7 A MAZeE &
W) P k@), 2 o]E biomasse 31314 2 AlE
g4 Zg-Esfel wig- Aol F EgAe] Axg FEE
A 3l3HEo] 7] ol 53] UFNF o] &0 A1 3l om o}
= gk o] HA3s] o]-8FA] X3 A ASlEAY HAVEE
FFE]o] Aol @HlEar r}. 1= o]e|gh biomassE ¥l
o] AhozA TaEHoz &8aly] g oy 7HA] Wklo]
A3 aHTh

Hemicellulose= D-xylan¥} D-galactan, D-mannan 5-°] &%5]
o] = B3 TFdF(complex polymen) @A THU3 H-x]9} =2
7HA A Qo 7B AT 68Fd B3 S£3HA|Q celluloseS}
9] T2 sggoF o]FolA Q). ol U9} AE]
Ao B S A om AES] TR Fed
wE} @Ag 2ol BT,

Xylan< hemicellulose2] 60-80% & =}A]|&}aL
heteropolymer2 4 1 WX cellulose T} T4
celluloseel] HI3)| Hlm 2] LolalA| diol s 3l d & U=
EA4L AYa ot A el xyland cellulose}= €] ol
¢ 535 725 7EAAL ATk B-14 polyxylose®] Ao
acetyl & arabinosyl, glucuronyl 52| F7|7} AH T3 =
HE 7HA AL ¥ oy} xylan A} A3 7F == xylan
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A9} lignin BAF A& cross-linking=]©] ATk wWelA] xylan
A A AR, S F, acetylation®] A=) W) ok
F5ITH4). o9 2 B3 129 natural xylans G820 F
7ERalstE ™ A7) BARRES] cross-linking?} S2 A3 6.9
o2 Hddh= ferulic acid esterase®} acetyl xylan esterase, @
-arabinofuranosidase, glucuronidase 52 &4:9} p-14 T2
Actol| "= B3l G420 xylanase®} B-xylosidase 53 72 &
429 ¥F F&(cooperative action)©] B Q3+ o2 HI H11
A H24). ©]F oA xylanase= xylan®] 7]E-FHS H-3)5}
xylooligosaccharides® ZEA7|= 42 A xyland] 71=7-38)] 3}
oM 717 T3 IS s}

Xylano] w3l =W o]-84do] F7}=7] wiiEel xylans #3la}
© 840 #st Aoy FBolE tdo R Qe B
AG7F AP oo, o]E vAE2] xylanase?} 1 FHA]
Edo] B HJ(11, 18). YRbMHE M= BacillusS} Clostridium
& TT5 THOE Ut 549 xylanaseZ| HAHNOH, &
ApFolut ¥kg- 5740 Fgolut w29 xylanase R} T
TSIEH18). &3o] SANME Aspergillus & T3} Trichoderma
reeseidl 23] AY2FE xylanase’} ®o] AFEANoH, 53
Trichoderma reesei= xylanase2] A42Hdo] =& Aoz deHTh
(17, 20). 38, Clostridium thermocellumN A= 7do]et & G4
7} B HJ=E 2 F sh= ©A cellulase (CMCase) 2442
Hol= "ol T2 3= CMCase?} xylanase B4-S 25
EHY 211'4-(19) aHE=s xylanaseg axrzd A= xylanjq-
cellulose7tre] W3} 7)1 Eolde ZANSE & AAE|ook Lt)y
FHAEThO, 24).
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Xylanase®] 2Fg4] F-842 HAAZRE A Hx A,
7159 AR S A, HLS59] A, Al nEAs) B3¢
FAEE o]& FollA F5 WA Qlok(11, 23). AREARGClAE v
AE F xylanaseZ} AR F7HE 42 ARSEY IE AR
433 Al hemicelluloseZ A 715<9] o] IHATE A3
71 715S Fo=H Asly] AW odidlal AlRasSs Y
A7le Aoz deA Joh(13). TS xylanaseE 2|3} w-<]
E2E& /WASIAY, B-xylosidaseSt 7 xylanase FAAT =4
H BRE o83l F - A FAE-S FIfetarA} sk At
218 = 31 QITH6).

T84 xylan AHY2] E8-8 S8t F2 xylanase A &

= TR3EZE xylanase5S] BT O FRAAEC B AT
7} 27" ol fEiME a49] cloning B A ZS- HF9
24 5 oS A5 sl AdaE ook gt Xylanase fr
AL cloning 19831 Bernier 5°| B. subtilis2] chromosomal
DNAZYE B3] Escherichia coliol cloningdt S Al X2
sl AAY7EA] 5009F2] xylanase F-FAF7} cloning E %101 o]
% B. stearothermophiluso1 A 22 xylanase F3A}F 5 3099%
9] xylanase F+AAM] G718 =A7F 2AE] O] xylanased] wF
717, BRI 2 28705 Tl Be 7|1FER HRE AT
SlaL ATH?2, 7). 3, B. circulans’} AAF8= xylanaseol] T3]
Ae FAaA Fx9 a4 &g F9ld B Bl qlen,
Ashita 52 cellulase 4ol 2|31 A3} Gzbe]o] 33 A=
xylanase®] A|¢} 5/ -5 HATHI, 4, 22, 26).

B AFA= B circulans ATCC213670] AYAFsl= cellulolytic
xylanase RS 8438l E coli DH5ao] LA & &
2E FAA E gao] gukERl Asleld B4 Uigk Ay
E B4 B3k v ok10). F2YE AZF plasmid pXL180
< B circulansZ5-E F2E 0.5 kbe} 1.3 kb Psil HAHUSZ o]
FoIZ F 1.8 kb 4] WS XSt ATt uEb] B A
A= FEYE cellulolytic xylanase -F-2AH(bgIBC2)S] G714
& Agste] 1 54E B4 - ek, oW BaE tE -
glucanase Fr37}e}e] 45 FAMIS HlnEl] Bz} g

e L Wy
Al 7F R EElA0IE
B Ao AR&-H cellulolytic xylanase F-22HbglBC2)S] 3
T B. circulans ATCC21367°]10.H, FAAES 913 &
2 E. coli DH50[supE44 AlacU169 (®80 lacZ AMI15) hsdR17
recAl endAl gyrA96 thi-1 relA1]7]- ARgE QL) 1E]ar subcloning
vectorgt— pUC199]- pBluescriptll SK(+)& ARE-3F9I T}

HHX| & A==

B. circulans DNAZ} 3t A 25 Z2kv| =8 A E coli
DH50= 100 pg/mle] LB (0.5% yeast extract2} 1% tryptone, 1
% NaCl 3Hr) wigdola zetA sttt FAHSAES
MacConkey 3 vl X|ol] ampicillin 100 pg/ml=| Al $H-A1A A
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Halag. 4848 Yehlls dAx8A 9] AEe fJei=
71891 xylan (oat spelt, 0.3%)°]} carboxymethyl cellulose
(CMC, 0.3%), lichenan (0.3%)3} &A1 ampicillin (100 ug/
ml)S F7Fste] ARE-3HAT

DNAZS| £2|

Zg}2u|= DNAE Wizard® plus Minipreps DNA Purification
System (A7500 Promega, Madison, USA)S- ©]-83}e] £33
o}

Cellulolytic xylanase FHXto| &i7[ufd =M ZH U Y

B. circulans cellulolytic xylanase % Z}(bg/BC2)2] A|S+E A
Azof] A3t HH AgtaAE st o8 7FA] F-H14)
TS pBluescriptll(+) plasmid vector®]] ligation A7 2%+
plasmid DNAES A|Z3F 3 Z} subcloneol] W3t A7]lE &4
A7 dideoxy chain termination "WH Oz 3IH Tt A7IHE
F22 GENETYX-MAC (6.0.2)% DNA Strider (1.0.1) program
& ©o|83F93L, Bl Bacillus sp. Y] B-glucanase -%1A2}e]
FAAS vlws] B7] 98] http//www.genome.ad.jpS} http://
www. ncbinlm.nih.gove] QEJUl ALO|EE Zho} ZA}51 oW o}
Ak AEe] A ARE AFS] &7 93l BLASTX
programs-  ©]8§3te] RIS HAT. T3 hglBC2e] AHARE
GenBank®l| 55319027 SEHIE AY269256°] T}

SDS-PAGE % Zymogram (Activity staining)
A S-S 9l 34 o] #9 9 zymogram? Kim

So) ol weh ANSHATK10).
Zdnt ¥ o

Subcloning ¥ 4 &4 XAt

B AFA= A8 AFolA xylan £35)] #HE G490 AiksS
MR Q= Ao R AW B. circulans ATCC213675 ©]&,
cellulolytic xylanase F-XAE pUC19E vectorZ 3}y tjg=ro]
2249 9 HAS AHAT o] A SEr|EE pXL180©]
s Wetal o] fraiAkel Agtas A=s Wil uh glvk(10).
A71E A4 2 A4S 25 1.8 kb cellulolytic xylanase F-%1
2 ARE EFFehal e XSSP =(pXLI0)e] AES
o] g3l oy 7HA AjEALZ AT F A pUuCI9T
ligationA]A 2} subcloneE9] &4 &S ARG Add
1.8 kb 27|19 FAAE psASE A]ste] 1.3 kbe} 0.5 kb =2
719] ¥ HAHS Ao Z+z} puCi9FH ligationr]7] TR A4S
ol ko) 5 subclone B5F &4 A4S Ho|X] ity 1
2]3L pXL180S EcoRIC.E 2]t <F 500 bpe] S A|A
3laL self-ligationA |7 0L} o] 3 G4 B4 UERHA] 2Tt
I8 E=2 xylanaseE: T 9= FAA7F 0.5 kb PsA HH T}
EcoRl ¥-9] Wol] =0} glrhar F4&}kar 1.8 kb AH A9
7] MEE A= AT G4 FAL xylan TEE CMC
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7} 0.3% X3 LB (ampicillin 100 pg/ml) g wf=] 4]
B4t (halo)yZ TH3te] Fahsich

DNA 97| M2 2% 4 24

Cellulolytic xylanase +ZAH(bgIBC2YE XE33}aL A= pXL180
©] 1.8 kb DNA dH39] 1 Jrgs A8 £ 2%, 34
H R F7|= 1,842 bpE ATGE 7fA] I =02 1= 1,224
bp (nucleotides 269-1,492)2] T open reading frame (ORF)©]
HAHITHFig. 1). & f30718] ORFE 4077} ofp]=itoz ¢
AElo] 9o 4 ExlFo] oF 45 kDadl polypeptide F-A-=
o+ 3}al NH,-ZeZo] 317]9] obu]iesto @ o] Fo]7 signal
peptide (Met'-Ala*y7} EAEITE. ©]E signal peptide= NH,-Z
o] A7 oK Arg# Lys)ol SAIsH 1 HE o]0
2ng2A) olu|i=ak(Leud} Phe, Val, Tle, Ala)o], COOH-Zg %-9]
ol 34 olvlsaiso] f)Aaigit.

WA FES ATG T2 e TAAR UERRAL A S2E9]
9 bp ¥ZC & Shine-Dalgarno (SD) A A (5-AAAGGAG-3)& F
A= g7 G| YHAEJTE Translation initiation &3 2]
AR BAE 7 SD MEF 7jA L= T+, SD AL
AR ZE Aole] Az] Bo] BHolA B ©) B AL ATG
AA ZE2] 9 bp A&l B subtilis 165 rRNA 3' G2
consensus sequence?} = FHAS UeERE SD MEG-
AAAGGAG-3)°] &A% ER1% 4= AATH15). =S promoter
2 FAEE 35 AE(TTTACA)T -10 A E(TATACT)S Z&&
Bacillus =4 B8 A} wl FARRE @71 AE
(TTGACA, TATAAT)S HJ}THFig. 1). ol &F <& &
&2 promoter?} T 2to]7F §1aL -359} -10 A E Ao]e] Az
X 17 bpZ % G832 promoter 72U HAFaL 9loH,
E. coli 5ol a3x o2 ZF5e 4 8 Aoz AFFHS
o Rk ohyz} COOH—““%ﬁ"ﬂH mRNA®| S F2A12
= & terminatorZ FAE T A E(5-AAAGCCCTGATCC-3',
5-GGATCAGGGITTT-3)= &A= T3 3 2 FEo=
p-independent transcription terminator= ¢1°d& Tl stem-loop

FEE AT 5 A

SDS-PAGEE S%! cellulolytic xylanase2| EXt2f 58
bglBC2E A )+t F-ASA| E coli DH50 (pXL180)2}
2780 F pUCI9E T3 Uit FFAEA E coli
DH5a. (pUCI9)E FU3 zHhoZ ujsle] SDS-PAGES}
zymogram (activity stainingyS =883} t}. Fig. 2004 B nle}
2] E. coli DH50 (pUC19) T M= 49 243 (halo)
= #AFE 5 QoYU E coli DH5aL (pXL180) 2] 7= vk
Feq T NE FEEAAM S5 Aol 24 g 7)o 4
£ eI et 299 cellulolytic xylanase £4~9] #
AEFe oF 45 kDal 2 FAHE R, o] ZAI= open reading
frame ZHE] F8H 02 Aatdl Bl dAES & 5 AU

A},

B. circulans cellulolytic xylanase f-3%}2] 7144 #2469

1 gaaagacggctttttgegtgegacgggatcegatetgtcaaactattaatttacaataatataca
-35
66 ataatatmgtagtagatatggataatttatcatttatataaagatatttacatatc{aa
10
131 tcttctcaggatttatacatataagcageattectegettecategattttgggaagggtggtae

261 gaagcgtg ate aaa gta ttc cga aat tcg atc atc cgt aag tcg gct gtg
1 Met Lys Val Phe Arg Asn Ser Ile Ile Arg Lys Ser Ala Val

311 tte ttc tet gct gtt cta cte atc tte cca gcc gea tteg tct cte tee
15 Leu Phe Cys Ala Val Leu Leu Ile Leu Pro Ala Gly Leu Ser Leu Ser

359 zcc‘aac aag cce ttt ccc cag cat aceg tcg tat ace agc eet tce att
31 Ala Asn Lys Pro Phe Pro Gln His Thr Ser Tyr Thr Ser Gly Ser Ile

407 aaa cca aac aat gtg aceg cag tca gce atg gac aat gce gtc aag aac
47 Lys Pro Asn Asn Val Thr Gln Ser Ala Met Asp Asn Ala Val Lys Asn

455 aaa teg aac agc teg aaa geg tct ttc cte aag cct gca gce aca gegg
63 Lys Trp Asn Ser Trp Lys Gly Ser Phe Leu Lys Pro Ala Ala Thr Gly

503 caa tat tac gta aaa tat aat tce sce gec gag acg gte tcc gag sct
79 Gln Tyr Tyr Val Lys Tyr Asn Ser Ala Gly Glu Thr Val Ser Glu Ala

551 cat gec tac ggg ate ctc ttc acc gtt cte ate gceg gega tac =ac agt
95 His Gly Tyr Gly Met Leu Phe Thr Val Leu Met Ala Gly Tyr Asp Ser

599 aat gcc cag tceg tat ttc gac gea ctt tat cea tat tat aag ece cat
111 Asn Ala Gln Ser Tyr Phe Asp Gly Leu Tyr Arg Tyr Tyr Lys Ala His

647 cceg agt aat aac aat cca tat ctg atg gct teg aag caa aac agc agc
127 Pro Ser Asn Asn Asn Pro Tyr Leu Met Ala Trp Lys Gln Asn Ser Ser

695 ttt cae aat ata egg gga gcc aat tcg gca acg gac ggc gat ateg gac
143 Phe Gln Asn Ile Gly Gly Ala Asn Ser Ala Thr Asp Gly Asp Met Asp

743 att sct tac gca ctc ctg ctt gce gac aag cag tgg gga agc agc £ga
159 Ile Ala Tyr Ala Leu Leu Leu Ala Asp Lys Gln Trp Gly Ser Ser Gly

791 tce att aat tac ctc cag gca gct aag gat att atc aat ect atc ate
175 Ser Ile Asn Tyr Leu Gln Ala Ala Lys Asp Ile Ile Asn Ala Ile Met

839 agc agt gac gtt aat cag tcc cag teg aceg ctg cec tta gec gat teg
191 Ser Ser Asp Val Asn Gln Ser Gln Trp Thr Leu Arg Leu Gly Asp Trp

887 gca aca agc ggc atc ttc gac acc gcc acg cgg cca tcg gat ttc ate
207 Ala Thr Ser Gly Ile Phe Asp Thr Ala Thr Arg Pro Ser Asp Phe Met

935 cte aac cat atg aag gca ttc cet gce gct act gec gat gtc cet teg
223 Leu Asn His Met Lys Ala Phe Arg Ala Ala Thr Gly Asp Val Arg Trp

983 gat aat gtc att aac aaa acc tat acc atc atc aac tcc atc tat aac
239 Asp Asn Val Ile Asn Lys Thr Tyr Thr Ile Ile Asn Ser Ile Tyr Asn

1031 gec tac agc tcc aat act gec tteg ctt cce =at ttc gta gtc aag tceg
255 Gly Tyr Ser Ser Asn Thr Gly Leu Leu Pro Asp Phe Val Val Lys Ser

1079 eec agc aat tat cag cct gce gaa geg gga ttc cte gaa geg ece aat
271 Gly Ser Asn Tyr Gln Pro Ala Glu Gly Gly Phe Leu Glu Gly Ala Asn

1127 gat gea aaa tac tat tac aat tca tcc ceg act cct tgeg cegg att acg
287 Asp Gly Lys Tyr Tyr Tyr Asn Ser Ser Arg Thr Pro Trp Arg Ile Thr

1175 act gac tat cte ateg acc gec gat aceg cet gce cte aat caa tte aac
303 Thr Asp Tyr Leu Met Thr Gly Asp Thr Arg Ala Leu Asn Gln Leu Asn

1223 aag ate aac aceg ttc att aaa tca gcc aca agc agc aat cct gcc aac
319 Lys Met Asn Thr Phe Ile Lys Ser Ala Thr Ser Ser Asn Pro Ala Asn

1271 atc aaa gca geg tat aac ctg aac gegc acc gcg cte gta act tat aac
335 Ile Lys Ala Gly Tyr Asn Leu Asn Gly Thr Ala Leu Val Thr Tyr Asn

1319 agt geg sceg ttc tat sct cct ttt gec gta agt gce atg act tce tce
351 Ser Gly Ala Phe Tyr Ala Pro Phe Gly Val Ser Ala Met Thr Ser Ser

1367 agc cac cag agc teg cte aat tce gta teg agt tac ace sceg aac gca
367 Ser His Gln Ser Trp Leu Asn Ser Val Trp Ser Tyr Thr Ala Asn Ala
1415 tcc gca sag gea tat tat gag gaa agc atc aag ctg ttc tcg atg atc

383 Ser Ala Glu Gly Tyr Tyr Glu Glu Ser Ile Lys Leu Phe Ser Met Ile

1463 gte atg tce geg aac teg tege aca tat taa acatcacgccctttaagtttaag
399 Val Met Ser Gly Asn Trp Trp Thr Tyr sk

1516 gaatcataaaaEa@_]ﬁgﬁ(_:ﬁ_t.g_a“tf‘bat tacgatcagggttttt tagttctttcctaccaata
1579 attgatttatagtaaaaaataataagaatttgcattgatatttaacatagagcatgtaaatct
1642 tattaatataaaacatttatattaaatgaataaattcagctgaagcttaactaaggcattgac
1705 atcttgtttttcttattgtgaaagggtttacaagaatgaaatcggaacgaagggagaatcgta
1768 tgcacaagagcatggtgcgtaagatgetgtgeagggatageggeagttttactggttggaggt

1831 ttaggctctgea

Fig. 1. Nucleotide sequences of the cellulolytic xylanase gene
(bgIBC2) from B. circulans ATCC21367 and the deduced amino acid
sequences for the open reading frame (ORF). The putative promoter
sequences are underlined and the possible Shine-Dalgarno (SD)
sequence is shown by broken underlining. Facing arrows mark
inverted repeat sequences that can work as putative transcription
terminators. Asterisks represent proposed termination codon. The
putative processing site of signal sequence of pre-protein is shown by
the vertical arrow.
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45 kDa

Fig. 2. SDS-PAGE analysis and zymogram of the cellulolytic
xylanase produced by E. coli DH5a. (pXL180). The E. coli cells were
grown for 16 hr at 37°C in LB medium. Whole cell extracts or culture
supernatants were appropriately concentrated and applied to 12.5%
(W/v) polyacrylamide gels containing 0.5% xylan. Lanes 1-3,
Coomassie blue stained gel; lanes 4-6, Congo red stained gel; lanes 2,
4, cell extracts of E. coli DH5a. (pXL180); lanes 3, 6, cell extracts of
E. coli DH5a. (pUC19); lane 5, culture supernatant of E. coli DH5a.
(pXL 180); lane 1, molecular weight markers (200, 97.4, 68, 43, 29,
18.4 and 14.3 K daltons).

BGC

Egl-330

bglBC2 MKVFRNSIIRKSAVLFCAVLLILPAGL
Egl-257 MKVFRNSIIRKSAVLFCAVLLILPAGL
BGC RKNRGFSFSSKAVMMCCLAFLLIPASTF
Egl-330 AAIDNDTLINNGHKINSSIITNSSQVS
bglBC2 KNKWNSWKGSFLK---PAATGQYYVKY
Egl-257 KSKWNSWKGSFLK---PAATGQYYVKY
BGC KAKWDS WKSAYLK---TAGTGKYYVEKY
Egl-330 KNYYNDWKKKYLKNDLSSLPGGYYVEKG
bglBC2 AQSYFDGLYRYYKAHPSNNNPYLMAWK
Egl-257 AQSYFDGLYRYYKAHPSNNNPYLMAWK
BGC AQTYFDGLYQYYKAHPSANNSKLMAWK
Egl-330 AQTI YDGLFKTARAFKSSINPNLMGWV
bglBC2 SGSINYLQAAKDI I -NAI MSSDVNQSQ
Egl-257 SGSINYLQAAKDMI - NAI MSNDVNQS Q
BGC SGSINYLQAGKDI I -NAIMQSDVNQSQ
Egl-330 SGKINYLKEAQNMI TKGI KASNVTEKNN
bglBC2 TGDVRWDNVINKTYTIINSI YNGYSSN
Egl-257 TGDARWENVINKTYTIINSI YNGYSSN
BGC TGDARWANVIDKTYTIINSLYSGYSSS
Egl-330 TGDKTWLNVIDNLYNTYTNFTNEKYSFPK
bglBC2 NSSRTPWRI TTDYLMTGDTRALNGQLNEK
Egl-257 NSSRTPWRI TTDYLMTGDTRALNGQLNEK
BGC NSCRTPWRI ATDYLMTGDSRALNQLNQ
Egl-330 NASRVPLRI VMDYAMYGEKRGKVI SDK
bglBC2 FYAPFGVSAMTSSS HQS WLNSVWSVYTA
Egl-257 FYAPFGVSAMTSSS HQS WLNSVWSYTA
BGC FYAPFGVSAMTSSVNQNWLNSVWTKTA
Egl-330 YVSPFI AAGTTNSKNQEWVNSGWD WMK
Egl-330 QSPINLEVQSELKEQD
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Cellulolytic xylanase FHXt2| FAM |

B. circulans cellulolytic xylanase -F-3AHbgIBC2)S] G711 ES
7} data bankdl] -5 EE DNA Q71X EEL vl - £33
2 249 FAME 7R fRAES 3 5 dsleH, o5
lA M FE glycosyl hydrolase family 89 &3l= AoZ
E}Th(Fig. 3). Hakamada 52 B. circulans KSM-N257Z 5]
endo-p-1,4-glucanase FA1S 712 FAA}, Egl-257 (GenBank
accession number AB059267)y& £249 3=l o= 1,221 bp
o] & ORFZ /5] 3IATH®). 18] o] he T2
A0 2 cellulose®} lichenano] 3l 7]& EolAdL HY oL}
xylan 3] F3lslA] Ealgom HA pHel &%= 247} pH
8.59} 55°Colt}. HbHo| B A7 F4+= xyland} carboxy-
methyl cellulose(CMC), lichenan®l] Tj3}e] 7] 5o]AdS Ho]
299 -4}, bglBC2 (GenBank accession number AY269256)
o] 4% cellulolytic xylanaseZ Hw3F v} o™ gio]
pHS} £=& 22t pH 5.29F 60°Co|t). T30 B sla B
84 Hakamada 59 B. circulans KSM-N257 alkaline
B-1,4-glucanase$} 97%2] =2 Ao o] BH&FTh
WL-129] endo-B-1,3-1,4-glucanase %1

endo-

Bueno 5= B. circulans

M
MVEKRKI FTVLCACGI GFTSYTSCI SA
SA-NKPFPQHTSYTSGSI KPNNVTQSAMDNAYV
AA-NKPFPQHTSYTSGSI KPNNVTQSAMDNAYV
AAPNKPFPQHTTYTSGSI KPNHVTQSAMDSSV
AKEMKPFPQQVNY-SGILKPNHVSQESLNNAYV
AGET- - - - - - - VSEAHGYGMLFTVLMAGYDSN
AGET - - - - - - - VSEAHGYGMLFTVLMAGYDSN
NGDT- - - - - - - VSEAHGYGMLATVI MAGYDGN
TGNPDGFRPLGTSEGQGYGMI I TVLMAGHDSN
SSFQNI GGANSATDGDMDI AYALLLADEKQWGS
SSFQNI GGANSATDGDMDI AYALLLADEKQWGS
SSFQNIEGADSATDGDMDI AYSLLLADEKQWGS
DDKKAQGHFDSATDGDLDI AYSLLLAHKQWGS
LRLGDWATSGI FDTATRPSDFMLNHMKAFRAA
LRLGDWATSGI FDTATRPSDFMLNHMKAFRAA
LRLGDWATDNTFKNATRPSDFMLNHLEKAFQAA
LNLGDWGDKS TED--TRPSDWMMS HLRAF YEF
LLPDFVVKSGSNYQPAEGGFL-EGANDGKYYY
LLPDFVVMSGGNYQPAAAEFL-EGANDGEKYYY
LLPDFVVLSGSTYKPASADFL-EGANDGSYDY
LI SDFVVKNPP--QPAPKDFLDESKYTDSYYY
TFI KSATSSNPANI KAGYNLNGTALVTYNSGA
TFIKSATSSNPANVKAGYNLNGTALVTYNSGA
SWI SAKVSGNPSNVEKDGYKLNGTVTGSGGSGA
TWI KSKTKGNPSKI VDGYKLDGTNI GDYPTAV
SAEGYYEESI KLFSMI VMSGNWWTY
SAEGYYEESI KLFSMI VMSGNWWTY
SNEGYYEDSI KLFSMI VMSGNWWTY
KKESYFSDSYNLLTMLFLTGNWWKPI PDEKEKI

Fig. 3. Alignment of amino acid sequences belonging to several B-glucanases, using the BLASTX program. The introduction of gaps is indicated
by dashes. Shadow boxes indicate identical amino acids residues. Abbreviations: bg/BC2, cellulolytic xylanase gene from B. circulans
ATCC21367; Egl-257, endo-B-1,4-glucanase gene from B. circulans KSM-N257; BGC, endo-B-1,3-1,4-glucanase gene from B. circulans WL-12;
Egl-330, endo-B-1,4-glucanase (cellulase) gene from Bacillus sp. KSM-330.
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ABSTRACT : Nucleotide Sequence of Cellulolytic Xylanase Gene (bgIBC2) from Bacillus circulans
Ji-Yeon Kim (College of General Education, Inje University, Gimhae 621-749, Korea)

The nucleotide sequence of the cloned cellulolytic xylanase gene (bgIBC?2) from B. circulans ATCC21367 was
determined. bg/BC?2 consists of an 1,224 bp open reading frame (ORF) coding for a polypeptide of 407 amino
acids with a deduced molecular weight of 45 kDa. The Shine-Dalgarno (SD) sequence (5'-AAAGGAG-3') was
found 9 bp upstream of the initiation codon, ATG. A promoter region corresponding closely to the B. subtilis
consensus sequence (-35: TTGACA, -10: TATAAT) was detected, the putative -35 and -10 sequences of which
were TTTACA and TATACT, respectively. The deduced amino acid sequence of the cellulolytic xylanase
showed 97% homology with that of the alkaline endo-B-1,4-glucanase from B. circulans KSM-N257, 75%
homology with that of the endo-f3-1,3-1,4-glucanase from B. circulans WL-12, and 45% homology with that of
the endo-f-1,4-glucanase (cellulase) from Bacillus sp. KSM-330. The bgIBC2 sequence was deposited in Gen-
Bank under the accession number AY269256.



