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A Bacillus sp. strain producing celluase and xylanase was isolated from environmental soil with LB
agar plate containing carboxymethylcellulose (CM-cellulose) and beechwood xylan stained with trypan
blue as substrates, respectively. Based on the 165 rRNA gene sequence and API 50 CHL test, the
strain was identified as B subtilis and named B subtilis NC1. The cellulase and xylanase from B sub-
tifis NC1 exhibited the highest activities for CM-cellulose and beechwood xylan as substrate, re-
spectively, and both enzymes showed the maximum activity at pH 5.0 and 50°C. We cloned and se-
quenced the genes for cellulase and xylanase from genomic DNA of the B subtilis NC1 by the
shot-gun cloning method. The cloned cellulase and xylanase genes consisted of a 1,500 bp open read-
ing frame (ORF) encoding a 499 amino acid protein with a calculated molecular mass of 55,251 Da
and a 1,269 bp ORF encoding a 422 amino acid protein with a calculated molecular mass of 47,423
Da, respectively. The deduced amino acid sequences from the genes of cellulase and xylanase showed

high identity with glycosyl hydrolases family (GH) 5
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Cellulase & xylanase At #3F2o| Ci2|
st B AEE CM-cellulose$} Beechwood xylang
7142 o] &34 trypan blues #7}ste] Al Z=¢k Agar-LBHY
Ao =23 A% cellulase %U‘* 07 9 OH CM cellulosee B

CM—ceHuloseQ} Beechwood xylan—e— L19r1* A Hf A A
Fe AR A FE AN BT A4es 5= 5 dF
£ ¥ 3}le] 165 rRNA-# A}(Gene Bank Accession number,
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Ae ‘/}E]r"ﬂoqﬂ"ﬂ 5% #FE BT TYT o FE A
3t 5 F9] #F T 1 F7FE Addsto], API 50 kitE °]&

sto] Ao %O]L} T FreA o] 84E Lot A,
API 50 kit | 2AM] Ao whe} 6 #59] Js}sta 54
W3t Bacillus subtilisE TARE B IH dFE Bacillus sub-
tilis NC12 7838} th(Table 1). £ A= cellulase E=
xylanasest 2-& G4 Rl a4 s Aehe #FE ¥4 AR
2HRE &olstA @Elstr] 9ste] plate AellA trypan blues
o]&-3}4] polysaccharide® #3llste B4 E Aibste WA E
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w2 A=A o A 7FsFATH11]. Tryapn blueZl 7FA 3L e

AT o ZHE 7]Z (cellulose, xylan)S G4 8l= &7}
o] FAE3) A 2 (cellulase, xylanase)ell 9]3l 718 o] £3]2
w 71d-& @48t AW trypan blueZ}t &3l 28 W 7]
A F9X AAG ez O A FF FH o W3 24
S Aok As EEFeEA agar wjA] BolA &5 wj
B FAO B Bl ane] Ak dFAA obdAE &olst
A9 & 5 ATt 71 FA Eal El(cellulase, xyla-
nase)E AAtete EF9] HEC diHow Z{Ho] &
Congo red Alefe #o] FAZ|ar A FF5 & Y
B EA F9 & gieH g 2FE R Bad
T S wFd™ A4 v o Congo red AloHE A 23}
2L FA e ddFeEM dF9 a4 A FRE
gl & 4 YAtk A £ AFoA trypan blueg ©]-&-3}
of FAENEL Y FF9 screening S 38 3 A7 A
ol 848 Aiete &5 Fod B 8-S Flgte
22X o7 g sA SolstA BAEHELE Hitete
3o Adwel sbsstdvldl dARHEL AgEF
screening IS AJ7HAH 02 ©EA7| L I 3 £ hek
st & 4 A0 o8 F A= v T polymer?| 3

o #ofste BAE AAtste TF9 screening®l trypan blue
Ag = )

7 EGA A8 9 5 98e AAET.

Table 1. Biochemical analysis of B subtilis NC1 with API 50
kit

B. subtilis  Bacillus

Specific NC001 subtilis

Shape / Gram stain +/ R +/R
Spores

Motility

Growth in air
Growth anaerobically
Catalase

Oxidase
Glucose(acid)

O/F / -

Spore shape

Spore position

Growth at 45°C

Growth at 65°C

Growth at pH5.7

Growth in 7% Nacl

Utilization of citrate

Anaerobic growth in glucose broth

+COCX|Tga + 9 + O +

+ + +

Carbohydrate, acid from : Glucose
-Arabinose
Mannitol
Xylose

+ |+ + + + |

VP (Voges-Proskauer) test
Starch hydirlysis

Nitrate reduction

Indole

Gelatin hydrolysis

Casein hydrolysis

Urease

LV

Lysozyme sensitivity

Qo+ + 0+

P e O ] i
i

d

# D: Different reaction in different species of the genus.
d: Different reactions in different strains.

O: oxidation. F: fermentation. w: weak reaction.

U: central spore. X: spore oval. r: resistant. s: sensitive
R: rod-shaped (bacillus)
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Fig. 1. Effects of pH (A) and temperature (B) on the cellulase
and xylanase activities from B. subtilis NC1. (A) The re-
actions were performed in 50 mM citrate buffer (@, pH
3.0-6.0) or 50 mM Phospahte buffer (O, pH 6.0-8.0) or
50 mM Tris buffer (l, pH 8.0-9.0) containing 1% sub-
strate and 0.5 U/ml of enzyme at 50°C for 10 min. (B)
The reactions were performed in 50 mM acetate buffer
(pH 5.0) containing 1% substrate and 0.5 U/ml of en-
zyme at 50°C for 10 min. The open symbols and closed
symbols exhibit effect of pH and temperature on xyanase
and cellulase activities, respectively. Data represent the
means of three experiments and error bars represent
standard deviation.

Aol A3 A
el EJ—-H R
lase (EC 32.14)9] H¥HA 7
CM-cellulosed] 7H¢ #2 ax 48 Yehylen
Exo-type cellulase (EC 3.2191)¢] 7|42 F& o] &5 1 gl=
Aviceld| A= &0l ZHH A Foket. ol AFHE R

@%T. B subtilis NC1
cellulasee] o3t €442 Endo-type cellu-
AR FE oJFHAAE
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Table 2. Substrate specificity of enzyme solution from B subtilis

NC1
Substrate Specific activity (U/ml)
CMC 0.5+0.005
Beechwood xylan 0.38+0.003
Birchwood xylan 0.35£0.003

Avicel N.D'
*N.D.: not detected
Data represent the means of three experiments with standard
deviation.

H 2 75 9 cellulase= endo-type cellulase (EC 3.2.14)
ol % 0}71] AAFE AT 18] 3L, xylanase©]l theF E4E en-
do-type xylanase®] Z¥ZA<31 7]d<l Beechwood xylan¥}
Birchwood xylan®l| tste] & 248 Yehlils 540z
B 2 #5 f29 xylanase= endo-type xylanase (EC 3.2.1.8)
dol ZspAl A=A,

4 FAXEQ cloning 2 sequencing
B. subtilis NC1 %) cellulase$} xylanase 245 gHE 3}
7] 1ste] FF9 A4 DNAS AIFE L SaBAIS o8-8}
of B8 AS A7l $ 3)4% DNATH S pHSG298¢] liga-
tionate] A|Zg Td WEZ E o DH5eE 32X AT
4 A8AE 1% CM-cellulose®} Beechwood xylang 27}
7|42 0] 43} trypan blueE #7}3le] A|2E Agar-LB Hj
of =% ¢ A¥} &4 ARV} cloning H HEWEZ A
o o dAAEA 9 Foo B SAgo] YAH= AL
g-213} A th(Fig. 2). £ coli DH5aol &= T4l oA &d =
25 A FE ZH & F e Axdo] A EAEHA
7] W&ol E coli DH5a0l ¢J3] A AX=F G40} E
coli DH5a0] &3] ®H = lth7] Bth= E coi DH5a Y%7}
W FEol Ara 7]l HojsdA EA7E 3= o} A Wl
TAHAY A2 847t o oA INHe &
Aeo R AetElol At Hag &43S RYd FEHEA
ZHH plasmid% FZ35t plasmido] cloning® o1&

N

5«2 ot
O

DNA €7] €& 48 27 cellulased} xylanaseZ F4 5
T BA Az v o] Zhz SelE it 1A, cellulasedt] o
& A= 49970 obv|ieikS A E= 1,500 bpel open

Reding Frame (ORF)2.2 T4 %0} 1101, ofr|=’} uj
d2HE FAHHE §4 BAFL 55251 Dao| Atk 12]aL

ofr|:=4t W E S o] &t B FEAE HES A %
Aol A DIzl cellulase?] oFr|=4t Bl E2 glycosyl hydro-
lase family (GH) 501 &3h= &4 vf$ £& 4548 YEl
e AogHE B FHAAZEY B E <+ cellulases GH5
o &3t GAYo] ZstAl AAFE ATH8,21,28]. & ATl A
THE cellulase 32 MjE & F22} freff opw]eit v ES
GenBank©ll accession number AB6952932. 2 523} oM,
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(A) (B)

Fig. 2. Analysis of recombinant cellulase (A) and xylanase (B) activities on the Agar-LB plate containing trypan blue and CM-cellulose
(A) and Beechwood xylan (B), respectively, as substrate. The clear zones around colonies were confirmed by recombinant
enzyme expressed in £ colf DH5a harboring enzyme gene from B subtilis NC1.

PC CE1 HERSISIFITCLLITLLTHGGHMLASPASAAGTHKTPUAKMGOLSITKGTQLUNRDGEAVOLEGISSHGLOWYGEYUNKDSLKWLRDDYWGITY 928
GB CE1 HERSISIFITCLLITLLTHGGHIASPASAAGTKTPUAKNGOLSIKGTQLUNRDGEAVOLKGISSHGLOQWYGEYUNKDSLEWLRDDYWGITY 928
BS CE1 HERSISIFITCLLITLLTHGGIMASPASAAGTETPUAKNGOLSIKGTQLUNRDGKAVOLEGISSHGLOWYGEYUNKDSLKWLRDDYWGITY 98
BS HNC1 HERSISIFITCLLITLLTHGGHIASPASAAGTETPUAKNGOLSIKGTQLUNRDGEKAVOLKGISSHGLOWYGEYUNKDILKWLRDDYWGITY 928

PC CE1 FRAAMYTADGGY IDNPSUKNKUKEAVEAAKELGIYUIIDWHILHDGHPHONKEKAKEFFKEMSSLYGHTPHUIYEIANEPNGDUNWERDI 188
GB CE1 FRAAHYTADGGY IDHPSUKNKUKEAVEAAKELGIYUIIDWHILHDGHPHOHKEKAKEFFKEMSSLYGHTPHUIYETANEPHGDUNYKRDT 188
BS CEl FRAAMYTADGGY IDHPSUKHKUKEAVEAAKELGIYVIIDWHILHDGHPHONKEKAKEFFKEMSSLYGHTPHUIYEIANEPNGDUNWKRDL 188
BS HNC1 FRAAMYTADGGY IDNPSUKNKUKEAVEAAKELGIYUIIDWHILHDGHPHONKEKAKEFFKEMSSLYGHTPHUIYEIANEPNGDUNWERDI 188

PC CE1 KPYAEEUISUIRKHDPDHITIUGTGTYSQDUNDAADDQLEDANUMYALHFYAGTHGOFLRDKANYALSKGAPIFUTEWGTSDASGHNGGUF 278
GB CE1 KPYAEEUISUIRKHDPDHITIUGTGTUSQDUHDAADDQLEDANUMYALHFYAGTHGOFLRDKANYALSKGAPIFUTEWGTSDASGHGGUF 278
BS CE1 KPYAEEVISUIRKMDPDHITIUGTGTUYSQDUNDAADDQLEDANUMYALHFYAGTHGOFLRDKANYALSKGAPIFUTEWGTSDASGHNGGUF 278
B3 HNC1 KPYAEEUISUIRKHDPDHITIUGTGTYSQDUNDAADDQLEDANUMYALHFYAGTHGOFLRDKANYALSKGAPIFUTEWGTSDASGHNGGUF 278

PC CE1 LDQSREWLEYLDSETISWUNWNLSDKQESSSALKPGASKTGGW]LSDLSASGTFURENILGTEDSTED IPETPAKDKPTRENGISUNYRA 368
GB CE1 LDQSREYLKEYLDSETISWUNWNLSDEQESSSALKPGASKTGGYRLSDLSASGTFUYRENILGTEDSTED IPETPSKDEPTOENGISUNYRA 368
BS CE1 LDQSREYLKYLDSETISWUNWNLSDEQESSSALKPGASKTGGYRLSDLSASGTFUYRENILGTKDSTED IPETPAKDEPTQENGISUNYRA 368
BS HNG1 LDQSREWLEYLDSETISWUNWNLSDKQESSSALKPGASKTGGWRLSDLSASGTFURENILGTEDATED IRETPAKDKPTOENGISUNYRA 368

H THEER ERETHNERN I HEXENEXNEN

PC CE1 GDGSHNSHOIRPOLOIKNMGHTTUDLEDUTARYUYKAKNEGONUDCDYAQIGCGHUTYKFUTLHKPKQGADTYLELGFENGTLAPGASTG 458
GB CE1 GDGSHHSHOIRPOQLOIKNHGHTTUDLEDUTARYUYKAKNEGONFDCDYAQIGCGHUTHEFUTLHKPKQGADTYLELGFENGTLAPGASTG 458
BS CE1 GDGSHHNSHOQIRPOQLOIKHHGHTTUDLKDUTARYUWYKAKNEGOHUDCDYAQIGCGHUTHEFUTLHKPKQGADTYLELGFKNGTLAPGASTG 458
BS HNC1 GDGSHNSHOIRPOLOIKNMGHTTUDLEDUTARYUYKAKNEGONUDCDYAQIGCGHUTHEFUTLHKPKQGADTYLELGFENGTLGPGASTG 458

PC CE1 HIQLRLHNDDWSHYAQSGDYSFFESNTFETTEKITLYD-------———- 438
GB CE1 HIQLRLHHDDWSHYAQSGDYSFFESHTFETTEKITLYDQRELIWGAEPH 499
BS CEl NIQLRLHNDDWSHYAQSGDYSFFKSNTFKTTEKITLYDQGKLIWGTEPH 499
BS HNC1 HIQLRLHNDDWSHYAQSGDYSFFESNTFETTEKITLYDOGKLIWGTEPH 499

Fig. 3. Alignment of amino acid sequences of GH5 cellulases. PC CEl, cellulase from Paenibacillus campinasensis (ADI39639); GB
CEl, cellulase from Geobacillus stearothermophilus (AD021451); BS CEl, cellulase from B. subtilis (AE000512), and BS NCI,
cellulase from B subtilis NC1 (AB695293). The amino acids highly conserved among GHS5 cellulase are showed with asterisk.

£ Aol o3l D) ¥ cellulase?t E2 F54S Bl GH59 nase fAAZHEH FojA oprieit Mg o] gt FHT
&3t cellulase®] obr|=4k v G ol gk alignmentE Fig. 3 T BAFEL oF 47,423 Dacl Y th. Xylanase oFv] =4t vl &

2

| YeEbdl At 18] 31, xylanase®] 7ol € 422 ofv] =4k < o] &sto] FEAE AET 2 & dTAA EolR xyla-
174 3k= 1,269 bpe] ORFE FAH A= FHAZA, xyla- nase?] o}v|=Ak Hld-& GH300 &3l 450 ¥& 4%

N
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BAM Xyl MMSGUKKP ICLLLACF THLSULLHGPGAAREVLAASDUTUNVSAEKQUIRGFGGHNHPAWVGDLTAAQRETAFGNGONQLGFSILRIHUDE 90
BAT Xyl MHSCUKKP ICLLLUCF THLSUHLAGPGATEVLAASDUTUNLSAEKQUIRGFGGHNHPAWIGDLTAAQRETAFGNGQNQLGFSILRIHIDE 90
BST Xyl MIPRIKKTICULLUCFTHLSUHLG-PGATEVLAARSDUTUNVSAEKQUIRGFGGHNHPAWAGDLTAAQRETAFGHNGONQLGFSILRIHUDE 89
BSH Xyl MIPRIKKTICULLUCFTHLSVHLG- PGRTEULHHSDUTUHUSHEHQUIRGFGGMHHPHWHGDLTHRQRETHFGHEQHQLGFSILRIHUDE 89
D, O IHEE_EX_IKN _NAXXNXXN. X XD - oEX
BAM Xyl HRHHWYKEUVETAKSATKHGAIUFASPWHPPHDHUETFHHNGDTSAKRLRYDKYAAYAQHLNDFUTFHKNNGUNLYATSHQHNEPDYAHEWT 188
BAT Xyl HRHHWYREVETAKSATKHGAIUFASPWHPP SHMUETFHHNGDASAKRLRYDKYAAYAQHLNDFUTYHKNNGUNLYATSUQHEPDYAHEWT 188
BST Xyl NRNHWYKEUETAKSAVKHGAIVFASPFWHPFSDMUETFHNRNGDTSAKRLKYNKYAAYAQHLNDFUTFHENNGUNLYATISUQNEPDYAHEWT 179
BEN Xyl NRNNWVKEUETRKSHUKHGHIUFHSPWNPPSDMUETFNRNGDTSRKRLK?DKVHRVRQHLNDFUTFMKNNGUNL?HISUQNEPD?RHEWT 179
. . - SEMHIED —¥z - .
BAM Xyl WUTPQEILRFHRENASSINARVIAPESFQYLKNISDPILNDPQALRHHD ILGTHLYGTQUSQFPYPLFKQKGAGKDLWHTEUYYPNSDNN 270
BAT Xyl WUTPQEILRFHRENAGS INARVIAPESFQYLKNISDPILNDPQALRHHD ILGTHLYGTQUSQFPYPLFKQKGAGKELWHTEUYYPNSDHNN 278
BST Xyl WUTPQEILRFHRENAGS INARVIAPESFQYLKHLSDPILHDPQALANMD ILGTHLYGTQUSQFPYPLFKQKGAGKDLUWHTEUYYPHSDTH 269
BSH Xyl WUTPQEILRFHRENAGS INARVIAPESFQYLKHLSDPILHDPQALANMD ILGTHLYGTQUSQFPYPLFKQKGAGKDLWHTEUYYPHSDHN 269
- H - - %
BAM Xyl SADRWPEALDUSQHIHNSHTEGDFQAYUWWY IRRSYGPHKEDGT ISKRGYNHAHF SKFURPGYURIDATKNPHPHUYUSAYKGDHKUUIU 368
BAT Xyl SADRWPEALGUSEHIHHSHUEGDFQTYVWWY IRRSYGPHMKEDGK I SKRGYNHAHF SKFURPGY IRUDATKNPHANUYUSAYKGDHNKUUIU 360
BST Xyl SADRWPEALDUSQHIHNAWVEGDFQAYVWYWY IRRSYGPHKEDGT ISKRGYNHAHF SKFURPGYURIDATKNPHNANUYUSAYKGDNKUUIU 359
BSN Xyl SRDRWPERLDUSQHIHHHMUEGDFQH?UNW?IRRS?GPMKEDGTISHRG?NMRHFSHFURPG?URIDHTHNPNHNU?USH?HGDNKUUIU 359
EIIEIIEIIEIINE IR JIHEIR] DX H - = 2= -

BAM Xyl AINKTHTGUNQNFULONGSASQUSRWUTSISSHLOQPGTDLHVTDHHFUWAHLPAQSUTTFVVKR 423

BAT Xyl AITNKSHTGUNQNFULONGSASQUSRWITSGSSHLOPGTHLHUVTDHNHFUWAHLPAQSUTTFUVVKR 423

BST Xyl AINKSHTGUHQHFULQNGSASHUSRWITSSSSHLOPGTHLTUSGHHFWAHLPAQSUTTFUUNR 422

BSH Xyl AINKSHTGUHQHFULQNGSASHUSRWITSSSSHLOPGTHLTUSGHHFWAHLPAQSUTTFUUNR 422
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Fig. 4. Alignment of amino acid sequences of GH30 xylanases. BAM Xyl, xylanase from B. amyloliquefaciens (YP_003920505); BAT

Xyl, xylanase from B. atrophaeus

(YP_003973306); BST Xyl, xylanase from B subtilis (NP_389697), and BSN Xyl, xylanase

from B. subtilis NC1 (AB695294). The amino acids highly conserved among GH30 xylanases are showed with asterisk.
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