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ujgelo] 197k H=% AEINATE HE F 40C Il

1% CdluloseZ} 71l LB AAufx]oll A, B. licheniformis B1
S 1677 B9k vl & ARSI Aeds AT s
HS 3000 Dae] membrane filterdll ¥ JAE 23] 3,000
Da ©]/g2] @S AU Filtero] £ A= @ &dS pH
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Congored test

0.3% (w/v) Carboxymethyl cedlulose (CMC, Sigma, USA)E
we LB 3dulA|o B. licheniformis B1S =23} 37°Col| 4]
14X7E 52t B st vl E Bl =)o) 0.1% (wiv) Congo
red 84S A2Jgk & 307 WABIAT 1 M NaCl 8402
Congo red -85 AH3gH F 248 S43A
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7183} ¥kg-A]1717] 913l SDS-denaturing polyacrylamide gelol]
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FANS 7953 3 01 M phosphate buffer (pH 7)= A1
3 3 25% (viv) Triton X-1000] 30%-7F ALo £t &Y
HFEA A A°ColA AT B EA-71E WS ZIPAIA
t}. o]ojA] 0.1% Congo red A o2 1587F JAslal 1 M
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0.1 M TrisCle] pHE HClo]u} NaOH=E Zddte] thakst W
$12] pH buffer® A Z3IA. 28499 05 miet 1% CMCS
0] 714 05 mE E3t] 40°C, 2+ pHollA] 1A]7F WES- A
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BEE S35t
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TLC &Y

Za429% 05 mot 1% CMCE =21 7|14 05 miE &35t
40°Coll A 24113 &t ¥HEAIZ1 % Silica gel 60 TLC plate
(Merck, Germany)oll spotd}ith. ©] ul isoamylacohol:ethaniol:
ammoniawaters 50:60:1:300.2 E&sle] N8z A8k
o}, AE & F7] FollA AFRAIF)AL, 4-methoxybenzal dehyde:
H,SO,:glacid acetateethanolS 5:5:1:900.2 E3HE &8 A}
gk % 120°Coll A 10%-7F A A

B-1,4-Glucanase +®Xt2| cloning

B. licheniformis®] chromosoma DNAS &3] - FA| sttt
PCRS 93} primer2 forward primers 5-ATGAAACGGTCAA
TCTCTAT-3, reverse primer2% 5-CTAATTTGGITCTGITCC
CCA-3E A3t} PCRS 1 cyded 95°CollA] 1 &, 55°Co|
A 1R, 72°ColA 1R 3029 7o F 30 cydeS 3 ATH
o] PCR 2H=& pGEM-T-EASY vector (Promega, USA)oll A2
e

Glucanase O}0| =2t B Q| C}E H[

Bacillus licheniformis B12] B-1,4-glucanase®] o}w|:=4k wj &S
Bacillus licheniformis srain K11 (cdlulase) (GenBank EF070195),
Bacillus amyloliquefaciens strain UMAS 1002 endoglucanase A
(engA) (GenBank AF363635), Bacillus subtilis DLG endo-$3-1,4-
(GenBank  M16185)9}  H] 18} T(hitp//:bicinfo.
genopole-toulouse.prd.fr/multain/®] multiple sequence alignment
with hierarchical dlusteringS- ©]-8-8}o] E-21513]t}).
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Fig. 1. Effect of pH on the enzyme activity. The enzyme activities

were determined at various pHs using DNS. Relative enzyme activity
isshown.
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Fig. 2. Effect of temperature on the enzyme activity. The enzyme
activities were determined at various temperatures using DNS
method. Relative enzyme activity is shown.
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Fig. 3. TLC andysis of CMC degraded by the enzyme solution.
Carboxymethyl cellulose (CMC) was not treated with the enzyme
solution (lane 1). The enzyme solution was added into 0.1% CMC
solution (lane 2, 3). Glucoseis shown asthe arrow.

T AT (Fig. 4). ol= @52 Bl arrt vl 6XTH f=

E Aoz Algdth 540 §5HE Ao Hol ulF 2|
A= &ae] 7|do] g EAske Ao® FPHT £
ol WS F712 EIANAN LE A7IY, OiF BEe] A9
o} g4-9] o] 4L F7I8ItHFig. 4). Rl g9 7]
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Fig. 4. Enzyme activity in Chungkookjang. The glucanase activities
in Chungkookjang ( Il ) and Chungkookjang containing barley ( [])
were determined using DNS method. Relative enzyme activity is
shown.

15). B2 Wul-f2l B-glucane glucoses 71EE9E FAHEH
B-1,3-1,4 Ago 2 o]F0)Z homopolymero]tH(4, 7).

B-Glucanasedll = B-1,3, B-1,4, B-1,3-1,4-glucanase 5 37HAl &
F7F ATH?). ©] %, B-1,3-14-glucanases K21} lichenan®] P-
1,390 IFT B-14 AFS st Aezith(z, 11). & A7l
A ARERE A= dEm dFlA R oldt maaEe] EXfEe
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Fig. 5. Comparison of amino acid sequences of §-1,4-endoglucanases. B1; B. licheniformis B1, dig; B. subtilis DLG, K11; B. licheniformis K11,
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J I
HHRRRKRSDHKRSISIFITCLLITYLTHSGLPASPASARGTKTPYAKNGALSIKGTALYNRDGKATOLKGISSHGLAHYGDFYNKDSLKHLRDDHGITYFRAAHY TADGGYIDHPSYKHKYKEAYETAKE
HHRRRKRSDHKRSISIFITCLLIAYLTHGGLLPSPASARGTKTPYAKNGOLSIKGTALYNRDGKAYOLKGISSHGLAHYGDFYNKDSLKHLRDDHGITYFRARHY TADGGYIDNPSYKHKYKEARYERAKE
HKRSISYFITCLLIAYLTHGGLLPSPASARGTKTPYAKNGOLSIKGTALYNRDGKAYOLKGISSHGLAHYGDFYNKDSLKHLRDDHGITYFRAANYTADGGYIDNPSYKHKYKEARYERAKE
HKRSISIFITCLLIAVLTHGGLLPSPASARGTKTPYAKNGALSIKDTALYNRDGKAYALKGISSHGLOHYGDFYHKDSLKHLRDDHGITYFRARHYTADGGYIDNPSYKNKYKEAYEARKE
eeseeeeeHKRSIS!FITCLLIAYLTHgGL1pSPASARGTKTPYAKNGALSIKgTALYNRDGKA ! QLKGISSHGLAHYGDFYHKDSLKHLRDDHGITYFRARHYTADGGYIDNPSYKNKYKEAYEAAKE
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I I
LGIYYIIDHHILNDGNPHONKEKAKEFFKEHSSLYGNTPNYIYEIANEPNGDYNHKRDIKPYAEEVISYIRKHDPDHPIIYGTGTHSADYNDARDDALKDANYHYALHF YAGTHGOSLRDKANYALSKGA
LGIYYIIDHHILNDGNPHONKEKAKEFFKEHSSLYGNTPNYIYEIANEPNGDYNHKRDIKPYAEEVISYIRKHDPDHIIIVGTGTHSADYNDARDDALKDANYHYALHF YAGTHGOSLRDKANYALSKGA
LGIYYIIDHHILHNDGHPHONKEKAKEFFKEHSSLYGNTPHYIYEIANEPNGDYNHKRDIKPYAEEYISYIRKHDPDHIIIVGTGTHSADYNDARDDAIKDANYHYALHF YAGTHGOFLRDKANYALSKGA
LGIYVIIDHHILNDGHPHONKEKAKEFFKEHSSLYGHTPHYIYEIANEPHGDYNHKRDIKPYAEEYISYIRKHDPDNITIIVGTGTHSQDYNDARDDOLKDANYHYALHF YAGTHGASLRDKANYALSKGA
LGIYVIIDHHILNDGNPHONKEKAKEFFKEHSSLYGNTPNYIYEIANEPHGDYNHKRDIKPYAEEVISYIRKHDPDNAIIVGTGTHSQDVNDARDDALKDANYHYALHF YAGTHGASLRDKANYALSKGA

261 270 280 290 300 310 320 330 340 350 360 370 380 390
I I
PIFYTEHGTSDASGHGGYFLDASREHLHYLDSKKISHYNHNLSDKAESSSALKPGASKTGGHPLSDLTASGTFYRENIRGNKDSTKDGPETPAODHPTAEKGYSYAYKAGDGSYNSHOIRPALHIKHHGH
PIFYTEHGTSDASGNGGYFLDASREHLHYLDSKNISHYNHNLSDKAESSSALKPGASKTGGHPLTDLTASGTFYRENIRGTKDSTKDYPETPAADHPTAEKGYSYQYKAGDGRYNSHOIRPQLHIKHHGH
PIFYTEHGTSDASGHNGGYFLGASREHLHYLDSKKISHYNHNLSDKQESSSALKPGASKTGGHPLTDLTASGTFYRENIRGTKDSTKDGPETPAGDHPAQEKGYFYQYKAGDGRYNSHOIRPQLHIKHHGH
PIFVTEHGTSDASGNGGYFLDOSREHLHYLDSKNISHYNHNLSDKQESSSALKPGASKTGGHPLTDLTASGTFARENIRGTKGSTKDGPETPAADNPTAEKGYSYAYKAGYGRYNSHOIRPOLHHKHHGH
PIFYTEHGTSDASGNGGYFLOSREHLHYLDSKnISHYNHNLSDKQESSSALKPGASKTGGHPLEDLTASGTFVRENIRGLKASTKDgPETPAADNPELAEKGYsYAYKAGAGrYNSHOIRPOLHiKHNGH

391 400 410 420 430 440 450 460 470 480 430 500 508
1 1
TTYDLKDY TARYHYNAKHKGONFDCDYAOTGCGHL THKFYTLHKPKQGADTYLEL GFKKGTLSTGASTGNIOLRLHNDDHSHYARSGDYSFSHOTRLKARKKSHIH

ATYDLKDY TARYHYNYKHKGONFDCDYAOHGCGHL THKFYTLHKPKQGADTYLELGFKTGTL SPGASTGHIOLRLHNDDMSNYAQSGDYSFFOSNTFKTTKKITL YHOGKLIHGTEPN
ATYDLKDY TARYHYNAKHKGONFDCDYAOHGCGHL THRFYTLHKPKKGADTYLELGFKTGTL SPGASTGNIOLRLHNDDMSNYAQSGHYSFFOSNTFKTTKKITL YHOGKLIHGTEPN
TKYDLKGY TARYHYNTKHKGONFDCDYTOIGCGHL THKFYTLHKPKQDADTYLELGFKTGTLSPGASTGNIOLRLPHHTGATMHKAT LIPFSHOIHLKQREKSHYISQGKLIMGTEPN
tLYDLKdYTARYHYN, KHKGONFDCDYa0iGCGHL THKFYTLHKPKqgADTYLELGFKEGTLSpGASTGNIOLRLhnddws . yaqsg . ysFs#qi.1KqrkKsh, , .qgkliugtepn

eng; B. amylaliquefaciens UMAS 1002.

VA7) dsAdo] mie =L oS 9] B-14-glucanase A%}
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<2, B. licheniformis drain K11 (cdlulass), B. amyloliquefaciens
srain UMAS1002 endoglucanase A (engA), B. subtilis DLG
endo-B-1,4-glucanase (14)9} ¥lwalgeh el dS Fgsl= 39
10~460H A olr|i=Ait F9H F, M9 glucanases 327 H| A
polymorphisms 2. Tth(Fig. 5). B. licheniformis B13} B. subtilis
DLGS} RS wle 919 99 F, 167U Aol& Btk
(Fig. 5). &3+ B. licheniformis B13} B. licheniformis K113} H]
S e e FGYdA, 20784 polymorphisme] z}o]S
B AHFig. 5). Consensus sequencest HInyS w, B.
licheniformis B1 glucanse= 127 El|A LX|I5HA] gskon} Y =]
REO AR Ax)THFig. 5). Bacillus sp. strain KSM-N252
9] endo-B-1,4-glucanase (EgL)e} ofu|=2toll A AHEAd-S nlugh
A3, B 759 glucanases Eglsae Ad o2 FHE 949
HATHB, 5) (= HIAA). o]v] %) DLGS} HlaslA 53l
2 Ayl14), ¥ endoglucanase®] signa sequencet= 10~38°]H
Ala®-Ser-Ala®e] Ala®9] F]ollA] Aeto] dojukal mature T4
olm) =T he Alg®-Gly-Thr-Lys Thr-Pro-Val-AlaLys’S Z 33
Aoz Algdth B 849 dgnd sequences o) o=
LysArgd 22 d7|A olvi=4ke] HHE 1 HE hydrophobic
regiono] Wl 5 A& 2 siganl sequence®] S-S HolF
1 9JtkFig. 5). B. subtilis DLGS] EA3H0] tisirs 7hekst
Bk 2louk(14), YA glucanase®] AEHA 1 540l tigh B
= A gle dEloltt. 53] o] Il B-L4-glucanases] 34
pH7} G710l BHuE olg7kA] {iith & B. licheniformis
B-L4-glucanase 27} E2{H o] 7] wiEol], ol& nige
2 E 84 §Ax e 28717 840 i, 28784,
Asletz 54 474 59 Aol Bt gold ot

HAle| &
& A7 20079 SAISh Sl TAEe] Al <
o TR AL
sHoEH
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ABSTRACT : Characterization of B-1,4-Glucanase Activity of BacilluslicheniformisB1in Chungkookjang
Jae Sung Hwang, Hyung Jae Yoo, Sung Jo Kim, and Han Bok Kim* (Department of Bio-

technology, The Research Ingtitute for Basic Scinences, Hoseo University, Ansan 336-795,
Republic of Korea)

Fermented soybeans contain microorganisms, diverse enzymes, and bioactive compounds. Few studies on cel-
lulase in Chungkookjang exigt. Oligosaccharides play diverse roles of bioactivity. Through Congo red test and
activity staining, it was confirmed that the enzyme solution contained cellulase. Optimal pH and temperature of
the cellulase produced by Bacillus licheniformis B1 were 10 and 40°C, respectively. Through TLC analysis, it
was demongtrated that the enzyme solution degraded carboxymethy! cellulose (CMC), whose main products
contained dimer and trimer oligosaccharides. Cellulase activity of barley-Chungkookjnag fermented by the
strain increased, compared with that of Chungkookjang. The cellulase was found to be a B-1,4-glucanase

through the analysis of the cloned gene, showing polymorphism at 32 amino acid sites in the coding range of
amino acid 10 and 460.



