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1% Cellulose’} 718 LB AAMIX|ANA, B. licheniformis Bl
£ 16A3 B R T ARt FedE At 45
A& 3,000 Da2] membrane filteroll @37 YWAE2)3H] 3,000
Dz o9 ©@iAS A Filtero] o] e @¥AE pH
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Congo red test

0.3% (w/v) Carboxymethyl cellulose (CMC, Sigma, USA)YE
Qe LB vl B. licheniformis B1S =238} 37°CollA]
1477 Eot wijkatdet. wioks SshiiA]el) 0.1% (wiv) Congo
red &85 A3 F 3027 RBATE 1 M NaCl §9o2
Congo red &9 AH 3 BAS 43K

&

7183} ¥k8-A17]7] 93} SDS-denaturing polyacrylamide geloll
So7ke S5 A 1% (wiv) CMC 882 AR89k =
BANE HA7)95E F 0.1 M phosphate buffer (pH 7)E 13
8 & 2.5% (viv) Triton X-1000] 3087 A-&d] FUth 5
A58 Aol A 40°CellA] 4A17E B} BA4-71E vR-S FPAIF
th ©]oJA 0.1% Congo red §-Ho 2 1583 G4 1 M
NaCIZ &3] AlXg ¥ &9uis Bt

B-Glucanase®| S A&8Y 4
7lrEslg AR BU9L 3,5-dinitrosalicylic acd (DNS)ll
2% WRel w2} 550 nmoll A FREE SAAT(13).
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849 X pHY Rz HA

0.1 M Tris-Cl®] pHE HCle|u} NaOHZ Z43le] thkst ¥
219] pH buffers AZ3tAch ZE5AY 05 met 1% CMCE
=20 71 0.5 miE E8H 40°C, ZF pHellA] 147 ¥R Al
7l ¥, DNSH& o83ty FF=E 434k pH 102] 0.1
M Tris-Cl9l 1% CMCE 391 712 05mi% 254 05 mie
E3gste 72+ &=elA 127F ¥R 4171 3 DNSHS& o]l
s SH3I

TLC 24

Z82% 05 ms 1% CMCE =<1 714 0.5 mE EF3}
40°Coll A 24A17F F<F ¥EEAIZ F Silica gel 60 TLC plate
(Merck, Germany)®ll spot3}3tt. ©] W isoamylalcohol:ethanlol:
ammonia:waterE 50:60:1:302.2 E§sle] A)8uj2 ARESHS
o AN 3 F7] oA HAFA)F13L, 4-methoxybenzaldehyde:
H,S0,:glacial acetate:ethanols: 5:5:1:90°2 2 E3rd §9& EA}
3 & 120°Coll A 1087 EAAH LY

B-1,4-Glucanase 7 X}2| cloning

B. licheniformis®] chromosomal DNAE ¥g] - FA|5H )
PCRE 3} primer® forward primers 5-ATGAAACGGTCAA
TCTCTAT-3', reverse primer=+ 5-CTAATTTGGITCTGITCC
CCA-3Z ARE-3ITE. PCRE 1 cycled 95°ColA] 1 £, 55°C)
A 18, 72°CA 18 30%9] ZHOE 30 cycleS F8EITH
o] PCR 2HE-S pGEM-T-EASY vector (Promega, USA)°l] ¢392
3kt

Glucanase O}0| ‘=4t B o} C}E H| W

Bacillus licheniformis B12] B-14-glucanase®] o944}t vjag-&
Bacillus licheniformis strain K11 (cellulase) (GenBank EF070195),
Bacillus amyloliquefaciens strain UMAS 1002 endoglucanase A
(engA) (GenBank AF363635), Bacillus subtilis DLG endo-B-1,4-
(GenBank M16185)9} W] 13} %] Uh(http//:bioinfo.
genopole-toulouse.prd.fr/multalin/%] multiple sequence alignment
with hierarchical clusteringS- ]85} 24315 t}).
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df CMC7F E8l=EA Congo red2 FAE ST 55 geliellA
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cellulaseE BHEHE Ao ALZHIU,
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242 Uehion], 1 ool pH INE 49 B4
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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
is shown.

A3 thFig. 1). B2 £4ZE)A Bacillus B-1,4-glucanase”}
Bi=o] vk, 3, 5). £ A7 Fl¥ E4F, pH 109
e daEleiA H3A B4E Bolr] fRd, AAEA AR
FE U& Aotk e AAle FFololA FEHA,
Bacillus T7] 8% o1 5& eidchd, ZAAgo] & 3]
o 54849 FHEEE 40°Ce)eH, 20°Col e HulgA
9] 40%E, 50°CoME HANEAY 68%S Y] o= =
o] JEAS Ro FthFig. 2). 257} 60°C7}F dolrkRt &4
o] 848 F43) "ol A thFig. 2).

TLC 24

FHAN) Q3 CMCY) 7S] 2HE0] glucose oFEfoll B
ol Ao Z Hol FREL 28T olAke] oligosaccharide®
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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 analysis 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). Glucose is shown as the arrow.

& AAThFig. 4). o) FF) B asst vk 6N7RE 45

E o ARdt 827t fEHE 202 Hol uiF A
o= Hae V)do] B EAths JoE FAHET. EF thF
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Fig. 4. Enzyme activity in Chungkookjang. The glucanase activities
in Chungkookjang ( l ) and Chungkookjang containing barley ( [1)
were determined using DNS method. Relative enzyme activity is
shown.

(15). B Wl B-glucan glucoseS 7|1EG 2 FAHH
B-1,3-1,4 A2 ZE 0]F0|Z homopolymere]Th4, 7).

B-Glucanasedll = B-1,3, B-1,4, B-1,3-1,4-glucanase 5 3714 &
F7F ATk ©] F, B-1,3-1,4-glucanase= R} lichenan®] B-
13 QIAHE B-14 A A8t HDeTha, 1. & a7
A AR R EE gFoAE ol EAEe] EXgke
ARE, 8T FraAe 249 a4 84 58 53 g1 2
7}, B-1,3-1,4-glucanase”} oFd B-14-glucanaseZ A= cH(Fig.
5). A= B-1,3 28-S Ad BelE 37} daEAZ 2N,
HY 89E SR 4 e Aot

FHX Y

2299 cellulase A4S NCBI2] BLASTE |43} A
g A, AFE/30) Wi %2 o 3709 B-1,4-glucanase A=}
5 SR18KAY. Bacillus licheniformis Bl glucanase®] THA A
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Fig. 5. Comparison of amino acid sequences of -1,4-endoglucanases. B1; B. licheniformis B1, dlg; B. subtilis DLG, K11; B. licheniformis K11,

U

MNRRRKRSDHKRSISIFITCLLITVL THSGLPASPASARGTKTPYAKNGOLSIKGTHLVNRIGKAI QLKGISSHEL OHYGDFVHKDSLKUL RODUGI TYFRAANYTADGGYIUHPSVKHKVKEAVETAKE

HHRRRKRSDHKRSISIF ITCLLIAYLTHGGLLPSPASARGTKTPVAKNGOL SIKGTOLYKROGKAY OLKGISSHGLOHYGDF VNKDSLKHLROBHGITYFRAANY TAUGGY IDHPSYKNKVKEAVERRKE
HKRSISVFITCLLIAVL THGGLLPSPASAAGTKTPYAKNGOLSIKG TOL VNROGKAVOLKGISSHEL QHYGDF VHKOSLKULRODHGITYFRAAMY TADGGY IDHPSVKNKYKEAVERRKE
HKRSISIFITCLLIAVL THGGLLPSPASARGTKTPVAKHGAL SIKDTALYNRIGKAYALKGYSSHGL ONYGIF VHKDSLKHLRODUGITVFRAANY TABGGY IDHPSVKNKVKEAVERAKE

vesvesee o IKRSISIFITCLL TaVL THgGL LpSPASAAGTKTPYAKHGRL STKg THLVHRBGKA L L KEISSHALQHYGDFYNKDSLKHL RDDRGITVFRAANY TADGGYIDNPSYKHKYKERVEaflKE

131 140 150 160 170 180 130 200 210 220 230 240 250 260
i [
LGIYVIIDHHILNDGNPHONKEKAKEFFKEHSSLYGNTPNYIYEIANEPHGDYHHKROIKPYREEY ISVIRKNDPONPIIVGTGTUSQDYNDRADDOLKDANYHYALHF YAGTHGOSLROKANYAL SKGA
LGIYVITORHIL HDGHPHONKEKAKEFFKEHSSLYGHTPHYTYETANEPHGDYHHKROIKPYREEY ISYIRKHDPDNITIYGTGTHSQDVHDAADDALKDANYHYALHF YAGTHGOSLROKANYALSKGA
LGIYYITDRHIL NDGHPHONKEKAKEFFKENSSLYGHTPHYTYETAREPHGOVHHRKRDIKPYAEEY ISYIRKHDPDRIIIVGTGTHSQBVHDAADBOIKDANYHYALHF YRGTHGOFLROKANYRLSKGA
LGIYVIIDHHILHDGNPHONKEKAKEFFKENSSLYGNTPNYIYEIANEPHGDYNHKROIKPYREEY ISVIRKHDPONIIIVGTGTHSQOVHOAADDOLKDANYMYALHF YAGTHGASLROKANYALSKGA
LGIYYIIDHHILHDGHPRONKEKAKEF FKENSSLYGHTPHYIYETANEPHGDYHRKRDIKPYREEY ISVIRKHOPDHA IIVGTGTHSGDVNOARDOGLKDANYHYALHF YRGTHGNSLRDKANYAL SKGA

261 270 280 290 300 310 320 330 340 350 360 370 380 330
i !
PIFYTEHGTSDASGNGGVFLDQSRENLHYLDSKKISHYNHNLSDKOESSSALKPGASKTGGHPLSELTRSGTF YRENIRGNKDS TKOGPE TPAADNP TQEKGYSYAYKAGDGSVHSHOLIRPAL HIKNNGH
PIFVTEHGTSDASGNGGYFLDOSRENL NYL DSKNISHYNUNL SDKOESSSALKPGASKTGGHPLTLL YASGTFVRENIRGTKDS TKOVPE TPAODHP TQEKGVSYOYKAGDGRVISHOIRPOL HIKNNGH
PIFYTEUGTSOASGNGGVFLGOSREHL HYL DSKKISHVHKHI SDKQESSSAL KPGASKTGGHPLYTLTASGTFVRENIRGTKDSTKOGPE TPRADNPRGEKGVF VAYKAGDGRVHSHOIRPOL HIKNHGH
PIFVTEHGTSOASGNGGVFLDOSRERLHYLDSKNISHYNHNLSDKQESSSALKPGASKTRGHPLTCL TASGTFRRENIRGTKGS TKOGPE TPAODHP TAEKGVSYQYKAGYGRYNSHOTIRPULHMKNNGN
PIFYTEHUGTSDASGNGEYFLAOSRENLHYL DSKnISHYHUNLSOKQESSSALKPGRSKTGGRPLELL TRSGTFVRENIRGELKISTKDgPE TPRODHPLOEKGY sYQYKAGIGr YHSHOIRPOLHIKNNGH

391 400 410 420 430 440 450 460 470 480 490 500 508
i

1

I
TTVBLKDYTARYHYNRKHKGONFDCDYARXGCGHL THKFVTLHKPKQGANTYLEL GFKKGTLSTGH S TGNIQLRLHNDDRSHYAQSGDYSF SHATRLKARKKSHIH
ATYDLKDVTARYHYHYKNKGONFDCOYRQMGCGHL THKFYTLHKPKQGADTYLELGFKTGTLSPGRSTGNIOLRLHNDDHSNYRASGDYSFFQSNTFKTTKKITLYHAGKL INGTEPN
ATVDLKOVTARYMYNAKKKGORFDCDYAQNGCGHL THRFVTLHKPKKGRDTYLELGFKTGTLSPGRASTGNIANL RLHNDDHUSHYRQSGHYSFFOQSNTFKTTKKITLYHAGKLIMGTEPN
TKVDLKGYTARYUYNTKHKGONFOCDYTQIGCGHL THKFVTLHKPKQBABTYLELGFKTGTLSPGF STGHIQLRLPHNTGRINHKATIIPF SHOIHLKOREKSHYISQGKLINGTEPN
ELVDLKAVTARYHYN , KNKGOHF DCDY aQiGCGHL THRFYTLHKPKqgABTYLEL GFKEGTLSpGP STGRIQLRLhnddus . yaqsg. ysFstqi, IKqrkKsh, , .qgkliugtepn

eng; B. amyloliquefaciens UMAS 1002.
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98, B. licheniformis strain K11 (cellulase), B. amyloliquefaciens
strain UMAS1002 endoglucanase A (engA), B. subtilis DLG
endo-B-1,4-glucanase (1)} Bl &t DAL IHsh= IY
10460 A ofn|=4t B9 ZF, 4719 glucanase™ 327 T|A]
polymorphism 2 THFig. 5). B. licheniformis B12} B. subtilis
DLGS HEZPE WE 99 99 &, 167dM ZFolE BYch
(Fig. 5). &3} B. licheniformis B13- B. licheniformis K113} H]
AFPL W 2L FGYA, 207814 polymorphisme] 2}o]E
B AthFig. 5). Consensus sequence®} - H|ZP-E w, B
licheniformis BI glucanse= 12784 YX|3HA] gkgror} Yuix]
HBo AHE ARSI THFig. 5). Bacillus sp. strain KSM-N252
2] endo-B-14-glucanase (Egl)} olv]=AtollA 4Ed-& vlmst
Ay, B 739 glucanase= Eglsis A3 thE TR/Z ¥9
HAT3, 5HAE v, o9 &7 DLGS} Hlasix 534
B A314), 2 endoglucanase?] signal sequences 10~38°|™
Ala®-Ser-Ala®2] Ala®9] F oA Atte] Yo}l mare A
o}u) =D Ala®-Gly-Thr-Lys-Thr-Pro-Val-Ala-Lys7 S X3¢
Aoz Alsd; B 49 signal sequence= oFF|= &
Lys-Arg®} 22 714 opv]z4ke] k2 71 H=2 hydrophobic
region®] Weke e 5 ABAQ siganl sequenced] 53L& RAF
T UchFg. 5). B. subtilis DLGS] BAEA teiMe 1=t
H317} donk(14), WHA] glucanased] AY31A QI EAdol tigh B
3= AF e delolth. 53] o|E 37} B-1,4-glucanase®] #Z
pH7F G740l ¥ a= ol &7HR] QIRITh Y B. licheniformis
B-1,4-glucanase FAA7} F2H 0| 7] W, o|F v
2B 34 fAR $dY 2H7)F, B4 gEAAL 2284,
Aslsta B4 AR 59 Ao Bt go|d Zlo|tth

HArel &

E A3 20073% aAUIstn skedrRAdule] A o
3 A=A
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ABSTRACT : Characterization of 3-1,4-Glucanase Activity of Bacillus licheniformis B1 in Chungkookjang
Jae Sung Hwang, Hyung Jae Yoo, Sung Jo Kim, and Han Bok Kim* (Department of Bio-
technology, The Research Institute 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 exist. 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 demonstrated that the enzyme solution degraded carboxymethyl 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.



