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Young-Chul Chung, Yang-Woo Kim, Shin-Kwon Kang,
Jong-Su Rho, Jae-Hyeon Park and Nack-Kie Sung

Department of Food Science and Technology, Gyeongsang National University

Abstract

Cellulase genes from thermophilic alkalophilic Bacillus sp. F204 a potent cellulase complex-producing
bacterium, were cloned in Escherichia coli with pUC 19. Plasmids pBC191 and pBC192, isolated from
transformants forming yellow zone around colony on the LB agar plate containing 0.5% carboxymethyl
cellulose and ampicillin, contained 4.6 Kb and 5.8 Kb HindIll fragments, respectively. The 4.6 Kb insert
of pBC191 had single sites for BamHI EcoRl, Kpnl and Poull. DNA hybridization and immunodiffusion
studies showed that pBC191-encoded cellulase gene was homologous with that of host strain. pKC231,
constructed by inserting 4.6 Kb insert of pBC191 at the Hindlll site of pKK223-3, E. coli expression
vector, and pGC711, constructed by inserting 4.6 Kb insert of pBC191 at the Hindlll site of pGR71,
E. coli and B. subtilis shuttle vector, had 3.2 times and 2.8 times as much cellulase activity as pBC191,
respectively. Substrate specificity analysis showed that cellulases cloned were CMCase.
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Cellulase= 454 24 AAs¥siAHE< glucose,
xylose oligosaccharide & ¥-€] #4841 Exo} At
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% endo-B-1, 4-glucanase(EC 3.2.1.4)7} endo-p-1, 4-
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g, orreld Bacillus sp. F204+& B AFAlo 4
Bk A Felgh 24 obzke] A cellulase comp-
lex& 2 Al3lo cellulase gene source FO 7 AF43}9]
t}. E.coli IM109CA (ac pro), thi, sirA, supE, endA,
sbeB, hadR |, F'traD36, proAB, lacl, ZAMI15, v . m )<}
B. subtilis RM141(argl5, [euB8, hisAl, » , m )7}
host 2 o] £-5]¢ 1L, pUC19, pBR71-2 E. coli ¢} B. subti-
lis9] cloning vectorZ 12 pKK223-3-& tac promo-
terg 7}A= E. coli W3 vector2 4] & etAd Z%o
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E. coli®} B. subtilist= LBwi =] (Bacto-tryptone 10g,
Bacto-yeast extract 5g, NaCl 5g/1)el 4] 37C, #lebujok
shodal, Ay, oZelA Bacllus sp. F204+= PY-CMC
] 21 (CMC 10g, polypeptone 5g, yeast extract 5g NaCl
5g, K,HPO, 1g, MgSO,-7H.0 0.2g, Na.,CO, 10g/l, pH
10.2, Na,COy2 Ayt & W 7P 7R 50Ce) 4 A&t
wegssieh

E. coli JM1099] #Axdgbal el 2] Alelwf A=
ampicilline] 50 pg/m/ &% MacConkey T AI8]=]7}
AHEE 2, cellulase 348 el A Hgh ¥
2] Alelli= ampicillin®} 05% CMC7} €% LB 74w
A7F A2 A8E gl

Cellulase FZ&IXje| 2xyY

Bacillus sp. F2049] oJ¥ 3 DNAZ Hindlllz 4%
3lo] 15~30% sucrose gradient® 1-10Kb wtsio
+8% 5ug@ EdAaA® Hxhsled alkaline phospha-
tase2. &gk pUC19 2.5uge T,DNA ligase(TaKaRa,
Japan) & 12.5%T, 3647} ligationsle] E. coli JM1099]
competent cellell 323t 217 ampicillin(50 ug/m/) |
5% MacConkey TAIuf#joll w=wkslod 37C, 36417
sekatoich. o] wf ML wi colonyd ampicillin?}
0.5% CMC7} &% LB zAufx]ol] o]Alsled 37C, 36
A7} o)A wekslod colony FY ol craterd & A3t}
%= 0.1% congo red F4A] cebAef 3hg Ashe
7S Alubsigic). o344 DNAQ] Ral+ proteinase K
(1 mg/m/ 5 Sigma) 2} RNase(100 pg/m/, typell-A-Si-
gma)& Helshs g Alelstai: Miura YWl F3f
Ao plasmid®] ofzF A A3 Maniatis 5¢] by
a2l A E FR5ha gl plasmid®] A&E &

2= Biroboimz} Doly2] upe]*-g al-&-3}eich

DNA &3443

Agarose gel®] DNA th#l-8 nitrocellulose filterel

a4 Sourthernd] Mg, 12)31 DNA hy-
bridization 3-8~ Boehringer Mannheim4}2] nonra-
dioactive immunoassay kitE AH&-3}e] Maniatis9] ¥}

Mg ek

AN el

Bacillus sp. F204& PY-CMC #i =)ol 4] 50T, 3643}
ufekgl & glAlBg)dk AAeNg 4ule] cold ethanolZ
HH A7) o} AHA 1 m/(CMCase activity 4.0 unit) =
complet Fruend adjuvant 1 mi¥} 2313 &3slel &
7ol 3] g e}

Booster injectione] Z % TAF ¥ 458} 65 Fof
wolulw] o 2 s)sledw, Bejsl S Johnstone %9
ol wig) immunodiffusion A8l-S 3¥3toAc)

BAEMIT 4l jocalization

Carboxymethyl Cellulase(CMCase) &4 Horikoshi
Lo why Vol F3lglth & 2EA4AY 0.3miF 0.02M
citrate-phosphate buffer(pH 6.5)¢] &35 1% CMC
£ 0.7 mlE E£7sle] 50T ARgzolH 1087 v
%2171 % 3.5-dinitrosalicylic acid(DNS) &9 1m/&
H7bste) HahstA 58 4 ug FYAA FHT
5mi& 7}ste] 510 nmell 4] FFEE =A3te] D-glu-
coses A=slgdch &4gA 9= mM-glucose/ml,
min& A 5tdch 749 periplasmic# FAW 549
F3)2 Cornelis 5% 2] whgol ube} sistsch

YEMst
E. coli2t B. subtilis®] 3A#H%-2 Cohen#} Ima-

naka'®'e] el weh 77 ssheick

Cellulase XX} £ coliole] E22L!

Bacillus sp. F2042] 344 DNAE pUCL9¢)| clo-
ning%-917} ole 770 AL S, EcoRl, Sacl, BamH],
PstLHindlll, Poul, Salio.2 H2jslgds o, EcoRI=
Hidllle] Axhe] ok slelw=r ¥ Aol AF4-H plasmid
(pKK223-3, pGR71) &-& Hindlll7} 24 FJZ &
Y&t Hindlll2 A}-4-3t4c) Hindlll2 A< 994
4 DNA 5ug¥® 5984 du3le] alkaline phospha-
tase® el® pUCL9 25 ugE ligationA|7] F A
8417 ampicilline) ¥ MacConkey 314 ull 2o 4]
37C, 3647 wiokalich o} wj pUC199) lacZ gene
siteel] & 3l= HindIl H-9o] #12] DNAZ} Abgi=ld
s Ba g vtehy s 9)e) DNA7E glof pUCL97} self-
ligation¥l plasmid:= 44 Z2UE Ao} IANE
= ok 23X10°7) colony S t}A] 0.5% CMCe} ampicil-
line] *7}= LB agarm Al tooth-pickingsdled 37C, 36
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Fig. 1. Halo formation of E. coli JM109 carrying reco-
mbinant plasmid DNA by the congo red staining

1. E. coli JM109 containing pUC19

2. E. coli JM109 containing pBC192

3. Bacillus sp. F204

4. E. coli JM109 containing pBC191

2 0.1% congo red2 443t IN NaCl&
4 =349 halos A= 27 #FE
7oA 2F 4.6 Kbe} 5.8 Kbe] HindlIII
= 7Ne] a %3} plasmid, pBC1913} pBC192
b2y Ee]sksic). Fig 12 As recombinant plas-
mid DNAE 71X 2 & E. coli7} 0.5% CMCE @58
LB agar®] ®]oll A clear zoneo] v}ebd-g- HodF 31 QJr}.

pBC191S HZe] AFALZ singled} double diges-
tiong 3 ¥ 7+ HHE 7|9 F 5F9-& o Fig 29} 7o)
BamHI, EcoRl, Kpnl, Poull ¥-$17} 7}z 10 &5
931, Xbal, Sall, Sacl, Bgill, Xhol site® #]3}9lL
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pUC 199 =% pBC1912] 4.6 Kb Hindlll A Ho)
gene sourcet Q! Bacillus sp. F204 f217}& & al3}7)
$13te] Boehringer MannheimA} A #<] Nonradioactive
immunoassay Kit9] deoxyuridin-triphosphateol] insert
£ labeling& probes} HindllI2 sl o3 A4 DNA9)
AEAE RASe] 2 A3} Fig. 3o bl ule} zo)
HE AHgAdo] alA =gl
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Immunodiffusion assay

Bacillus sp. F2049] =R A4N-& E7) FA}sle] &
3ha ol o 3led pBC1912] cellulase geneo] A Abs}= cel-
lulase, Aspergillus niger®] cellulase 212] 3 Cellulomonas

pUC19

Hind Il

ind I11
BamHI1 EcoRl Kpnl PvuIIH

pUC19
1 2 3 4 4.6

Fig. 2. Restriction endonuclease map of the 4.6 Kb in-
sert in pBC191

A B

Fig. 3. Homology between the pBC191 and chromoso-
mal DNAs
A Agarose(0.8%) gel electrophoresis of digests of
various DNAs. lane 1, E. coli JM109 DNA(HindIIl)
lane 2, Bacillus sp. F204(HindIll) ; lane 3, pBC191
(HindIIl) ; lane 4, ADNA(HindIID)
B : Hydridization analysis of the Southern transfer from
the gel A

fimi2] cellulase-S immunodiffusion]%Z] 23 pBC191¢]

codingdty 9+ cellulasetr 733t A7HA-& FAstgle
, g

v} A niger, C. fimigte] o8 whg = ehtz] efsitd
(Fig. 4). =3 34 30 W5 pBCl91& 7IA Qe E
coli TM1099] cellulase ZE ANl #7}ata 929 o) A}el
HAagAe] AsiE ). o] A= pBC191W 9 cellu-
lase gene-& Bacillus sp. F2042] #-29lo] &gl om
g AQzEF[A pBC191o] AA sk cellulase:= A
niger B C. fimi9] cellulase} A7F4S dAshA] o2
7122 ¥eo} pBC191 9} cellulase F A3 o) & FF-<
cellulase f+H#Fe} Adeldltis Ae FEY & stk

SAEAM 9l localization

pBC1913} pBC192& 7}X|= E. coli JMI09E 1%
CMC2} ampicilline] 5% LBulz|ell4] 37T, 36+]7}
vl eFsted Bacillus sp. F204 $-2) 2] cellulase”} E. coli2)
A EW, periplasmic 22 #H 8ol £ =S 2A1E
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Fig. 4. Oucherlony double diffusion assay

Samples were added to the outher wells as indicated
below

Ab, antiserum to the crude enzyme of Bacillus sp. F
204 . Well 1, periplasm fraction of E. coli JM109 carrying
pUC19 : Well 2, Lrude Lcllulase of E. m/i carrying pBC

Well 4, crude Lellulasc of C(llulom(mas ,fzmz : Well 5,
crude cellulase of E. colr JM109 Bacillus sp. F204

A= Table 13} %ch

270 9] WA F pBC191S 71#]3= E. coli JM109+=
;Ei’\é‘“*O] Bacillus sp. F2042] gtadwc) oF 13u) =
i, pBC192+= w]o=gt Fol<de) K. coliol 4] ubslxl
20

LH 2] cellulase & 41}“‘] ATt ate} vl é}"ﬂ v
o¥e] & 4% periplasmic 21} Aol 4 HAE sl
A Ee] B He)E| = w82 vl vkke). Bacillus sp.

F204+= B-1, 4-glucosidic linkage 7+

7R b

CMC avicel, filter paper 52 Wizl % 7}sta cellu-
lase2} A gtAo] F x5+ °Ei’\ 13, =& glucose 2}
3 L}%v_’r EAstell e w2 Ade] AslE= cata-
bolite repression Z A3}l 9l FEAdll™, RE3HA
pBC1913} pBC1922 @48+ 9= E. coli JM1096] A
1 wEEAe] Q7 ERA e AR maglon, wl A
glucose ZAo} Algle]l i Aol Holsksich
ol21gt Aa}-Z u|Fo} Wol Horikoshi 5''2] o1+ z}o}
b3t 4295 cellulase gene-> gene regulationol
e %) operator H-$17} AAR A2 F53 9ok

Cellulase SMXIe| gtsl HIEIQ} B. subtilisol|e] Tl
ojn] Wt¥l HAmpsifgl zlo] H Aol 2R
cellulase =2 7} E. colio)l & B AdMo) 2
gl we wsEl fEo2 vebty] Wiel &4d
48 F7pA 7 E2 o R tac promoterd 7= E. coli
wielel pKK223-3¢] HindIll $-31ef pBC1912] 4.6 Kb
HindIll &#-8 ¥-2]ake] ligationd: o+ E. coli IM109]]
g aslaA CMC 05%7F 4% LBarAu| =]« A
37C, 36417k wheF & amp’, ter' colony 3ol congo red
ol W x| ek gk8 & A3l colony Foll 4 pKC231&E
A5z -5 sk pKC2315 7HA14= E. coli IM109+
stdo) pBC191RTh ok 32w 27}¥loji=ul(Table 1),
o)1= pBC191¢} 4.6 Kb Hindlll & #10) pKK223-32] pro-
moter o}t LslEel WEERL FrpE e A7
gt gk pBC191E 7 A= E. coli JM1090A4 H A
e oht qdapEe] Bt 99} Jro] periplasmic#h
deell Eafstolck AL EagnlE 38k B

Table 1. Activities and distribution of CMCase in E. coli JM109 and B. subtilis RM-141 carrying plasmids

Strains and
plasmids

CMCase activity(mU)*’

Total Extracellular(%) Pex lpldsmu (‘/() Intra(elluldr( %)

E. coli ]M109

pUC19 0 0 0 0

pUC191 2.10 0.20(9.4) 0.89(42.3) 1.01(48.3)

pBC192 1.85 0.28(15.4) 0.71(38.5) 0.85(46.1)

pKKC221" 6.75 0.72¢10.6) 3.00(44.5) 3.03(44.9)
B.subtilis RM141

pGR71 2 2 - -

pGRC711 5.84 5.84(100) — -
Bacillus sp.

1‘2()4 1.60 1.60¢ 1()()1

Strams were aerobically grown in LB medld for 36 hrs at 3/(

“One unit of CMCase is defined as the amount of enzvme which liberates 1 miliunit of reducing sugar expressed

as glucose per min. ml.

" pKKC221 is pKK223-3 containing 4.6 Kb Hindlll fragment in pBCl
' pGRC711 is pGR71 containing 4.6 Kb Hindlll fragment in pBC1

*“not determined
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Table 2. Substrate specificity of the cellulase encoded
by pBC191 and pBC192

Enzyme activity(unit)

Substrate
pBC191 pBC192
CMC 2.10 1.85
Laminarin — -
Avicel - —
Xylan - 0.21
pNPG* — —
pNPX" - —
Cellobiose - 0.38

for 36 hr at 37C.
© pNPG : p-nitrophenyl-B-D-glucopyranoside
» pNPX : p-nitrophenyl-B-D-xylopyranoside
“ not determined

subtiliso 4] E A 5E doln7) 9ste] E colish B.
subtilis©] shuttle vectorel pGR712] HindIII siteel] pBC
191¢] 4.6 Kb Hindlll AL A4A|#H B. subtilis RM
1414 3 AA3s}e] 0.5% CMCrF 5% LBul =)ol 4]
Kar', Cml' & colonyE 41wsle] congo reddd %
L3k el zoned e FFoNA Mz plasmid
pGCT11E Fejsbola A4a4S 23 skdc}(Table 1).
Cellulase &4-& pBC191®c} oF 28m) Z7}slsla, B.
subtilisoll A= o} 2 AaEe] BaWel gdsiA E
colishz vh2A 227 AxE A o} Fulaidrh

71 5oly

Gene sourced<l Bacillus sp. F204% CMCase, avice-
lase, f-1,4-glucosidase 2|7 xylanasexd &-u|3}P &
T e AnR Y] YAl o] g7 uwfFeel zHE
71del] gt SolAds zabslmas 224¥ cellu-
lase7} o1™ gene-& codingsliz Qli=7}E & = 9ok
pBC1913} pBC1927} Loj9le E. coli JM109% LBuj
2ol 4] 37C, 3641 7F a)ofale] g 2F 4T 7F 7] A
1%l Hate] &52A4& 5435 243 Table 29} 4ich.

pBC191% coding3t: Q)+ cellulase-2- CMC 7] & off
Ank B484S 2w, B-1, 3-glucosidic linkages 7}
2]+ laminarine]v}l B-1, 4-glucosidic linkage® 7}#]+=
avice,, xylan, pNPG, pNPX ' cellobiose ol = %
L&A e] A& R eretok v} pBC1926l 4] Al %]
a2 CMCee xylan3} cellobioseol 4 2Fzbe] & 4
gdo] ettt 9ol AT Hol cloned cellulase
gene< CMCase gene-$ codingdlal 9l= o e =xst
I %le.m, Kawal 5'*¢] Ruminococcus albusel 4] clo-
ning%l cellulase gene> CMCase gene®|el Lichnan,
Laminarin, pNPG, pNPCel] tja2| % 548 »ael #z}

0

r

Cloning % & 35

= obzh abolaiin.
* <

a2, otzvel A Bacillus sp. F204¢) CMCase #4215
pUC199} HindIIIH-2]o] ed73)e] Hol%l Ecoli A
2 F 2749 RxF Fetav|e Z pBC1913 pBC192
& Aubslgd=d)], o] 52 4.6 Kbe} 5.8 Kb HindIll 232
2k ghskar 9l gdck pBC1912) 4.6 Kb Hindlll 2832
BamHI, EcoRl, Kpnl, Poull ¥-9)7} 7tz 1704 28}
93t} Dioxigenin-labeled deoxyuridin-triphosphateel 4.6
Kb A& 48 71& probei slo] AEAdS #HA e
At Bataet 7hekabgAde] 9lddan wedgd A
% Bacillus sp. F204 f-2fsde] ol =gic}, pBC191¢]
46 Kb 28 E.coli &) vrd #e}lql pKK223-334} Bacillus
vectors] pGR71el A7 A|# &3 pKC2313%} pGC711
2 7kzb pBC191lel w)sle] FAagkAo) 32019} 2.8u
AL FrkEiglow, Jie) 2 Ecoliol M= ol -3 Al ) o}
periplasmic #3loll 4 &=t 7]A Eold & &AL
Hylo] 2jstH pBC1913 pBC192+= CMCase gene$-
ARsisn ol e R eyl
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