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Cloning and Expression in Escherichia coli of a Cellulase Gene
from Clostridium thermocellum

Ha, Ji-Hong*, Sung-Sook Han, Uk-Han Kim, and Yong-Hyun Lee
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Kyungpook National University, Taegu 635, Korea

A cellulase gene of Clostridium thermocellum was transferred to Escherichia coli by molecular
cloning with pBR322. The gene was carried in a Hind IIX digested DNA sequence of about 1.8 kb.
This Hind ITI fragment expressed activities on carboxymethyl cellulose (CMC) and on filter paper in
E. coli. The expression of clostridial cellulase gene in E. coli was studied and compared with the pro-

ducts of cellulase genes in C. thermocellum.
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lum ATCC 27405, clonings $18 F8iF24
Escherichia coli K12 strain HB1014r AF&-stelo
v}, cloning vector®i+ pBR 322% &5l
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C. //z('mmu//zmz9l Hal DNAES EAA sl
Hind [Il7# H-i-dkal gk 3 %%16& ARFE4E Faid
pBR 3229} llgllll()ll"l;(l_ 2. F. coli HB101 &7
AR a4 ol LB oagar eiAlell4 ApT,
Tesel #AAZ £, coli TFES 15005 A3

W& 5 Theater 52l congo red o2 cellulase
geney Z¥abe E. coli 1775 9%dch Cellulase
gened 7HA @A E, coliol 28l A3 72
Folel welghe: Fig, 1o vehd Qlet,

Cellulase FTAIS| HstEA X2

A=tz plasmid&
3t & 4 (EcoRI,
Xhol) & #-3l 47
m=z % #as 5

pJH11= vdsba, 6709 A
Bam HI, HindIII, Sall, Pst],
Aga4 A5E 243ch, Hind

=95 C. thermocellum®

Fig. 1. Colonies of E. coli strain HB101 producing
CMCase activity,
A:pJH 11, B: pBR 322, C: No plasmid.

Kor. J. Appl. Microbiol. Bioeng.

1 2 83 45 67 8 9

0.56kb —> | 48

Fig. 2. Electrophoresis of pJH 11 digested with various
restriction enzymes.

Lane 1: HindIII, ADNA, Lane 2: BamHI +EcoRI,
Lane 3: BanfHI +HindIIl, Land 4: HindIII + EcoRI,
Lane 5: EcoRI, Lane 6: HindIIl, Lane 7: BamHI,
Lane 8: HindIII, pBR322, Land 9: Pstl.

DNA b2 1.8kb HE 24 ulfol Hindlll, Bam
HI, EcoRI #a&l5-9i7} 22k sl glaloe] Sall,
Xhol, Pstloll thallAl= Zal5-217F glelct, e+
217} 9+ HindIll, BamHI, EcoRI®l af2l)4r

A el 2% EAE shdoev(Fig 2), olafe of

ol & A =w Fig, 3ol vk}t 2drt

Bam HI Hind IIX

Hind[l

Eco RI Eco RI

Hind III

pJH 11.6.2kb | Bam

Pstl

Fig. 3. Restriction map of pJH 11 containing cellulase
gene.

The heavy line correspond to pBR322 and the thin line to
C. thermocellum DNA.
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Fig. 4. Growth and cellulase production of recombinant
E. coli.
Growth (© — 0),CMCase activity (o — @),FPase activity
(X~ x).
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Table 1. Distribution of cellulase activity in recombi-
nant E. coli,

Localization CMCase activity FPase activity

(%) (%)
Extracellular 27 34
Periplasmic 27 34
Cytoplasmic 46 32

FPase 349 CMCase ¥4 7e the o8 ofAE
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Fig. 5. Effect of pH and temperature on the CMCase ac-
tivity.

® — ® CMCase activity of E. coli, < — x purified CMCase
activity of C. thermocellum, o — o Crude CMCase activity
of C. thermocellum.
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E. cofiol cloning® & THEH C. thermocellum
9 cellulase gened 1.8kbe] HindIll #&238) =t
HozA ¥ BamHl, EcoRl, HindIll &%
A5 shid A Aoz s (Fig. 3). oe
Cornet(10), Joliff 5(11)e] oja] od-F=lojxlxw gl
= cel A, B, Dot tE APa 4L e okas Bo)
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thermocellum2 MEF cellulase gene22 A3
o},

g, Fig 4olx vebd E. colidlA9) cellulase
gene THSAL S Wl g Folste] HAVE &
8 ebdon, cellulose 489 Ex9tEs BAIglo]
cellulase’l B4t Zo] #al= o), ol 7]H9]
Ffoll wa}t cellulase?] ZH9} Alalgko] wlelx]=
clostridia 7-%9h=(18) & GBS HolE Aoy
E. coliol A9 cellulase gene =& 71 && (C,
thermocellum> = & 222 Az"rh, C,
thermocellumol e F5F71 & 134 oj4d cel
geneo] E£Ajd= Aoz dulx AL nHE &
o (20) =FLQZEF2 cel geneol cloning® E. colis
cellulase MAFS C. thermocellumol wlall ch4
e 63% ASov dA 7t Aakeke cellulose
At Zaiehbs AAYe] vlmE EL Holr}h, o

+ multiple copy® EA3= plasmidel 28] cel
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2 Az,
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lulase gene®+ o} AFTaL EaYAE 71A A
2§ cellulase gene2 24 E, coliof4l CMCases}
FPase #4¢ viebiolch, o] fAzle 489 =4
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54 5Aol zthE R HUYE Hat offa} Aldtak
o] Alzulog Hulxgl



Vol. 15, No. 5

H o

o

g

Ab A}

Yool 19868611 ot st §A
Sl E L B

> j=]
HoEH

. Zeikus, J.G.: Enzyme Microb. Technol 1, 243

(1979).

. Cooney, C.L., D.I.C. Wang, S.D. Yang, J. Gordon

and M. Jiminez: Biotechnol. Bioeng. Symp. 8, 103
(1978).

. Saddler, J.N. and A.W. Khan: Can. J. Microbiol. 26,

760 (1980).

. Lamed, R., R. Kening and E. Setter: Enzyme M;i-

crob. Technol 7, 37 (1985).

Ng, TK. and J.G. Zeikus: Biochem. J. 119, 341
(1981).

Petre, J., R. Longin and ]J. Millet: Biochimie 63,
629 (1981).

Schwarz, W.H., F. Gribnitz and W.L. Stauden-
bauer: Appl. Environ. Microbiol. 51, 1293 (1986).
Johnson, E.A., M. Sakajoh, G. Halliwell, A. Madia
and A.L. Demain: Appl. Environ. Microbiol. 43,
1125 (1982).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

351

Ng, T.K. and ].G. Zeikus: Appl. Environ. Micro-
biol. 42, 231 (1981).
Cornet, P., J. Millet, P. Béguin and J.-P. Aubert:
Bio/ Technology 1, 589 (1983).
Joliff, G., P. Béguin, M. Juy, J. Millet, A. Ryter, R.
Poljak and J.-P. Aubert: Bio/Technology 4, 896
(1986).
Macy, J.M., ].E. Snellen and R.E. Hungate: Amer.
J. Clinic. Nutr. 25, 1318 (1972).
Maniatis, T., F.F. Fritsch and J. Sambrook: Mole-
cular Cloning-A Laboratory Manual, Cold Spring
Harbor Laboratory, New York. (1982).
Mandels, M., R. Andreotti and C. Roche: Biofech-
nol. Bioeng. Symp. 6, 21 (1976).
Takizawa, N. and Y. Murooka: Agr. Biol. Chem. 48,
1451 (1984).
Lamed, R., E. Setter and E.A. Bayer: J. Bacteriol.
156, 828 (1983).
Kim, U.H., J.H. Ha, K.T. Chung and Y.H. Lee:
Kor. J. Microbiol. 25, 157 (1987).
Johnson, E.A., E.T. Reese and A.L. Demain: J.
Appl. Biochem. 4, 64 (1982).
Miller, G.L.: Anal. Chem. 31, 426 (1959).
Ronaniec, M.P.M., N.G. Clarke, and G.P. Haz-
lewood: J. Bacteriol. 133, 1297 (1987).

(Received August 19, 1987)



