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Overproduction of Pseudomonas sp. LBC505
Endoglucanase in Escherichia coli and Bacillus subtilis

CHUNG, YOUNG-CHUL', KYEONG-SOOK KIM?, YANG-WOO KIM,
SUNG-SIK CHUN AND NACK-KIE SUNG*

"Department of Food Nutrition, Chinju junior College Chinyang 663-840, Korea
“Division of Clinical Nutrition, The National Institute of Health and Nutrition, Tokyo, 162, Japan
‘Department of Food Science and Technology, Gyeongsang National University,

Chinju 660-701, Korea

Endoglucanase gene of Pseudomonas sp. LBC505 was previously cloned in pUC19 to vyield plasmid
pLC1. overproduction of endoglucanase was attempted by following ways. First, the endoglucanase gene
of Pseudomonas sp. LBC505 cloned in pUC19(pLC1) was tandemly inserted, step by step, into a expression
vector pkK223-3 in a directly repeated form to enhance productivity of endoglucanase. Escherichia coli
containing pKCC30 among the resulting plasmids showed the higher yvield of the endoglucanase. E.coli
harboring pKCC30 which had three inserted endoglucanase genes expressed about 12.3 times as much
CMCase activity as E.coli harboring pLC1. Second, the endoglucanase gene was subcloned into Baciflus
subtilis expression vector pgnt41 for both overproduction and extracellular secretion of the endoglucanase.
A resulting plasmid pgntcl5 in Bacillus subtilis expressed 4.3-fold higher levels of CMCase activity than
that of E.coli harboring pLC1 and the endoglucanase produced was entirely secreted into the culture medium.

Celluose, an abundant but recalcitrant biopolymer, is
composed of repeating glucose units linked by B-1,4-
glucosidic bonds. Cellulase is an important enzyme
degrading cellulosic material both in agriculture and in-
dustrial processes and is multicomponent complex which
often consists of endoglucanase, cellobiohydrolase and
cellobiase. Cellulose components act synergistically to
degrade crystalline cellulose into glucose and/or cello-
biose (7, 23, 24, 25).

However, commercial application of cellulases pro-
duced from microorganisms is not effective in aspect
of cost at present since large quantity of active cellulase
preparation is required (13, 14). Recombinant DNA te-
chnology may provide an altemative to conventional
strain development for improving enzyme production.
As a prerequisite for the genetic manipulation of cellulase
components, we have previously cloned Pseudomonas
sp. LBC505 endoglucanase (21) and B-glucosidase genes
(22), and determined the complete nucleotide sequence
of the endoglucanase gene (6).

For studying the structure and function of these ce
llulase components and for evaluating their biotechno-
logical potential, it is necessary to produce active enzyme
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in large amounts. In this paper we describe the over-
production of Pseudomonas sp. LBC505 endoglucanase
without an increase in the copy number of E. coli ex-
pression vector and the secretion of active enzyme in
large amount into extracellular medium by using B. su-
btilis strong promoter gnt expression system.

MATERIALS AND METHODS

Bacterial Strains and Plasmids

E. coli IM109 (26), E. coli HB101 (4} and B.subtilis 60015
(9) were used as host strains for expression and DNA
manipulation. Vectors employed were pUC19, pKK223-3
(3,19) and pgnt41 (7).

Media

Luria broth (LB} and $6 medium (8) containing 0.5%
casamino acids supplemented with tryptophan (50 p/ml)
and methionine (50 ug/ml) were used for the cultivation
of E. coli and B.subtilis, respectively. LB and S6 medium
containing 0.5% (w/v) carboxymethylcellulose (CMC) and
suitable antibiotics were used for the production of
endoglucanase from the recombinants.

Recombinant DNA Techniques

DNA manipulations were carmied out with restriction
endonucleases and T4 DNA ligase (Bethesda Research
Laboratories) under the conditions specified by the su-
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pplier. Purification of plasmids and DNA fragments were
done as described by Maniatis et al. (15). Transformation
of E. coli and B. subtilis was done as described by Inoue
et al. (12) and Chang et al. (5), respectively.

Preparation of Subcellular Fractions and Enzyme
Assay

Cell fractionation of E. coli and B. subtilis was cartied
out according to the procedure of Horikoshi et al. (20)
and Fujita et al. (10). CMCase activity was assayed by
incubating the fractionated sample for 10 min at 50C
in a 1% (w/V) solution of CMC in 20 mM citrate-pho-
sphate buffer pH 6.5 (20). Reducing sugars released from
the substrate were determined with the 3,5-denitrosa-
licylic acid reagent. One unit of enzyme activity corre-
sponds to the amount of enzyme to release 1 mg glucose
per min.

RESULTS AND BISCUSSION

Construction of Endoglucanase: Expression Vectors
in E. coli

A 0.7 kb Hindlll fragment canying Pseudomonas sp.
LBC505 endoglucanase gene was previously cloned in
pUC19 to vield plasmid pLC1 (21) and the complete
nucleotide sequence of the gene was determined (6).
Since the putative Shine-Dalgamo sequence of the en-
doglucanase gene is immediately preceded by an Tagl
recongnition site it was possible to remove the promoter
region by cleavage with Tagl. The 0.6kb Taql-HindIll
fragment containing the coding sequence of the en-
doglucanase gene was filled-in with Klenow fragment
of DNA polymerase 1 to make a blunt end. The BamHI
linker was ligated to the blunt-ended fragment using T4
DNA ligase. After digesting the mixture with BamHI and
eluting on agarose gel, the eluted DNA fragment was
inserted to the same site of E. coli expression vector
pKK223-3 containing the strong promoter tac.

The resulting plasmid pKPC1(Fig. 1A) was completely
digested with HindIll following partial digestion with
BamHI. The termini generated by the digestion were
filled-in with Klenow fragment and ligated with Bg/1I linker
to make plasmid pKC10 containing one copy of the
BamHI-Bglll endoglucanase fragment. The 0.6-kb Ba-
mHI-Bglll fragment was prepared by eluting on agarose
gel. pKC10 was then digested with Bg/ll and ligated with
the 0.6-kb BamHI-Bglll fragment to construct plasmid
pKCC20 containing two tandem copies of the endog-
lucanase fragment. In this way, pKCC30 and pKCC40
were also constructed (Fig. 1A).

Construction of Endoglucanase Expression Plasmid
in £ coli and B. subtilis

The 0.6-kb blunt-ended fragment obtained during con-
struction of endoglucanase expression vectors in E. coli
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Fig. 1. Construction of plasmids.

A: Schematic construction of endoglucanase expression plsmids in E.col,
in which endoglucanase fragments were plurally inserted. B: Schematic
construction of endoglucanase expression plsmid in E.coli and Bacillus
subtilis. Abbreviations are: Pt, tac promoter; Pg gnt promoter; END,
endoglucanase gene; B, BamHI; Bg Bgll; H, Hindlll; Hp, Hpall.

was used to ligate with Hpall linker. After ligating the
mixture with T4 DNA ligase, the 0.6kb Hpall fragment
was inserted to the same recognition site of pgnt41 to
construct plasmid pgntc15 (Fig. 1B).

Overproduction of Endoglucanase by the Insertion
of Plurally Repeated Form at the Downstream of tac
Promoter

Recombinant E. coli strains bearing the resulting pla-
smids obtained from Fig. 1A were grown at 37C. When
the A was about 1.0, isopropyl-B-D-thiogalacto-pyra-
noside (IPTG) was added at the final concentration T mM.
The maximum production of endoglucanase was ob-
tained after further incubation for 3 h. The CMCase
activity in E. coli harboring each plasmid is shown in
Table 1. The maximum CMCase activity was shown in
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Table 1. CMCase activities in E.coli JM109 carrying various plasmids

CMCase Activity (U)

Inducti

rduction pLC1 (1)’ pKC10 (1)* pKCC20 (2)* pKCC30 (3)* pKCC40 (4)*
ZIPTG 428 8.60 1042 16.50 15.46
+IPTG 26.75 31.60 52.80 4977

*The parentheses represent the copy number of the endoglucanase gene in the plasmid.
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Fig: 2. Induction of endoglucanase gene in Ecoli and B.
subfilis:
©® @& F.coli JM109 canying pKCC30 (1 mM IPTC) B : E.coli HB101
canmying pgntcls (10mM gluconate) A—A : Bsubtilis 60015 camying
pgntc15 (10mM gluconate) O—O : Ecoli JM109 canying pLC1 {(unin-
duced)

E. coli harboring plasmid pKCC30 which has three copies
of the BamHI-Bg/ll endoglucanase fragment. E. coli tra-
nsformed by the resulting plasmid pKCC30 (induced)
expressed 12.3-fold higher levels (52.8U) of CMCase
activity than that £ coli containing pLC1 (uninduced).
As a rule  CMCase activity increased according to the
copy numbers of the endoglucanase gene in the plasmid.
To find the limitations of endoglucanase activity in our
system, we also constructed plasmid pKCC40 in the same
way. The endoglucanase productivity did not increase

Table 2. Subcellular distribution of CMCase activity

in spite of the higher copy numbers of endoglucanase
gene. These results indicated increase of endoglucanase
productivity (activity) depends on the certain copy num-
bers of endoglucanase gene in plasmid.

Overproduction of Endoglucanase by gnt Promoter

The plasmid pgnt41 containing gluconate (gnt) pro-
moter of gnt operon of B. subtilis (1) is a shuttle vector
between E. coli and B. subtilis. When a DNA fragment
containing both promoter of the gnt operon(gnt pro-
moter) and the gntR gene was cloned into E. coli, this
organism recognized the gnt promoter efficiently and
precisely, and overproduced the GntR protein upon
addition of gluconate to the medium(9).

We have attempted ovemproduction of Pseudomonas
sp. LBC505 endoglucanase under control of B. subtilis
gnt promoter. The resulting plasmid pgntc15 (Fig. 1B) was
transformed into E. coli and B. subtilis. E. coli and B.
subtilis transformed were grown at 37C to Ax=0.25 in
B and S6 medium, respectively. After addition of 10 mM
gluconate, cells were further incubated for 10 h. E. coli
and B. subtilis beating pgntc15 were expressed 2-(8.6U)
and 4.3-fold(18.3U) higher levels of CMCase activity than
that of E. coli harboring pLC1 (Fig. 2).

Localization of Endoglucanase Gene Product

The cellular localization of pseudomonad endoglu-
canase produced in E coli and B. subtilis were inves-
tigated(Table 2). it can be seen that 60% of the en-
doglucanase constitutively expressed by pLC1 is exported
into the periplasm. Overproduction of the endoglucanase
under control of tac promoter had a significant effect
on the localization of the enzyme. Upon induction of
pKCC30 in £ coli about 70% of the total activity was
found in periplasmic space and secretion of the en-
doglucanase produced was decreased. The results sug-
gest that a similar signal peptide (6) found in gram-

. CMCase activity
Strains -
Total Cytoplasm Periplasm Supematant

Ecoli

JM109 (pLC1) 4.28 0.71(16.6)* 2.56(59.6) 1.02(23.8)

JM109(pKCC30) 52.80 5.96(11.3) 37.12(70.3) 9.72(18.4)

HB101(pgntc15) 8.60 1.30(15.1) 5.39(62.7) 1.91(22.2)
B.subtilis

60015(pgntct5s) 18.30 0(0) 0(0) 18.30(100)

*The parentheses represent % CMCase activity.
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negative bacteria cause the recombinant bacteria to
secrete endoglucanase synthesized in cytoplasm into the
medium. In particular, B. subtilis transformed by pgntci5
entirely secreted the endoglucanase into the medium,
suggesting a possible way of saving the fermentation cost.

Acknowledgment

This work was supported by a grant from the Ministry
of Education in Korea,

REFERENCES

1. Aiba, H., S.Adhya and B.de Crmbrugghe. 1981. Evidence
for two functional gal promoters in intact Escherichia coli
cells. J.Biol, Chem. 256:11905-11910.

2. Beguin,P. 1983. Detection of cellulase activity in polya-
crylamide gels using Congo Red-stained agar replicas.
Anal. Biochem. 131:333-336.

3. de Boor, H.A,, LJ.Comstock and M.Vasser. 1983. The tac
promoter: a functional hybrid derived from the trp and
lac promoters. Proc. Natl. Acad. Sci. USA 80:21-25.

4. Boyer, HW. and D.Roulland-Dussoix. 1969. A comple-
mentation analysis of the restriction and modification of
DNA in Escherichia coli. JMolBiol. 41:459-474.

5. Chang, S. and S.N.Cohen. 1977. High frequency trans-
formation of Bacillus subtilis protoplasts by plasmid DNA.
Mol. Gen. Genet 168:111-115.

6. Chung, Y.C. 1991. Thesis for Ph.D. Gyeongsang Natl.
Univ.

7. Coughlan, M.P. (ed). 1989. Enzyme systems for ligno-
cellulose degradation. Commission of the European Co-
mmunities. Elsevier Applied Science, London.

8. Fujita, Y and E.Freese. 1981. J.Bacteriol. 145:760-767.

9. Fujita, Y. and T.Fujita. 1987. The gluconate operon, gnt
of Bacillus subtilis encodes its own transcriptional negative
regulator. Proc. Natl. Acad. Sci. USA 84:4524-4528.

10. Fujita, Y. and T.Fujita, 1986. Identification and nucleotide
sequence of the promoter region of the Bacillus subtilis
gluconate operon. Nucleic Acids Res. 14:1237-1252.

11. Fujita, Y., T.Fujita, Y.Miwa, ).Nibashi and Y Aratani. 1986.
Organization and transcription of gluconate operon, gnt,
of Bacillus subtilis. J.Bacteriol. 261:13744-13753.

12. Inoue, H., H.Nojima and H.Okayama. 1990. High effi-
ciency transformation of Escherichia coli with plasmids.
Gene 96:23-28.

13. Kosaric, N, D.CM.Ng and G.S.Stewart. 1980. Ethanol

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

production by fermentation: An alternative liquid fuel.
Adv. Appl. Microbiol. 26:147-227.
Mandels, M. 1981. Cellulase. Annu. Rep. ferment. Proc.
34:423-464.
Maniatis, T., E.F.Fritsch and J.Sambrook. 1989. Molecular
cloning: A Laboratory manual. Cold Spring Harbor La-
boratory, Cold Spring Harbor, New York.
Miwa, Y.and Y.Fujita. 1987. Efficient utilization and ope-
ration of the gluconate-inducible system of the promoter
of the Bacillus subtilis gnt operon in Escherichia coli. J.
Bacteriol. 169:5333-5335.
Miwa, Y.and Y.Fujita. 1988. Purification and characteri-
zation of a repressor for the Bacillus subtilis gnt operon.
J.Biol.Chem. 263:13252-13257.
Remaut, E., P.Stanssens and W.Fiers. 1981. Plasmid vectors
for high-efficiency expression controlled by the pL pro-
moter of coliphage lambda. Gene 15:81-93.
Russell, D.R. and G.N.Bennett. 1982. Construction and
analysis of in vivo activity of E.coli promoter hybrids and
promoter mutants that alter the -35 to -10 spacing. Gene
20:231-243.
Sashihara, N.P., T.Kudo and K.Horikoshi. 1984. Molecular
cloning and expression of cellulase of genes of alkalophilic
Bacillus sp. strain N-4 in Escherichia coli. ).Bacteriol.
158:503-506.
Sung, N.K, Y.C.Chung, Y.W.Kim, S.K.Kang and }.S.Rho.
1990. Molecular cloning and expression of cellulase of
gene of Pseudomonas sp. in Escherichia coli. KorJ.Appl.
Microbiol. Bioeng. 18:633-639.
Sung, N.K, YWKim, $S.Chun, SJ.Kim and Y.C.Chung
1993. Cloning and expression of 8-1, 4-glucosidase gene
from Pseudomonas sp. in Escherichia coli. and Bacillus
subtilis. Kor. J.Appl. Microbiol. Biotechnol. 21:113-118.
Wood, T.M. and V.Garcia-Campayo. 1990. Enzymology
of cellulose degradation. Biodegradation 1:147-161.
Woodward, J. 1991. Synergism in cellulase systems, p.
67-75. In LP.Walker and D.B.Wilson (ed.), Enzymatic
hydrolysis of cellulose. Elsevier Applied Science, New
York.
Yablonsky, M.D., T.Bartley, K.O.Elliston, S.K.Kahrs, Z.P.
Shalita and D.E.Eveleigh. 1988. Characterization and clo-
ning of the cellulase complex of Microbispora bispora.
FEMS Symp. 43:249-266.
Yarmisch-Perron, C., J.Vieira and ).Messing. 1985. Imp-
roved M13 phage cloning vectors and host strains: uc-
leotide sequences of the M13mp18 and pUC19 vectors.
Gene 33:103-119.

(Received November 10, 1994)



