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To reduce the size of 5.0kb HindIII fragment containing g - xylosidase gene, the 5.0kb insert
of pAX278 which was previously cloned was reduced by various deletions and thus 1.4kb EcoRI-
Xbal fragment was subcloned into pUC19, and the recombinant plasmid was named pAK208. The
B -xylosidase activity of E. coli harboring pAK208 was higher about 1.3times than that of pAX278.
For the improvement of £ -xylosidase activity, we cloned and expressed the J -xylosidase gene in
. coli using vector pKK223-3 containing a potent tac-promoter, and enzyme activity of the trans-
formant harboring pKHR212 was increased about 3.3 and 1.8 times than that of E. coli (pAX278)
and Bacillus sp. K-17, respectively. To obtain better expression of 2 -xylosidase gene, the whole
5.0kb HindIII fragment was recloned into pC*94, and the Bacillus sp. K-17 transformant harbor-
ing the recombinant plasmid pCX174 showed higher activity than that of the E. coli (pAX278) and
Bacillus sp. K-17, respectively. The characteristics of enzyme purified from transformants were

consistent with those front alkalophilic Bacillus sp. K-17.

Xylan is one of the main components in plant
biomass and account for nearly 30% of total sugar in
some plant. Microbial degradation of xylan to xy-
lose is thus important for the use of agricultural
wastes. Xylan can be degraded to xylose by the se-
quential reaction of xylanase (1,4- g -D-xylan xylano-
hydrolase; EC 3.2.1.8) and g-xylosidase (1, 4- 8 -D-
xylohydrolase; EC 3.2.1.37) (1,2). g -Xylosidase de-
grades not only xylobiose but also xylooligosaccha-
rides. Alkalophilic Bacillus sp. K-17, which isolated
previously, produced two types of xylanase and a g-
xylosidase. Although £ -xylosidase from Bacillus
subtilis and Bacillus pumilus was reported to be lo-

cated in intracellular compartment, our strain secret-
ed B -xylosidase into the medium (3). We have started
to clone the genes for xylan degradation to elucidate
gene structure and to develope the strain producing
greater amount of A -xylosidase(3). In this paper,
first, we performed the subcloning to reduce the
5.0kb insert size of pAX278 which was previously
cloned. Second, for the purpose of increasing 2 -
xylosidase activity, we recloned the subcloned frag-
ment into pKK223-3 containing tac-promoter and ex-
pressed in E. coli. Third, the entire 5.0kb HindIII
fragment of pAX278 cloned and expressed in

" alkalophilic Bacillus sp. K-17, which is the gene
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Table 1. Strains and plasmids used in this experiment.

Strains and plasmids  Relevant properties

Strains

Bacillus sp. K17
producing strain isolated in
our lab.
A(lac pro), thi, strA, supE,
endA, sbeB, hadR-, F'' traD36,
proAB, lacl?, Z AMI15, r-, m+

E. coli IM109

Plasmids

pUC19 Amr, lacZ

pC194 Cmr

pKK223-3 Amr, tac-promoter

pAX278 Amr, Tes, xynB+

pAK208 pUC19 containing
EcoRI-Xbal
fragment of pAX278

pKHR212 pKK223-3 containing EcoRI-
Pstl fragment of pAK208

pCX174 pC194 containing HindIII

fragment of pAX278

source strain, using vector pC194.
Materials and Methods

Bacterial strains and plasmids

Bacterial strains and plasmids used were show
in Table 1. E. coli IM109 was used as the host for
transformation done in this experiment. Alkalophilic
Bacillus sp. K-17, which isolated previously, was used
as a gene source strain(2). Plasmid pUC19 was used
as a vector for subcloning of £-xylosidase gene, and
plasmid pKK223-3 and pC194 were used as vectors
to increase enzyme activity.

Media and growth conditions

E. coli was grown routinely at 37°C in LB medi-
um (10g Bacto tryptone, 5g yeast extract, and 10g
NaCl per I/ of deionized water, pH 7.4). MacCon-
key agar was used as a selective medium for selec-
tion of E. coli transformants. Alkalophilic Bacillus
sp. K-17 was grown at 45°C with shaking in alkaline
medium containing 10g xylose, 5g polypeptone and
2g yeast extract. The pH of the medium was adjust-
ed to 10.3 by adding 10% Na,CO; which was
separately sterilized.

Hyper-xylanase and S-xylosidase
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Isolation of plasmids
For plasmid isolation, the method of Birnboim
and Doly was employed (4).

Transformation of E. coli and Bacillus sp. K-17

Transformation of E. coli with plasmid was car-
ried out by calcium chloride treatment previously
described (5, 6). Transformation of Bacillus sp. K-17
was done as previously described (7, 8).

B -Xylosidase assay and localization

The activity of B -xylosidase was measured with
PNPX (p-nitrophenyl- 8-D-xylopyranoside) in 50
mM phosphate buffer (pH 7.0) (3). The reaction mix-
ture, composed of 1 m/ substrate solution (1mg/m/)
and | m/ properly diluted enzyme, was incubated at
40°C for 10 min. The reaction was stopped by
addition of 2 m/ of 0.5 M Na,CO; and the opti-
cal density of p-nitrophenol released was measured
at 410 nm. Fractionation of £ -xylosidase were per-
formed by the method of Cornelis et al. (9).

Subcloning of £ -xylosidase gene

The subcloning was carried out according to the
method described previously (6, 10). The 5.0kb in-
sert DNA of pAX278 containing B -xylosidase gene
was digested with one or two restriction enzyme, and
the resulting fragments were analyzed by agarose gel
electrophoresis (11). The recovered fragments were
ligated with pUC19 by T4 DNA ligase at 15°C for
16 hours. The ligated DNA was transformed E. coli
JM109 and transformants were selected on LB-
MacConkey agar plates containing proper antibi-
otic (ampicillin; 50 w«g/m/, chloramphenicol; 12
¢ g/ml). Ampicillin-resistant and white- color form-
ing colonies were toothpicked onto LB plates con-
taining antibiotics and | mM pNPX. After incubat-
ing at 37°C, yellow-color forming colonies were
selected as the B -xylosidase producing strain.

Enzyme purification
Purification of A -xylosidase was done as pub-
lished previously (1, 3).

Results and Discussion

Subcloning of £ -xylosidase gene
A hybrid plasmid pAX278, consisting of the
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Fig.1. Strategy for subcloning of £ -xylosidase gene (pAX278) in pUC19.
E; EcoRI, H;HindIIl, B; Bglll, X; Xbal, Pv; Poull, P; Pst]

5.0kb HindIII chromosomal fragment of alkalophilic
Bacillus sp. K-17 and pBR322, contained the 8-
xylosidase gene. Fig. 1 shows a restriction map of the
5.0kb insert in plasmid pAX278. The pAX278 plasmid
was digested with one or two restriction enzyme, and
the restricted fragments were ligated with pUC19 dig-
ested with the same enzyme. The ligated DNA was
used to transform the competent cells of E. coli JM-
109. The white-color forming cells were assayed for
B-xylosidase activity. Asshown in Fig.1,several dele-
tion derivatives were constructed by ligating the pu-
rified fragment of pAX278 and pUC19, and E. coli
transformants harboring them were selected on LB
medium containing ampicillin and ImM pNPX. The
derivative plasmid pAK205 was constructed by ligat-
ing the Bg/lI fragment of pAX278 to the same site
of pUCI19, but no 8 -xylosidase activity was observed
in the transformant. When the Xbal-HindIII fragment
was subcloned (pAK206) into pUCI19, the enzyme ac-
tivity of E. coli carrying pAK206 was also not de-
tected. For derivative pAK207, EcoRI fragment of
pAX278 was ligated into pUC19, and now the E. coli
transformant harboring the pAK207 produced active
B -xylosidase. The E. coli transformant carrying the
recombinant plasmid pAK208 containing EcoRI-
Xbal fragment produced also the same value of g -
xylosidase with that of the E. coli (pAK207). From
the above results we could know that the HindIII-
Xbal region was necessary to express g -xylosidase
gene. Finally to confirm the more precise location
of B -xylosidase gene, when the Bg/lI-Xbal region
was deleted, the enzyme activity was not detected. It
is clear from the various deletions that the 1.4kb
HindIII-Xbal region contained complete g -
xylosidase gene indicating the locus of g -xylosidase
gene within the whole 5.0kb HindIII fragment. Fig.
2 shows the electrophoresis pattern of plasmid

123456 78

Fig. 2. Agarose gel (1%) electrophoresis of the
pAK208 containing EcoRI-Xbal subfragment.
Lanel; pUC19, Lane2; pAX278 (EcoRI, Xbal), Lane3;
ADNA (HindIIl), Laned4; pAK208, Laneb; pAK208

(Bglll), Lane6; pAK208 (EcoRI, Xbal), Lane7; pAK208
(EcoRI, Xbal), Lane8; A DNA (HindIIl)

pAK208.

Cloning into E. coli expression vector, pKK223-3

The £ -xylosidase activity of E. coli transformant
having pAX278, which was constructed firstly, was
lower than that of the gene doncr strain, alkalophil-
ic Bacillus sp. K-17 (3) as in the case of Bacillus pu-
milus (12) and Bacillus subtilis (13) published previ-
ously. Thus we attempted to clone the EcoRI-Xbal
fragment to the expression vector pKK223-3
containing tac-promoter, to increase the expre-
ssion efficiency of g -xylosidase gene. The EcoRI-
Pstl fragment of pAK208 was ligated under the
downstream in pKK223-3. This recombinant plasmid
was named pKHR212. pNPX and IPTG (isopropyl-
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Fig. 3. Agarose gel (1%) electrophoresis of the
pKHR212.

Lanel; pKK223-3 (EcoRI), Lane2; pAK208 (EcoRI,Pstl),
Lane3; A DNA(HindIIl), Lane4; pKHR212, Lane5;
pKHR212 (EcoRI, Pstl)

beta-D-thiogalactopyranoside) were added to selec-
tive medium for the purpose of selecting 8 -xylo-
sidase producing transformants. Fig. 3 give the
electrophoresis pattern of pKHR212, As shown in
lane 6 and 7, EcoRI-Pst] fragment of pAK208 was
revealed to be inserted at the same site in pKK223-3.
The g -xylosidase activity of E. coli harboring
pKHR212 was increased about 3.3 and 1.8 times than
that of E. coli(pAX278) and Bacillus sp. K-17, respec-
tively. It was concluded from the result that the tran-
scription of B8 -xylosidase gene was under control of
a tac-promoter on pKK223-3, and thus the enhanced
B-xylosidase production was caused by the promo-
tion of A -xylosidase expression.

Cloning and expression in alkalophilic Bacillus sp.
K-17

To obtain better expression of 8 -xylosidase gene,
the whole 5.0kb HindIIl fragment of pAX278 was
cloned and expressed in alkalophilic Bacillus sp. K-17
using plasmid pC194. Panbangred et al. (12) report-
ed the molecular cloning of g -xylosidase gene from
Bacillus pumilus,but no g -xylosidase gene was
cloned and expressed in gene source strain. Because
vector plasmid pC194 had only HindIII restriction
site, the entire 5.0 kb insert of pAX278 was ligated
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Fig. 4. Agarose gel (0.8%) electrophoresis of pC194,
pCX174 and pAX278, transformed to Bacillus sp.
K-17.

Lanel; pCX174, Lane2; pC194, Lane3; pAX278, Lane4;
A DNA (HindIII)

with pC194 and this newly constructed recombinant
plasmid was named pCX174. Fig. 4 shows agarose
gel electrophoresis pattern of pC194, pCX174 and
pAX278. In order to introduce plasmid pCX174 into
alkalophilic Bacillus sp. K-17, optimal conditions for
transformation were obtained (data not shown).
Generally it has been reported that specific activity
of the most E. coli and Bacillus carrying an hybrid
plasmid was lower than that of a donor strain, but
the recloning of the whole 5.0kb AHindlII fragment
into Bacillus sp. K-17 resulted in the 2-fold increas-
ing of the enzyme activity. The most of g -xylosidase,
which is an extracellular enzyme in the donor strain,
was also secreted into the medium.

B -Xylosidase activity of E. coli and Bacillus sp.
K-17"harboring recombinant plasmid

The comparison of B -xylosidase activities
produced by transformants of Bacillus sp. K-17 and
E. coli IM109 is shown in Table 2. As shown in Ta-
ble 2, the most of g -xylosidase was secreted into the
medium, although g -xylosidase from Bacillus pu-
milus (13, 14) and Bacilus subtilis (15, 16) was report-
ed to be cellular or cell bounded enzyme. There are pos-
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Table 2. Distribution and activity of the 8 -xylosidase
in E, coli® and Bacillus sp. K17 carrying recombinant
plasmids.

Strains and plasmids # -xylosidase activity (mU)

Extracel- Peripla- Intracel-
lular (%) smic (%) lular (%)
E. coli (pAX278) 280(93) 20( ) 0
E. coli (pAK208) 380 (90) 58 (10) 0
E. coli (pKHR212) 930 (91) 180 (9) 0
Bacillus sp. K17 b
(pCX174) 1040 ND ND
Bacillus sp. K17 510 ND ND

a. E. coli and Bacillus sp. K17 were aerobically
grown in LB+ pNPX (2mM) for 24hr and 48hr at
37°C and 45°C, respectively

b. ND: not determinec.

sibilities that #-xylosidase gene itself posseses an un-
cleaved signal sequence, and that g -xylosidase
produced from transformants is fused with other
secretion protein and passed through the cell mem-
brane (17, 18). To make this problem clear, more pre-
cise experiments are required, such as identification
of the mRNA, the secretion mechanism of £ -xylosidase,
the DNA sequencing of £ -xylosidase gene and so on.
In Table 2, the enzyme activities of E. coli harbor-
ing plasmid pAK208 or pKHR212 were increased
about 1.3 and 3.3 times than that of pAX278, respec-
tively. For plasmid pAK208, it seems that the increas-
ing of enzyme activity was caused by reduced size of
5.0kb insert DNA. Especially, g -xylosidase activi-
ty of alkalophilic Bacillus sp. K-17 harboring pCX174
was enhanced about 2.0 times than that of Bacillus
sp. K-17 which is a gene source strain. It was shown
that 8 -xylosidase gene from Bacillus sp. K-17 was
better expressed in gene source strain than in E. coli.

Characteristics
transformants
Characteristics of enzyme produced from both E.
coli (pAK208 or pKHR212), Bacillus sp. K-17
(pCX174) and Bacillus sp. K-17 were compared in
Table 3. In the results, optimal temperature of 8-
xylosidase from transformants was 45°C and was sta-
ble at 40°C for 30min. Optimal pH was 7.0. Molecu-
lar weight was 51,000 by 7.5% SDS-polyacrylamide
gel electrophoresis. The above results were consis-
tent with the value obtained from the purified § -

of enzyme purified from
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Table 3. Properties of 8 -xylosidase produced by E,
coli IM109 carrying pAK208 and pKHR212.

E. coli E. colx Bacillus
(pAK208) (pKHR212) sp. K17
Optimal pH 7 7 7
Optimal temp. 45°C 45°C 45°C
pH stability 6-10 6-10 6-10
Thermal stability  40°C 40°C 40°C
(30min.)  (30min.)  (30min.)
Molecular weight 51,000 51,000 51,000
Km value 0.43mM 0.43mM  0.45mM
pNPX pNPX pNPX

xylosidase of Bacillus sp. K-17 (3). Thus, we could
know that g -xylosidase produced from transformant
was derived from alkalophilic Bacillus sp. K-17.

2 o

Hz7 F23 B-xylosidase FAA T 50kb
Hindlll A¥& T83he pAX 2789 insert 271&
Zol7] $13le} subcloning-& A A, 14kb
EcoRI-Xbal A o] subcloning 51¢lem °]& pAK
208 & 3l Plasmid pAX 2080l <3 34
35 A TEL F-xylosidase T4l pAX 2784 7
Lwch oF 134 Z/519n =3, B-xylosidase &
AL Z7A717] dste] AHE fac-promoter &
74 pKK 223-3 plasmid vector & o]-g-3ted oiA¢
ol cloning % #3AZ % ¥, pAX278% 714 o
AF BRAABZAS FAA source T A
Bacillus % K-17 ol »)3led 242 oF 339 % 18w
9 B84 Z75 Vel AA 5.0kb Hindlll
AML cloning 8t  Bacillus % K-17 ¢l L3 4]3]

& 42t 3749 W 20909 B-xylosidase AF
78 Bgeh, 2 gEARAZEE AR g-xylosi-
dase o) #48AH EBEAS Bacillus % K-173 79
R A

Acknowledgement
This research was made by the generous grants

from the Ministry of Education, for which the
authors are deeply grateful.

References

1. Panbangred, W., A. Shinmyo, A., S. Kinoshita



288

10.

and H. Okada: Agric. Biol. Chem., 47, 957-963 (1983).

. Kang, 1.8:Ph. D. thesis, Gyeongsang National

University, Chingu, Korea (1985).

. Sung, N.K., I.S. Kang, H.K. Chun, T. Akiba and K.

Horikoshi: Kor. J. Appl. Microbiol. Bioeng., 15,
267-272 (1984).

. Birnboim, H.C. and J. Doly : Nucleic Acids Res., 7,

1513-1522 (1979).

. Lederberg, E.M. and S.N. Cohen: J. Bacteriol., 119,

1072-1074 (1974).

. Maniatis, R., E.F. Fritsch and J. Sambrook:

Molecular coning, Cold Spring Habor Laboratory, T.
Man, (1982).

. Immanaka, T., M. Fugi, I. Aramori and S. Akiba:

J. Bacteriol., 149, 824-830 (1984).

. Cohen, S.N.,, A.C.Y. Chang and L. Hsu : Proc. Natl.

Acad. Sci., USA, 69, 2110-2114 (1972).

. Cornelis, P., C. Digneffe and K. Willemat: Mol. Gen.

Gent., 186, 507-519 (1982).
Bolivar, R., R.L. Rodriquez, P.J. Green, M.C. Be-

11.

12.

13.

14.

15.

16.

17.

18.

Kor. J. Appl. Microbiol, Bioeng.

tlach, H.C. Heynecker, H.W. Boyer, J.H. Crosa and

S. Falkow: Gene 2, 95-113 (1977).

Southen, E.M.: J. Mol. Biol., 98, (1975).

Panbangred, W., T. Kondo, S. Negoro, S. Negoro,

A. Shinmyo and H. Okada: Mol. Gen. Genet., 192,

335-341 (1983).

Bernier, R. Jr, H. Driquez and M. Desrochers: Gene.,

26, 59-65 (1983).

Panbangre., O. Kawaguchi, T. Tonita, A. Shinmyo

and H. Okada: Eur.J. Biochem., 138-267 (1984).

Diche, Z. and E. Borenfreud: J. Biol. Chem., 192, 538

(1951).

Horikoshi, K and T. Akiba: Alkalophilic

microorganism, A New Microbial World, Springer

Verlag, New York (1982).

Kudo, T., C. Kato and K. Horikoshi: J. Bacteriol.

,156, 949-952 (1983).

Immanaka, T., T. Yanaka, H. Tsunekawa and S.

Akiba: J. Bacteriol., 147, 776-786 (1981).
(Received April 8, 1989)



