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Pullulanase gene (pul) of Klebsiella pneurnoniae NFB-320 which was cloned previously in Es-

cherichia coli with plasmid pBR322, The gene was
cloned gene was contained within a 10 kb BamHI

analyzed with various restriction enzymes. The
DNA fragment. We constructed the restriction

map of the hybrid plasmid pYKL451. The optimum temperatures for pullulanases produced in E.
coli (pYKLA451) and K. pneumoniae NFB-320 were almost the same, 50-55 °C. The optimum pHs for
the reaction of the enzymes produced by E. coli (pYKL451) and K. pneumoniae NFB-320 was 6.0.
Both enzyme preparations were stable under the range of pH 5.0 to 10.0 when those were kept at
40°C for 90 min and were stable until 40 °C when allowed to stand for 1hr at various temperatures.

Pullulanase (EC 3. 2. 1. 41, pullulan 6-glucano-
hydrolase) is a starch debranching enzyme which
cleaves glucose polymer at (1-6) glucosidic linkages
in amylopectin, glycogen, pullulan, and «-and
B -amylase limit dextrins (1-2). The majority of
starches which are of industrial importance contain
approximately 80° amylopectin. Pullulanase is
used to produce useful material such as maltose,
amylose, and glucose by debranching starch with
and without «-amylase, g -amylase or glucoamy-
lase(3).

Pullulanase is produced by a number of micro-
organisms including Klebsiella pneumoniae(4),
Bacillus cereus var. mycoides(5), Streptomyces
flavogenes(6), and Streptobacillus sp. (7). Pullula-
nase is of interest because the enzyme is produced

extracellularly by Gram-negative bacterium, X.
Dpneumoniae(8).

Previously K. pneumoniae NFB-320 which is
nitrogen fixing bacterium was isolated from the rhi-
zosphere of paddy field to study nif gene by Yu et
al(9). In addition to nitrogen fixing capacity, this
strain showed high pullulanase activity. As previ-
ously reported the pullulanase gene was isolated
from the bacterium, and was cloned into pBR322
vector in E. coli (10).

In this report, restriction enzyme sites on recom-
binant plasmid pYKL451 were determined. The
pullulanases which were produced in both E. coli
HBI101 (pYKL451) and K. pneumoniae NFB-320
were studied on their physical and chemical proper-
ties.
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Materials and Methods

Bacterial strains and culture media

The bacterial strains used in this study were K.
pneumoniae NFB-320 (9), E. coli HB101 (r—, m™,
F~, pro, leu, ala, gal, recA) and E. coli HB101
(pYKLA451) (10). The medium used was modified
L-broth consisting of 0.5% yeast extract, 1% tryp-
tone, 1% NaCl, and 1% pullulan. Ampicillin (50
g/ml) was added to culture broth for selection pres-
sure.

Preparation of chromosomal DNA and plasmids
Chromosomal DNA of K. pneumoniae was pre-
pared by the method of Saito ez al(11). According
to the method of Tanaka et a/(12), CsCl-ethidium
bromide equilibrium density gradient centrifuga-
tion was used to prepare plasmid DNA in a large
scale, and alkaline extraction method of Birnboim
et al(13) was used to prepare plasmid DNA rapidly.

DNA digestion and gel electrophoresis

Digestion of DNA with restriction endonu-
cleases was performed as described by Maniatis et
al(14). DNA was analyzed by electrophoresis in
agarose gel (0.8 to 1.2%). Electrophoresis was per-
formed at 100 V for 3 to 5 hr.

Pullulanase assay

Pullulanase activity was measured in a 0.6 m!/
reaction mixture consisting of 1% pullulan solution
in acetate buffer (pH 6.0) and enzyme solution. The
reaction was carried out for 30 min at 40 °C, and the
release of maltotriose was determined by the Somo-
gy-Nelson method(15). The effect of pH on the ac-
tivity of enzyme was investigated at various values
of pH (pH 4-6 acetate buffer, pH 6-8 phosphate
buffer, pH 8-11 glycine-NaOH buffer). Cell ex-
tracts obtained by sonication were assayed for in-
tracellularly activity.

Results and Discussion
Restriction mapping of recombinant plasmid

pYKL451
Recombinant plasmid DNA pYKILA451 was di-
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Fig. 1. Agarose gel electrophoresis of digested plasmid
DNA pYKL451 by various restriction enzymes.

lane A; Hindlll digested DNA

lane B; BamHI digested recombinant plasmid DNA
lane C; HindlIll digested recombinant plasmid DNA
lane D; EcoRI digested recombinant plasmid DNA
lane E; Xhol digested recombinant plasmid DNA
lane F; Pyul digested recombinant plasmid DNA
lane G; Auwal digested recombinant plasmid DNA
lane H; Pstl digested recombinant plasmid DNA
lane I; Smal digested recombinant plasmid DNA
lane J; Sall digested recombinant plasmid DNA

lane K; Pvull digested recombinant plasmid DNA
lane L; EcoRI digested DNA

gested with several restiction endonucleases and
subjected to gel electrophoresis. As shown in Fig. 1,
BamHI digestion of pYKLA451 yield three BamHI
fragments, 4.6, 4.5, 0.9 kb, in addition to pBR322
and estimated as being about 10 kb. This inserted
fragment had restriction enzyme sites for one Xhol,
Clal, two HindlIl, and several other restriction en-
zyme sites. No EcoRI site was found. Plasmid DNA
pYKIL451 was further analyzed by double digetion
to find out exact restriction enzyme sites. Double
digestion, Xhol-EcoRI, EcoRI-BamHI, EcoRI-
Hindlll, Xhol-BamHI, and Xhol-Hindlll, was
shown in Fig. 2. On the basis of Fig. 1 and Fig. 2,
each fragment size was shown in Table 1 and the
restriction map was constructed as shown in Fig. 3.
Pullulanase gene cloning from K. aerogenes in E.
coli was reported by Takizawa et ai(16).

According to that report, recombinant plasmid
pPB174 which harbored 10.5kb foreign DNA
showed a different restriction map from that of our
recombinant plasmid.
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Fig. 2. Agarose gel electrophoresis of double digested
plasmid DNA pYKL451.
lane A; Hindlll & BamHI digested pYKL451
lane B; HindIII digested pBR322
lane C; Sall & Xhol digested pYKL451
lane D; Hindlll & Xhol digested pYKL451
lane E; BamHI & Xhol digested pYKL451
lane F; Hindlll digested DNA
lane G; EcoR1 & Sall digested pYKL451
lane H; EcoRI & Hindlll digested pYKL451
lane I; EcoRI & BamHI digested pYKL451
lane J; EcoRI & Xhol digested pYKL451

Table 1. Restriction analysis of the recombinant
plasmid pYKL451.

restriction

enzyme molecular weight (kb)
BamHI 4.6, 4.5, 44 0.9
Hindlll 8.0, 4.8, 1.6
EcoRI 14.4

Xhol 14.4

EcoRI-BamHI 4.6, 4.5,4.0,0.9, 04
EcoRI-Hindlll 80, 4.4, 16, 04
Xhol-BamH]1 45,4.4,34,12,09
Xhol-Hindl11 8.0, 3.8, 1.6, 1.0
EcoRI-Xhol 10.6, 3.8

Effect of temperature on pullulanase activity
Pullulanase activity at various temperatures was
determined. Reaction mixtures of 0.5 M acetate
buffer (pH 6.0) and enzyme solutions (1:1) were in-
cubated at various temperatures for 30 min. The
highest relative activity was considered as 100%.
The experimental result was shown in Fig. 4. The
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Fig. 3. Endonuclease cleavage map of recombinant
plasmid DNA pYKL451. BamHI fragment containing
pullulanase gene fragment (closed thick line) was in-
serted into plasmid pBR322.

optimum temperatures of pullulanases produced in
E. coli (pYKL451) and K. pneumoniae NFB-320
were almost the same, at 50°C and 55 °C, respec-
tively. Some difference in optimum temperature for
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Fig. 4. Effect of temperature on the pullulanase activi-
ty of E. coli HB101 containing plasmid DNA pYKL451
and K. pneumoniae NFB-320.

® — o; the intracellular pullulanase of E. coli HB101
(pYKL451).

O - 0; the intracellular pullulanase of K. pneumoniae
NFB-320.
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Fig. 5. Effect of pH on the pullulanase activity of E. coli
HB101 containing plasmid DNA pYKL451 and K. preu-
moniae NFB-320.

® - @; the intracellular pullulanase of E. coli HB101
(pYKL451).

O - 0; the intracellular pullulanase of K. pneumoniae
NFB-320.

enzyme activity could be explained by using crude
cell extract.

Effect of pH on pullulanase activity

The variation of enzyme activity with pH is
shown in Fig. 5. The optimum pHs of the pullula-
nases produced in E. coli (pYKL451) and K.
pneumoniae NFB-320 were observed at about 6.0.
This result is similar to that of Aerobacter aero-
genes No. 105 reported by Ohba et al(17).

Thermal stability of pullulanase

The enzyme in 0.5M acetate buffér, pH 6.0, was
allowed to stand in an incubator for 1 hr at various
temperatures as indicated in Fig. 6. The residual ac-
tivity at 10°C was considered as 100%. Both en-
zymes were stable at below 40°C.

pH stability of pullulanase

The enzyme dissolved respectively in 0.005M
acetate buffer at pH 3-6, phosphate buffer at pH
6-8, and sodium hydroxide-glycine buffer at pH
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Fig. 6. Effect of temperature on the pullulanase stabili-
ty of E. coli HB101 containing plasmid DNA pYKL451
and K. pneumoniae NFB-320.
® - ®; the intracellular pullulanase of E. coli HB101
(pYKL451).
O - 0; the intracellular pullulanase of K. pneumoniae
NFB-320.
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Fig. 7. Effect of pH on the pullulanase stability of E.
coli HB101 containing plasmid DNA pYKL451 and K.
pneumoniae NFB-320.
® - o ; the intracellular pullulanase of E. coli HB101
(PYKLA451).
0 - O; the intracellular pullulanase of K. pneumoniae
NFB-320.
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8-13 were used.

After the enzyme solutions were kept at 40°C
for 90 min, the residual activities were measured as
previously described. Fig. 7 shows the pullulanase
stability of the enzyme. Both enzyme preparations
were stable under the pH range of 5.0 to 10.0.
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