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Production and Properties of a Bacillus subtilis Mannanase from Recombinant Lactobacillus paracasei.
Yoon, Ki-Hong*. Department of Food Science & Biotechnology, Woosong University, Daejeon 300-718, Korea
— A gene coding for mannanase (manA) from Bacillus subtilis was introduced into a shuttle vector pGK12
between Escherichia coli, B. subtilis and Lactobacillus paracasei. As a result of transferring the resultant plas-
mid, designated pGK12M3, into three different strains, the manA gene was found to be expressed in L. para-
casei as well as in B. subtilis and E. coli. In a 4 L fermentor culture, the production of mannanase by
recombinant L. paracasei (pGK12M3) reached a maximum level of 5.4 units/ml in an MRS medium with a
fixed pH 6.5. Based on the zymogram of mannanase, it is assumed that mannanase produced by recombinant
L. paracasei is not maintained stably with proteolytic degradation. The optimal temperature and thermostabil-
ity of mannanase produced by recombinant L. paracasei were also found to be different from those of

enzymes produced by B. subtilis.
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Fig. 1. Structure of recombinant plasmid pGK12M3 contain-
ing the manA gene (A) and hydrolysis of konjac by L. para-
casei transformed with pGK12 or pGK12M13 (B). In panel A,
the open bar indicates the Nael fragment that includes a B. subtilis
WL-3 manA gene and the thin line indicates a region of vector
pGK12. The structural genes for chloramphenicol resistance (Cm-
R), erythromycin resistance (Em-R), and mannanase (manA) are
depicted. The arrows indicate the direction of transcription. In
panel B, recombinant L. paracasei was grown on BCP plate con-
taining Cm (10 pg/mL) for 1 day, and then overlaid by konjac
plate. After incubation for 3 h at 37°C, the plate was stained by
congo red solution.
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Fig. 2. Growth and mannanase production of the recombinant L. paracasei in fermentor (A) and zymogram (B). In panel A, growth
(open symbols) and mannanase activity (closed symbols) in the culture filtrates of the L. paracasei carrying pGK12M3 were observed peri-
odically during growth in MRS medium containing Cm (10 pg/mL) with fixation of pH 6.5. Enzyme productivity represents the average of
three independent experiments. In panel B, concentrated culture filtrates were applied to 10% (w/v) SDS-polyacrylamide gel. Protein exhib-
iting mannanase activity was analyzed by activity straining with konjac as substrate and indicated by arrows. Lanes 1; L. paracasei
(pGK12M3), 2; B. subtilis (pGK12M3).
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Fig. 3. Effects of reaction temperature and pH on the mannanase activity (A), and thermostability of the mannanase (B) in culture
filtrate of L. paracase (pGK12M3). Temperature profile (open symbols) was obtained by measuring the mannanase activities at pH 5.5
and different temperatures. The pH profile (closed symbols) was obtained by measuring the mannanase activities at various pH’s and at a
constant temperature of 50°C. Buffers (50 mM) used were as follows: sodium citrate (pH 4-6), and sodium phosphate (pH 6-8). Thermo-
stability was determined by measuring the residual activities after pre-incubation at different temperatures for 1 h. Relative activity repre-
sents the percent compared with maximal mannanase activity.
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