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High-Level Expression of A Bacillus subtilis Mannanase Gene in Escherichia coli. Kweun, Min Al, Ji
Young Shon', and Ki-Hong Yoon'?*, 'School of Applied Food and Nutritional Science, *Bioresouce and
Application Research Center, Woosong University, 17-2, Jayang-dong, Dong-gu, Daejeon 300-718, Korea — The
gene coding for mannanase from Bacillus subtilis WL-7, a number of glycosyl hydrolase family 26, was
hyperexpressed in Escherichia coli. Two recombinant plasmids, pE7TMAN and pENS7, were constructed by
introducing the complete mannanase gene and the mature mannanase gene lacking N-terminal signal peptide
region into a expression vector pET24a(+), respectively. The level of mannanase produced by E. coli BL21
(DE3) carrying pENS7, which included the mature mannanase gene, was considerably higher than that by E.
coli BL21 (DE3)/pE7MAN. Almost mannanase produced by the recombinant E. coli carrying pENS7 at
growth temperature of 37°C existed as inactive enzyme of insoluble form. Growth at temperature below 31°C
increased the soluble fraction of mannanase having catalytic activity in the recombinant E. coli cells. The
highest productivity of active mannanase was observed in cell-free extract of the recombinant E. coli grown at
growth temperature ranging from 25°C to 28°C, while mannanase activity per soluble protein of the cell-free
extract was highest in the cells grown at 31°C.
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Fig. 1. Structure of expression plasmids pE7MAN and pENS7
containing the mannanase gene with or without N-terminal
signal peptide region. The 5-terminus of inserted gene on the
recombinant plasmids was presented by the corresponding amino
acid sequence. The restriction enzyme sites for introducing the
mannanase gene into pET24a(+) were indicated only. The arrows
indicate the direction of transcription.
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oH1].
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9] Th(data not shown). T 3}3j & ol = pETMAN®] 7 -
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Fig. 2. SDS-PAGE of the cell extracts of E. coli BL21 (DE3)
carrying pE7TMAN or pENS7. The recombinant cells carryng
pE7MAN (lane 1 and 2) and pENS7 (lane 3 and 4) were grown at
37°C for 0 h (lane 1 and 3) and 2 h (lane 2 and 4), respectively,
after inducing the mannanase gene with 0.5 mM IPTG. A mixture
of standard proteins was run in flanking lane M. The molecular
mass was represented to the right side of the gel.
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Fig. 3. SDS-PAGE of the cell extracts of E. coli BL21 (DE3)
carrying pENS7 grown at 37°C. The total (lane 1, 4, and 7),
insoluble (lane 2, 5, and 8), and soluble (lane 3, 6, and 9) fractions
of cell extracts were prepared from recombinant E. coli cells
grown for 0 h (lanes; 1~3), 2 h (lanes; 4~6), and 4 h (lanes; 7~9)
after induction of mannanase gene with IPTG. A mixture of
standard proteins was run in flanking lane M. The molecular mass
was represented to the right side of the gel.
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oF5133S o IPTGel o) pebdalsl 7o vehdei1].

g IPTGE #7138k 4X7F wfjofst - dAlspde] 4=
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Fig. 4. SDS-PAGE (upper) and mannanase zymogram (lower) of the cell extracts of recombinant E. coli BL21 (DE3)/pENS7. The
total (lane T), soluble (lane S), and insoluble (lane P) fractions of cell extracts were prepared from recombinant E. coli cells grown at
different growth temperatures for 4 h after induction of mannanase gene with IPTG. Molecular size of standard proteins (lane M) was

indicated to the left side of gel.
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Fig. 5. Mannanase productivity of E. coli BL21 (DE3) carrying
a recombinant plasmid pENS7. The enzyme productivity was
determined by measuring mannanase activity of cell extracts of the
recombinant E. coli incubated for various times at growth
temperatures such as 21°C (-[]-), 25°C (-l -), 28°C (- V-), 31°C
(-V¥ ), 34°C (-O-), and 37°C (- @-). The incubation times were
counted after addition of IPTG into the culture.

e, ol Aoz 310 wiokel FA T eo] 54
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Fig. 6. Effects of growth temperature on mannanase
productivity of E. coli BL21 (DE3) carrying pENS7. The
enzyme productivity was determined by measuring mannanase
activity according to total amount of proteins in cell-free extracts
of recombinant E. coli grown at different growth temperatures for
4 h after inducing the mannnase gene with 0.5 mM IPTG.
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Glycosyl hydrolase family 269l 48} Bacillus subtilis
WL-7 mannanases FE3h= F4RE d)AolA o) b
skl obv)e ko] signal peptideZ E3FsP v Z3t
812 k2 mannanase TAANE Z7F pET24a(+)0l] £33}
Az3F F=fAn|= pETMANZ} pENS7E Al 23519} o5
Eekau| =5 @73l Escherichia coli BL21(DE3)9l A
mannanases L3 A7) A3} signal peptide} A AE
mannanase AR W aFe] |-~ =9k}, vt wjeke-
= 37°Cell A pENS7E- R Axg eiAdolA e 2
%% mannanase:= HH-o] E3HA |2 EAsieion,
MFEES 31°Ce| 312 319l-E W 483} 3ele] Fasko
S7FslHAM B o] okt PTG <ls) wHaE Az
g AARre] TR s Foll EA13H= mannanase
AL wjekes 25°C~28°Cell A 71 Egkon]| A s
FE 710 E E u= wioFe % 31°Cell A m1E o] 71
o Ae® #ERIEH.
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