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Isolation of Mannanase-producing Bacteria, Bacillus subtilis WL-6 and WL-11,
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Two bacterial strains producing extracellular man nanase were isolated from doenjang, a traditionally
fermented soybean paste in Korea. The isolates, WL-6 and WL-11, were identified as Bacillus subtiis
on the basis of their 165 rRNA gene sequences, morphological, and biochemical properties. Two genes
encoding the mannanase of both B. subtilis WL-6 and B. subtilis WL-11 were each cloned into
Escherichia coli, and their nucleotide sequences were determined. Both mannanase genes consisted of
1,086 nucleotides, encoding polypeptides of 362 amino acid residues. The deduced amino acid se-
quences of the two WL-6 and WL-11 mannanases, designated Man6 and Manl11, respectively, differed
from each other by eight amino acid residues, and they were highly homologous to those of man-
nanases belonging to the glycosyl hydrolase family 26. The 26 amino acid stretch in the N-terminus
of Man6 and Man1l was a predicted signal peptide. Both Man6 and Man11 were localized at the level
of 94 -95% in an intracellular fraction of recombinant E. coli cells. The enzymes hydrolyzed both lo-
cust bean gum and mannooligosaccharides, including mannotriose, mannotetraose, mannopentaose,
and mannohexaose, forming mannobiose and mannotriose as predominant products. The optimal re-
action conditions were 55° C and pH 6.0 for Man6, and 60° C and pH 5.5 for Manll. Manl1l was

more stable than Man6 at high temperatures.
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Fig. 1. Phylogenetic tree based on 165 rRNA gene sequence comparisons indicating the position of isolated strains, WL-6 and WL-11,
and related type species of the genus Bacillus. The tree was constructed using the neighbor-joining method with Clustal
V. Nucleotide sequences used for sequence comparisons are originated from AB325583 (NBRC 15535), KC510187 (Plantarum),
AB363731 (NBRC 15539), EF433410 (BCRC 11702), AB021191 (ATCC 51516), AY456263 (DSM 27), AB681259 (NBRC 100820),
AB681416 (NBRC 101234), AJ27635 (DSM 10), AB325584 (NBRC 101239), HQ223107 (BCRC 17634), AB021198 (BCRC 17183)

and EF433407 (BCRC 17467).



1116 BBULRIX| 2016, Vol. 26. No. 10

VL6 ———- MEKKHTISLL I TFLLASAVLAKPTEAHTVSPVNPNAQQTTKAVY

WL6  VLFRPLHEMNGEWFWWGLTSYNQKDNERISLYKQLYKKIYHYMTDTRGLDHLI

B102
AGI1
AIX0
0AZ6

WL6  LTALNKPFAFTEVGPQPANGSFDYSLF INAIKQKYPKTIYFLAWNDEWSPAVNKGASALYHDSWILNKGEIWNGDSLTPIVE 362

WL11
WL7
WL8
168
B102
AGI1
AIXO
0AZ6

NWLAHLPNRTENRVLSGAFGGYSHDTFSVAEADR IRSATGQSPATY 90

90
90
90
90
90
95
90
90

AMLSKIADGLQELENQGVP 185
185
185
185
185
185
190
185
185

PDANRDFKTDFYPGASYVDIVGLDAYFQDAYSINGYDQ 280

© 280
280
280
280
280
285
280
280

362
362
362
362
362
367
362
362

Fig. 2. Amino acid sequence comparison of the Man6 and Man11 with other mannanases. The amino acid sequences of nine man-
nanases from B. subtilis strains WL6 (WL6), WL7 (WL7), WL8 (WLS), WL11 (WL11), 168 (168), B10-02 (B102), SG6 (AIX0),
SRCM101280 (OAZ6), and B. pumilus Nsic-2 (AGI1) are indicated by the one-letter code. Residues identical to the amino
acid sequence of the WL-6 mannanase are indicated by asterisks in other sequences. Underlined amino acids indicate the
signal peptide. Numbers at the end of each line correspond to the amino acid position in the mannanases.
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Fig. 3. Effects of reaction temperature and pH on both Man6 and Manll activities of cell-free extract of recombinant E. coli.
Temperature profiles (-@-) were obtained by measuring the mannanase activities at different temperatures with fixed pH
6.0 for Man6 (left) or pH 5.5 for Manll (right). The pH profiles were obtained by measuring the mannanase activities
at various pH’s with a constant temperature of 50°C. Buffers (50 mM) used were as follows: sodium citrate (-O-), and

sodium phosphate (-V
2% between them.

-). Each curve represents the average of three independent experiments within standard errors of
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Fig. 4. Thermostability of the Man6 and Man11 in cell-free ex-
tract of recombinant E. coli. Thermostability was de-
termined by measuring the residual activities of Man6
(-O-) and Manl11 (-@-) after pre-incubations for 30 min
at the different temperatures. Each curve represents the
average of three independent experiments within stand-
ard errors of 2% between them.
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Fig. 5. Thin-layer chromatogram of hydrolysis products of -
1,4-linked manno-oligosaccharides and LBG galacto-
mannan with Man6. The reaction mixtures containing
the purified mannanase and mannooligosaccharides or
LBG in 50 mM sodium citrate buffer (pH 6.0) were in-
cubated for 5 hr at 40C. M1 to M6 represent mannose
to mannohexaose; E, Man6; MO, mannooligosaccharides
with a degree of polymerization 1-6.
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