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Abstract  An extracellular alkaline a-D-mannosidase produced by a strain named as MA-01
was produced and its preliminary enzyme activity was characterized. Upon determining the 16S
rDNA sequence and its homology search, the strain was identified to be one of species of the
Bacillus safensis. Localization of enzyme was elucidated that a-D-mannosidase can be found in
culture medium as an extracellular enzyme. In addition, partial enzyme activity of 63% compared
with the extracellular enzyme activity was observed in membrane protein. The optimal pH and
temperature of the a-D-mannosidase were pH 7.5 and 37°C,respectively.The KyjandV.valuesofthe
a-D-mannosidase in crude enzyme toward p-nitrophenyl-a-D-mannopyranoside were determined
to be 455.6 uM and 10.8 umole/min/mg of protein, respectively. To the best of our knowledge,
this is the first report described the alkaline a-D-mannosidase from the family of B. safensis.

Keywords : Bacillus safensis, a--D-Mannosidase, 16S rDNA sequence, Membrane protein,
p-nitrophenyl-a-D-mannopyranoside
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Figure 1. Determination of hydrolytic enzyme activity.
Smaples were prepared from the strain MA-01: extra; culture
supernatant, intra; supernatant after cell lysis, structure;
debris as membrane protein. For the determination of
enzyme activity, pNP-fucose (closed), pNP-mannose (grey)
and pNP-GIcNAc (opened) were used as the substrate. The
reaction mixture was incubated for 24 h at 37°C.
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Rank Name/Title Strain Accession Pairwise similarity Diff/Total
1 Bacillus safensis FO-036b(T) AF234854 100.000 0/862
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4 Bacillus altitudinis 41KF2b(T) AJ831842 99.536 4/862
5 Bacillus aerophilus 28K(T) AJB31844 99.536 4/862
6 Bacillus idriensis SMC 4352-2(T) AY904033 97.564 21/862
7 Bacillus vallismortis DSM 11031(T) AB021198 96.752 28/862
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Figure 2. Phylogenetic tree analysis of the strain MA-01.
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Figure 3. Measurement of poly-mannan degrading en-
zyme activity. A) 0.5% poly-mannan in culture medium
was used as sole carbon substrate. Enzyme activity from
the MA-01 in the supernatant of culture medium was
measured by reducing assay.
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Figure 4. Comparison of enzyme activity. The strain
MA-01 was pre-incubated for 12 h at 37°C in the pres-
ence of Poly-mannan. The supernatant was filtered using
0.22 pum filter, and its activity was determined by re-
ducing sugar assay (opened). Pellet as the bacterial cell
debris was used as membrane protein. pNP-mannose
were used as substrate. The reaction mixture was in-
cubated for 24 h at 37°C.
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Figure S. Kinetic properties of membrane protein from
MA-01. Enzyme activity was determined using poly-man-
nan as substrate at the following conditions: at 37°C and
pH 7.5 (a). Kinetics toward pNP-mannose were determined
using different concentration of the substrate ranging from
0 to 1 mM at 37°C and pH 7.5 (b), which were de-
termined using Woolf-Augustinsson-Hofstee plot (c) [14].

oA AAFH WHos YehHdtt [14]. 2zt

TFE gwdon ®el A F FURA,
Aol 714 & uls} 9]
AL w5 oYtk WA olol Al el shutel
 AGe, Bk Sol4st JEv] we AW
Ao fdn upebd, B ATelM AFsia
A s ATASlE TPATIA ach 94
B ed mE o 2 e g AUy, g

T ma B HA D BEAEHSH 54 A7
Mo AFANE BI s dok o7ME 7
B Hao] 717 Bolgue s1&ssth

ue

Bolfiz 4= 540z AE S B G4E A4
gbete Zlo®m RlEAT. HA wig Al FYH
A4gAdo] FRIEA Ggv 5SS Fdion,
B AT A 23 B safensis MA-01-2 poly-man-

nan¥} pNP-mannoses &3l3l= endo- 9} exo-type
o F /A ME gE 24a8HS Ad AEE B
safensis & ¥+ FOF EFIHUY. EE B. safensis
78] TFsAbolH|o] = (a-D-Mannosidase)ol| g A
AT A= B vk AT Bacillus & el
T mannan 3l EA4FC] thek SAdo] WA
[3.47,12], &% 840 724 543 HETH/F
gty EA vlael gk A7 AFUE FEEG
AEAoE, B dFdAE AMEL M=
2] A4t HAAAA LRt AbolHol= (a
-D-Mannosidase)& E&2 02 Aist= Al F2
AF FAES £HE, =Y Txex A<
poly-mannan®l] TIS|IAE &4 o] =2 AES

34 E4L gAY 5 AT

ZAkel 2

o] EEE YR Ao PP T
<=71'EA (Marine Biotechnology Program funded by
Ministry of Oceans and Fisheries, Korea) 1771 H]

Aol o3 FAH AU



J. Mar. Biosci. Biotechnol. 2015, p. 11-18

Vol. 7, No. 1 [Research Paper]

References

1. Li, Y. N, Meng, K., Wang, Y. R, and Yao, B. 2006.
A beta-mannanase from Bacillus subtilis B36: purification,
properties, sequencing, gene cloning and expression in
Escherichia coli. Z Naturforsch. C. 61, 840-846.

2. Ma, Y., Xue, Y., Dou, Y., Xu, Z., Tao, W., and Zhou,
P. 2004. Characterization and gene cloning of a novel
beta-mannanase from alkaliphilic Bacillus sp. N16-5.
Extremophiles. 8, 447-454.

3. Maruyama, Y., Nakajima, T., and Ichishima, E. 1994.
A 1,2-alpha-D-mannosidase from a Bacillus sp.:
purification, characterization, and mode of action.
Carbohydr Res. 251, 89-98.

4. Yang, P, Li, Y., Wang, Y., Meng, K., Luo, H., Yuan, T,
Bai, Y., Zhan, Z., and Yao, B. 2009. A novel beta-mannanase
with high specific activity from Bacillus circulans
CGMCCI1554: gene cloning, expression and enzymatic
characterization. Appl Biochem Biotechnol. 159, 85-94.

5. Hatada, Y., Takeda, N., Hirasawa, K., Ohta, Y., Usami,
R., Yoshida, Y., Grant, W. D., Ito, S., and Horikoshi,
K. 2005. Sequence of the gene for a high-alkaline
mannanase from an alkaliphilic Bacillus sp. strain
JAMB-750, its expression in Bacillus subtilis and
characterization of the  recombinant
Extremophiles. 9, 497-500.

6. Li, Y., Yang, P., Meng, K., Wang, Y., Luo, H., Wu,
N., Fan, Y., and Yao, B. 2008. Gene cloning, expression,

enzyme.

and characterization of a novel beta-mannanase from
Bacillus  circulans CGMCC 1416. J Microbiol
Biotechnol. 18, 160-166.

7. Nankai, H., Hashimoto, W., and Murata, K. 2002.
Molecular identification of family 38 alpha-mannosidase
of Bacillus sp. strain GLI1, responsible for complete
depolymerization of xanthan. Appl Environ Microbiol.
68, 2731-2736.

8. Yoon, K. H., Chung, S., and Lim, B. L. 2008.
Characterization of the Bacillus subtilis WL-3 mannanase
from a recombinant Escherichia coli. J Microbiol. 46,
344-349.

9. Yan, X. X., An, X. M., Gui, L. L., and Liang, D. C.
2008. From structure to function: insights into the
catalytic ~substrate specificity and thermostability
displayed by Bacillus subtilis mannanase BCman. J Mol
Biol. 379, 535-544.

10. Park, J. K. 2013. Purification and characterisation of
a novel alkalophilic a-D-mannosidase from Pseudomonas
fluorescens. Biocont Sci Technol. 23, 1324-1335.

11. Feng, Y. Y., He, Z. M., Song, L. F,, Ong, S. L., Hu,
J. Y., Zhang, Z. G., and Ng, W. J. 2003. Kinetics of
beta-mannanase fermentation by Bacillus licheniformis.
Biotechnol Lett. 25, 1143-1146.

12. Zhang, M., Chen, X. L., Zhang, Z. H., Sun, C. Y., Chen,
L. L., He, H. L., Zhou, B. C., and Zhang, Y. Z. 2009.
Purification and  functional characterization  of
endo-beta-mannanase MANS and its application in
oligosaccharide production from konjac flour. Appl
Microbiol Biotechnol. 83, 865-873.

13. Zhao, Y., Zhang, Y., Gao, F., Xue, Y., Zeng, Y., and
Ma, Y. 2008. Crystallization and preliminary X-ray study
of alkaline beta-mannanase from the alkaliphilic Bacillus
sp. N16-5. Acta Crystallogr Sect F Struct Biol Cryst
Commun. 64, 957-959.

14. Goo, B. B., Hwang, Y. J., and Park, J. K. 2014. Bacillus
thuringiensis: a specific gamma-cyclodextrin producer
strain. Carbohydr Res. 386, 12—17

15. Bradford, M. M. 1976. A radpid and sensitive method
for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem. 7, 248-254.

16. Smogyi,, M. 1952. Notes on sugar determination. J Biol
Chem. 195, 19-23.



