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1
1.1
1.1.1 HMTSI15
( 8.5% pH
9.93), : Yeast extract 5 g

Polypeptone 5 ¢ K,HPO,1 g MgSO,.7H,0 0.2 g
NaCl 50 g 900 mL
10% Na,CO,100 mL.

5 g/L
10% Na,CO, .
1.1.2 :
; ; Protein
Assay BioRad o Axioskop 40
ZEISS ; DUB00
;AKTA FPLC
;Bio-Rad PowerPac
200 ; PCR
Eppendorf o
1.2
1.2.1 :KOH
1.2.2 4°C -50<C
HMTSI15 ;
pH ;
pH NaCl
0D,
1.2.3 : 8
HMTSI1S5 . N N N
1.2.4 10 g/L
2.d (0D,
1 o
1.2.5 16S rRNA : 16S
rRNA PCR

27f: 5"-AGAGTTTGATCCTGGCTCAGG3"; 1492r: 5°—
ACGGCAACCTTGTTACGAGTT3", PCR
GenBank BLAST

1.2.6 DNA G +C mol% DNA
Kim ° G + C mol%
(Tm )o
1.3
1.3.1 : DNS
a 0.5% 10 min.
1 pmol

1.3.2 BioRad Protein Assay
1.3.3 SDS-PAGE: " o
1.3.4 : o

4 °C o o

0.5%
60 C 15 min
0.1% 10 min 1 mol/L

NaCl o
1.4
1.4.1 : 1%
500 mL 37 €200 r/min

66 h 11000 x g
1.4.2 (NH,),S0,

10 min o

80% 4 C o 10000 x g 15 min
pH 8.0 50 mmol/L Tris-HCI
HiTrap desalting o
1.4.3
50 mmol/L pH 8.0  Tris-HCI DEAE
(DEAE GE )
Tris-HCI 0 - 1.0 mol/L NaCl
(50 mmol/L Tris-HCI pH 8.0)
2 mL/min
1.4.4
500 Lo 50 mmol/L pH
8.0  Tris-HCI Superdex 200 10/300 GL
(GE )
0.5 mL/min,
1.5
1.5.1 pH: 50 mmol/L pH
(pH4.0 -8.0 Na,HPO, - pH8.0 -8.5 Tris—
pH8.5 -10.5 NaOH pHI1.0 - 12.0

Na, HPO, - NaOH) pH
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. 100% . 2.0 pm —5.0 pm x0.5 pm - 1.0 wm .
1.5.2 35 C .40 C .45 C. o
50 €55 €60 C.65 C.70 C.75 C .80 C .85 C 2.2
o HMTS15 pH7.0 - 11.0
100% . pH  9.5; 10 C -
1.5.3 pH : 50 mmol/L 45 C 37 C; 18%
pH ( 1.51) 4 h NaCl 8% NaCl .
o 100% - 2.3
1.5.4 N 55 C. HMTS15 N
60 C.65 C 30 min. 60 min. 90 min. <Tween20.Tweend0 . Tween60 . Tween80 . N
120 min o N N
1.5.5 NaCl - HMTS15 R
NaCl o N N N N N N N
NaCl 100% . (1
1.5.6 1 HMTSI1S
2 mmol/L
5 mmol/L. 10 mmol/L. EDTA SDS 40 C Table 1  Different morphological and physiological
1h R characteristics of strain HMTS15 and related species
100% - Characteristics . Stains ;eSignaﬁons 3
1.5.7

GraphPad Prism 5.0

Km Vmaxo

2.1

HMTS15 « 1

1 HMTS15 (1000 x )

Fig. 1 Phase contrast micrograph of strain HMTSI15
showing the cell morphology (1000 x ). Bar 5 pm.

Temp. range for growth (°C) 10 -45 10 -45 15 -45

pH range for growth 7.0-11.0 8.0-11.0 8.0-11.0

NaCl range for growth (% w/v) 0-18 0-16 0-16
Hydrolysis of Starch + + _
Gelatin _ + +
Tweend0 - +

Tween60 - +

Utilization of

Lactose - w ND
Cellulose - + ND
Mol% G +C 40.0 39.2 42.4

Strains designations: 1. strain HMTS15; 2. B. agaradhaerens DSM8721

12 ; 3 B. clarkia DSM8720 12 . + positive - negative w weak
ND no data.
2.4 16S rRNA
HMTS15 Bacillus

NeighborJoining
Bacillus agaradhaerens DSM8721

99.2% (. 2).
2.5 DNA G +C mol%
HMTSI15 DNA T,
69.9 C G+Cmol% 40.0.
2.6

DEAE-sepharose fast flow
NaCl 0.4 -0.5 mol/L
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— 53 Bacillus alkalidiazotrophicus MS 6" (EU143680)
0.005 7 4' Bacillus pseudofirmus DSM 87157 (X76439)
ﬁ Bacillus alkalinitrilicus ANL-iso4" (EF422411)
%2 Bacillus taeanensis BH030017* (AY603978)

Virgibacillus sediminis DSM 19797 (AY121430)
1 100 — Bacillus clarkii DSM 8720" (X76444)
Bacillus polygoni YN-1T (AB292819)

47 Bacillus aurantiacus DSM 18675" (AJ605773)
70 Bacillus cellulosilyticus DSM 25227 (CP002394)
—99: Bacillu vedderi DSM 9768" (Z48306)
992 Bacillus agaradhaerens DSM 87217 (X76445)

strain HMTS15

97

wo—— Bacillus beveridgei DSM 22320" (FI1825145)
[

Bacillus selenitireducens DSM 15326" (AF064704)
Bacillus chagannorensis CG-15T* (AM492159)

[
100 Bacillus saliphilus DSM 154027 (AJ493660)

2 16S rRNA HMTS15
Fig.2 NeighborHoining phylogenetic tree based on 16S rRNA gene sequences showing the relationships between strain
HMTSI15 and related species. Accession numbers are shown in parentheses. The number at each branch point represents

the bootstrap percentages. Bar 0.5% substitutions per nucleotide position.

644.67 U/mg 11.7 24. 8% - 65 °C 30 min 60%
3, ( 40); pH6.5 - 11.0
M 1 2 3 4 5 4 h 65% ( 4-
ke R = D); NaCl 15% NaCl
no—hq. 50% ( 4-EX). EDTA
Mg’ " .Ca*" SDS

45— ~ 2
1 — <—About 45kDa ( ) °
35— v
2 -EDTA.SDS
25— .. - Table 2 Effect of metal ion EDTA and SDS on

activity of the mannanase from strain HMTS15

Metal ion/agent Relative activity /%

18.4— IS FeSO, 49.99 +8.59
MnCl, 38.02 £9.35
MgCl, 103.17 £2.61
3 SDS—PAGE CaCl, 108.9 £6.96
ZnS0, 81.66 +11.07
Fig.3 SDS-PAGE and Native-PAGE of samples from different steps of ANO, 23:09 £ 13. 06
purification. 1. Culture supernatant; 2. DEAE-sepharose; 3. first HeCl, 29.37 +1.59
Superdex 200; 4. second Superdex 200; 5. Native-PAGE with activity PhSO, 100. 08 +6. 59
overlay. (CH,C00),Pb 70.03 £6.51
EDTA (5mmol) 31.79 £15.6
2.7 EDTA (10mmol) 37.07 +10.98
HMTS15 SDS(5mmol) 87.08 +4.47
pH 100( 4—A) 759 ( 4—B) . SDS(10mmol) 95.18 £4.18
55 °C 60 C 120 min HMTSI15
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Fig.4 Effect of some factors on the activity and stability of the mannanase from strain HMTS15. (A) pH profile; (B) Temperature profile; (C)
Thermal stability; (D) pH stability; (E) NaCl tolerance.

K 2.7 mg/mL V,

m max

pH

HMTS15

agaradhaerens
agaradhaerens DSM 8721
+C)mol%n .
DSM8721
8721
agaradhaerens DSM8721
HMTS15 pH7.0

HMTS15

pH 7.0

725 wmol/(mg*min) .

Bacillus

B.

(G
HMTS15
DSM
I B.

; B.

agaradhaerens DSM8721 +Tweend0
Tween60 HMTS15
. HMTS15

Bacillus agaradhaerens DSM 8721

o

1987 Akino T 7" Bacillus sp.
AMOO01
Bettiol ' Bacillus
agaradhaerens Ma Yanhe °
Bacillus sp. N16-5 Takeda N

Bacillus sp. strains JAMB-602
Hatade "* "
JAMB-750 0

Bacillus sp.

HMTS15
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3

Table 3 Overview of various characteristics of Alkaline B-mannanase

Organism pH opt pH stability Temp. (opt.) Thermal stability
B. sp. AM001 9.0 7.0-9.0 65 C 60 C*
8.5 8.0-9.0 60 °C 50 C*
B. agaradhaerens 8-10 ND 60 C ND
B. sp. N16 -5 9.5 8.5-10" 70 <C 60°C
B. JAMB-602 9 6-11° 65 C The halfdife was 2 h at 55 °C and 27 min at 60 °C
B. sp. JAMB450 10 6.0-10.5" 55 C The halfdife was 117 min at 50 C and 65 min at 60 °C
Strain HMTS15 10 7.0 -11 75 C 60 C

a. The enzyme solutions were incubated at various temperatures for 30 min. b. The enzyme solutions were incubated in various buffers at 50 C for 60 min.

c. The enzyme was preincubated at the indicated pH buffers either at 40 °C for 30 min or 4 °C for 24 h. d. The enzyme was preincubated at the indicated

pH buffers either at 40 °C for 30 min.

NaCl 15% NaCl
50%
- NaCl
’ Pantoea agglomerans
1 mol/L.  NaCl( 5.8%)
: Meenakshi »°
Bacillus sp. MG33
3 mol/L NaCl( 17.4%)
50% ;Mudau *

Wang '

Scopulariopsis candida strains LMK004 LMKO008
NaCl 15%
50%  80%
NaCl

8% NaCl

8.5%
NaCl 0 -8% NaCl

0 - 8% NaCl

70%
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Purification and characterization of mannanase from an
alkaliphilic mannanase producing bacterium HMTSI15

Tingting Liao' > Lei Zhai' > Chenghua Gao' > Yanfen Xue' Yanhe Ma'’

' Lab of Extremophiles Institute of Microbiology Chinese Academy of Science Beijing 100101 China
? Graduate School of Chinese Academy of Science Beijing 100049 China

Abstract: Objective To isolate and identify an alkaliphilic mannanase producing bacterium purify and characterize
mannanase thereof. Methods Mannanase—producing alkaliphilic bacterium HMTS15 was isolated by alkaline agar with
konjak from water sample of Hamatai Lake in Inner Mongolia China. The morphological biochemical and physiological
characteristics and 16S rRNA gene were analyzed to identify the taxonomic position of strain HMTS15. Mannanase
produced by strain HMTS1S5 was purified by four steps including (NH,),SO, precipitation cellulose DEAE-sepharose
twice Superdex 200. The enzyme properties including optimal temperature optimal pH thermal stability pH stability
NaCl tolerance metal ion tolerance EDTA and SDS tolerance were tested. Results Strain HMTS15 was Gram—positive
rod. Its growth pH ranged from 7. 0 to 11. 0 and growth temperature ranged from 10 C to 45 C. The G + C content of the
DNA was 40 mol% . Phylogenetic analvses based on 16S rRNA gene sequence comparisons indicated that strain HMTS15
was a member of Bacillus. The extracellular mannanase from strain HMTS15 was purified as a single band with molecular
weight of about 45 kD on SDS-PAGE. The optimal catalytic activity was showed at 75 C and pH 10. The mananase was
stable up to 60 °C and retained about 60% residual activity at 65 °C for 30 min. The ions Fe’* Mn’" Co’" Zn®’
Ag’ Hg’" and EDTA inhibited the acitivity of the mannanase. Conclusion Polyphasic taxonomy revealed that strain
HTMS15 was a new member of Bacillus agaradhaerens. The alkaline mannanase produced by strain HMTS15 hold the
valuable property in stability at high temperature and broad range of pH.

Keywords: Alkalophilic Bacillus Alkaline mannanase polyphasic taxonomy purification properties
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