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Purification and Characterization of a Recombinant Thermo-
stable f-mannanase from Thermotoga maritima

ZHANG Min JIANG Zheng-Qiang* LI Li-Te

(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083)

Abstract: A B-mannanase gene (TM_1227) from Thermotoga maritima MSBS8 was cloned and expressed in
E.coli. The recombinant B-mannanase was purified and characterized. The gene consists of 2010 bp, and the
translated protein encodes 669 amino acids and its molecular mass is approximately 76.827 kD. Homology
analysis of the deduced amino acid sequences showed that the enzyme shared 99% identity with
B-mannanase from Thermotoga sp. RQ2. The mannanase activity was up to 39.7 U/mg after the recombinant
E. coli BL21 was induced by IPTG. Crude enzyme solution was purified to homogeneity by Ni-NTA agarose.
Its optimum temperature and pH was 95°C and pH 8.0 respectively for LBG. The enzyme remained over
50% activity after treated at 85°C for 30 min. The above properties showed great potential of its application
in paper industry. The mannanase hydrolyzed copra mannan and LBG to give various sizes of oligosaccha-
rides, and almost no mannose was detected by TLC, which was suitable for mannooligosaccharides produc-

tion.
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B-1,4- (EC 3.2.1.78)
, [1] [2]
[3].
(Thermotoga
maritima) 80°C, 1999  Nelson
[4]
TM 1227  GenBank B-
Chhabra
p- “
1 MRS
1.1 EZERF
(Sigma); ( 90 , WIw)
( ); ( )i
Ni-NTA agarose(Qiagen); [6]
1.2 EHkREEFEELE DNA BYRE
[6]
1.3 HEREBER=E
MSB8 TM 1227
pET-28a(+) P1
5'-CCATGGGTAGATTTATGTTCATTTT-3' (
Nco ); P2 5'-_AAGCTT

CATACCTCCTGTTCTTTTAT-3' ( Hind
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) DNA , PCR
94°C 5 min; 94°C 30 s, 58°C 30 s, 72°C 2 min, 30
72°C 10 min [6]

14 BHEAMFSRE
(50 mmol/L, pH 8.0)

1.5 BEEFERIRE /N E N SDS-PAGE

B- DNS [T
0.9 mL 0.5%(W/V) (50 mmol/L pH 8.0 MOPS),
0.1 mL, 70°C 10 min,
DNS , D-
V) )
1 pmol D-
1
Lowry
SDS-PAGE 10 ,

45 ,

1.6 EHB-HEREIHLA L

10 mL 0.22 ym , 0.1 mL/min
(50 mmol/L, pH 8.0 R
0.3 mol/L NaCl, 20 mmol/L ) Ni-NTA
agarose (1 cmx5 cm), 1 h;
1.0 mL/min
s 60 mmol/L S
60 mmol/L~200 mmol/L R
s 0.5 mol/L
1.7 EHB-HEREHBAEFIER
pH 70°C
pH (50 mmol/L) (Citrate

2.5~6.5; Acetate 4~5.5; MES 5~7; Phosphate 6~8;
MOPS 6~8.5; Tris-HC1 7~9; CHES 8~11; CAPS 9~11),

B

pH;
, 70°C 30 min, 30 min
pH ; pH
pH 30°C~100°C
; pH
30 min, 30 min

50 mmol/L pH 8.0
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MOPS 1 mmol/L
70°C

1.8 EAB-HEREMA KM =%

30 min,

0.5%, 50 mmol/L pH 8.0
MOPS 70°C 10 min,
DNS
5 mmol/L
1.9 EAB-HERIEMAIKESIE
Jiang 81 R
50 mmol/L pH 8.0 MOPS , 70°C
TLC (60F 254, E.Merk, ) 2:1:1
- - 2,
5% , 130°C

2 GREWR
21 B-HEREBERGRENRL

Pl P2 T™M 1227
2kb ()
, Neo  Hind , (2010 bp)
pMD 18T  (2692bp)( 1)

M1 2 3

bp
2690

2010 bp
1882

1 EHBRREEY] R IKE

Fig. 1 The recombinant plasmids digested with Ncol and
HindIII

M: A-EcoT 14I digest Marker; 1,2: Ncol, HindIIT

3: PCR

M:A-EcoT 141 digest Marker; 1,2: Recombinant plasmids digested
with Ncol and Hindlll; 3: PCR products

NCBI >
Parker B-

(GenBank

Parker

Y17980.1) 99

Thermotoga sp. RQ2

27  Thermotoga petrophila RKU-1
(GenBank

TRQ2 1591

AY033477.1)

Thermotoga neapolitana
CP000969.1

CP000702.1 Tpet 1542
99 94 81 3
Bacillus licheniformis ATCC

14580 5 (GenBank
CP000002.3 BLO01229 ) 67

Bacillus stearothermophilus f-1,4-
(GenBank AF038547.2) 66
B- pET-28a(+)
Hind BL21 ,
PCR ) )
30.5 U/mL , 39.7 U/mg

Ncol

( 2), 77 kD

5

> >

Thermotoga sp. RQ2  Thermotoga petrophila RKU-1

M 1 3

2

45— -

=

B2 ELHEHH SDS-PAGE RIK[E

Fig. 2 SDS-PAGE of the recombinant f-mannanase

M: ; 1: BL21-pET28(+) 528 ;38

M: Low molecular weight standard; 1: BL21-pET28(+) control;
2: Crude lysate; 3: Pure enzyme
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Thermotoga neapolitana pH 8.0, pH 7~10 ,

(GenBank ACB09927.1 ABQ47550.1 pH 3B, pH
AAKS53459.1) 99 95%  84%, 4.5~10 , 70°C ,
GenBank 30 min 0%

54 pH >
22 EHB-HEREIAIAK
’ b- 4A,
€2 95°C, 100°C 89
1 , 16.6%, ’
39.7 U/mg 243.9 U/mg, ; » 90°C
6.1 34 , 85°C 57
23 B HEREBHOIS R 4B,
pH 3A, pH 70°C , 30 min

*1 EHHp-HERMEEBANLE

Table 1 Summary of the recombinant f-mannanase purification

Purification
Steps Total protein (mg) Total activity (U) Specific activity (U/mg) Yield (%) (fold)
Crude lysate 1227.6 48722.9 39.7 100 1
Ni Ni-NTA 33.2 8098.8 243.9 16.6 6.1
- A -phosphate - ®-acetate -m-MOPS - - Tris-HCI -A- MES - - CHES -0- CAPS -x- citrate
100 r B 120
80 100
x o
) SN L
v 260 F = 80
& 2 g
23 Z5 60t
= ® Q
=< L = &
Ev 40 X o
= g zZ = 40 F
—_— <
[>) | —
20 £ 20F
0 . : . . ! 0 . . : : !
2 4 6 8 10 12 2 4 6 8 10 12
pH pH
3 E4YH p-HEEEEASE pH(A)F pH IREEB)
Fig. 3 Effect of pH on the recombinant f-mannanase activity (A) and stability (B)
A 100 B 120
< 807 o
s s
2 2
22 o) 25
&5 &35
= & = &
= o = o
=z 407 =2
= =
& &
20
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El4 EHPp-HEREBHREREQIMBEEREME®B)

Fig. 4 Effect of temperature on the recombinant f-mannanase activity (A) and stability (B)
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85°C 50 , PpNP-B-Galactopy-
ranoside oNP-B-Galactopyranoside pNP-f-Mannopy-
, ranoside pNP-B-Fucopyranoside s
Thermotoga neapolitna 5068
pH 6.9, pH ,
Strepotmyces ipomoea pH *2 EHEP-HEREENEDESY
7501 O]; Table 2 Substrate specificity of the
(9.11-13] ) recombinant f-mannanase
' , Thermotoga neapolitana 5068
90°C~92°C" EE Specific Relative
’ Substrate activity(U/mg) activity (%)*
243.9 100.0
pH , Locust bean gum
X 288.4 118.3
Konjac powder
s Chhabra 51
141.3 57.9
Guar
SDS  WRK Li’ > Copra mannan 188.9 74
68.6% 50.9%  49.1%, , Co™* it B b 1309 70
Na* Mg2+ Fe2+ K* EDTA NBS De-fatted copra powder
100%
> 33.5% 22.4% Note: The activity for locust bean gum was defined as 100%
19.4% 11.1% 10.4% 22.1% 19.7%; Cu** Zn*
NP Ag G Het N 25 BEp-H BRI KRS
, 16.7% 28.1% ’
37.8% 43.1% 56.7% 66.6%; Sr** DTT
, 5
C 3,
WY34 Mn*" Mg*"  Ag' ,
, 50 B 5H Ag" Hg" Fe** 6 , ,
M4 1 mmol/L  5mmol/L  Cu** Zn®*" Fe*'
Fe** Dictyoglomus thermophilum Rt46B.1
131, (Mn?*  Ca®"
Cu’* Mg>" Na" Fe** Zn’") EDTA sH
Aspergillus sulphureus ’ [14]
[2]
24 EAP-HERBMOEYIT R ’ ’
2
(100 ), 1183 4
20 [15] ’
57.9 57, > ,
CMC
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A B
H#& % Mannose — - ® o < H# B Mannose
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1% =B Mannotriose — e . W < & = Mannotriose
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Fig. 5 Thin-layer chromatography of hydrolyzate of copra mannan (A) and locust
bean gum (B) by the recombinant f-mannanase
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WP S S
“Mn 0 24 024 0 12 24 Mn Mn 0 30 2 6 12 24 Mn
— min__ h
M2 M3 M4 ] M5

El6 =fPpHEREBKBHEFEREN~NERERE
Fig. 6 Thin-layer chromatography of hydrolyzate of mannooligosaccharides (A and B) by the recombinant f-mannanase
M2 M3 M4 M5

Note: M2, M3, M4, M5 indicates mannobiose, mannotriose, mannotetraose, mannopentose, respectively

3 & ’
5 -
(TM_1227) - -
, 95°C pH3o, 2 F X M

> [1] Sunna A, Gibbs MD, Chin CWJ, et al. A gene encoding a
s ; novel multidomain B-1,4-mannanse from Caldibacillus
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