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Abstract: Seventeen endophtye strains were isolated from soybean seeds by enrichment culture, and
three endophyte strains producing B-mannanase were screened using Congo red dye method. By the
shaking-flask culture, a strain of bacterium with the highest enzyme activity of 54.59 U/mL was ob-
tained, and it was identified as Bacillus subtilis by the analysis of morphological, physiological and

biochemical characteristics and 16S rDNA sequences. Enzymic properties of the B-mannanase revealed
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that the optimal temprature and pH were 30 °C—50 °C and 7.0, respectively. The enzyme activity still

remained 68% when the enzyme was treated at 50 °C for 2 h; and more than 64% enzyme activity was

remained after 1 h treatment at pH 5.0-9.0. In addition, the enzyme can be activated by Zn*", Co*",

Ba®", K*, and Ca®" which has the most significant effect on the enzyme activity to improve 31% of ac-
tivity. But, Mn*" and EDTA could inhibite the enzyme activity.

Keywords: B-mannanase, Soybean, Bacillus subtilis, Enzymatic properties
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B-H &8 B () 3R DR L T 5 B A T R 1 SRS D R
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Ji, W 4B B T 5 EDTA fE7E B Y B-H 52 Bl
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Fig. 1 Hydrolyzed circle caused by f-mannanase
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1 13.72 U/mL., HH ik HD, V- B ] AT
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mE 2 Fis,
2.3 HD, BHHIEE
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Fig. 2 Enzyme activity of secondary screening strains

1 472 bp, GenBank %55 4 HQ329104. BLAST [t
Xf &% B HD, H9 16S rDNA #5115 2 7 kT 12 Jm 41 1 41
IR R, I Clustal W #00F 518 © %0 19 bkt
TLHE MG, F MEGA 4.0 M R5 LB,
4 iz, WK HD SR ZF A I B. subtilis K&
BT, FIRMEIR 99%., SRR FH RS CF WA &
GrisEFM ) A (AR KRR ST ) , s
HD, BIESHFE . 85 IR RRE S AR B A AL AR AR I o 55
FRAEEGIR (R 1), VIH HD, PR 58 Rl 7L 2
TAFF & Bacillus subtilis .

bp 1 M bp

2500

1472 1500

3 HD, #9 16S rDNA 1 1 =4 i 5k &
Fig. 3 Electrophoresis of amplification of 16S rDNA of HD,
Note: M: Marker; 1: Amplification of 16S rDNA.

=1 HD, FAEIBAE WIS

Table 1 The physiological and biochemical characteristics 0f HD;
7 i FH BRFEE 2T H WRAEE 2T H AR AR
Items Characteristics . Items Characteristics Items Characteristics
JEAR PR o ) T KHER .
Shape Rod . Methyl red i Hydrolysis of starch
T L mErE ) WAL N
Spore Production of H,S Gelatin liquefaction
e N o1 8 i _ KA N
Gram stain Lecithinase Hydrolysis of casein
AL S . 15 °C A N A .
Catalase Growth at 15 °C Usage of xylose
V-P JZ i . 50 °C 4k N A H g2 N
V-P reaction Growth at 50 °C Usage of mannose
HARER I it . 7% NaCl /£ . A A% N
Nitrate reduction Growth at 7% NaCl Usage of glucose
ik 2 R 51 i 8 10% NaCl 4: K . 1) FH BT LA A N
Decomposition of tyrosine Growth at 10% NaCl Usage of arabinose
Fria iR £ I . pH 5.7 4K N
Usage of citrate Growth at pH 5.7
mg| e = A _ pH 6.8 ZE K N

Indole production

Growth at pH 6.8

Note: +: Denote positive reaction; —: Denote negative reaction.
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38 Bacillus subtilis (AF318900)
Bacillus subtilis (HM802140)

83

HD, (HQ329104)

99
Bacillus subtilis (EU257435)

Bacillus licheniformis (AF492486)

Bacillus pumilus (AY548949)

Bacillus firmus (X60616)

Bacillus cereus (AJ577291)

Bacillus coagulans (X60614)

Bacillus circulans (Y13064)

Paenibacillus lentimorbus (EF190506)

Paenibacillus popilliae (AF071859)

100
47
91
91
92
100
P
0.01

Brevibacillus brevis (DQ444285)

4 E#k HD, 89 16S rRNA EE ARG L E W
Fig. 4 Phylogenetic tree for 16S rRNA sequence of HD,
Note: Bar: 1% nucleotide divergence. Those in parentheses are the GenBank accession number.
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Fig. 5 Effect of temperature on enzyme activity
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Table 2 Effect of temperature on enzyme stability

- 5 )
2 Relative enzyme activity (%)
Temperature (°C)
30 min 60 min 90 min 120 min
30 96.76 89.63 81.63 72.69
40 95.90 84.87 73.87 68.10
50 96.33 88.21 70.21 68.72
60 93.34 57.04 12.11 5.56
60 r
50 r
40 t
2
2
Z 30
£
Q
£
g 20
m
10 r
0

pH

6 pH XEEIE 77 RY 200 £
Fig. 6 Effect of pH on enzyme actility
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100 r =
80 E3

60 |

40 r

Relative enzyme activity (%)

20

5 6 7 8 9
pH

7 pH X BEIEISE MR G
Fig. 7 Effect of pH on enzyme stability
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Fig. 8 Effect of ion and EDTA on enzyme activity
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3 ik
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4 N A B ) L RS BB, A B 22 D AR B R IR Y T R
PEAE TR B R B AR . N AR R BT
5 BRI SV I A 30 °C—50 °C, HLA G J1ka
SE, 1€ pH 5.0-9.0 HH5 9 1 31 AR A 55 w8 1) il 10
FkssEE, RUZEE Tt p-H #5 RpEG, Xt
FEPE N AR AL Tl £ S AT b R R LR 55 T 1
FHBEE 1 HeAil . AWESE 5B 0 N AR TR 5 [R] 27 rp e
B-H % Tt 114 400 s TR PR A LU S AR X R ), A
U PRI AN, A o B AR T 1% it 305 7 1 28
FHB BRI — 2508, (AA] DI i 17548 & Rl
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