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A A, [869] 4k TGLL6 44 =B FHR R LB, #t—F THERANH. [F5]1 XA
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BRMRAE W EIE R A8h B, LiFREGBEE M 57.46 UImL i£3] 7 254.07 U/mL. Ba32 MR AR
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Production and characterization of extracellular protease from
biocontrol strain Bacilluslicheniformis TG116
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Abstract: [Background] Bacillus licheniformis TG116 isolated from Typhonium giganteum Engl is a
biocontrol strain with broad-spectrum against plant pathogens. [Objective] In order to optimize the enzyme
production conditions of TG116 and explore its enzymatic properties. [Methods] The optimization of
enzyme production conditions and the enzymatic properties of proteases were investigated by Folin-Phenol
chromogenic method and response surface methodology. [Results] The optimal enzyme conditions to
produce strain TG116 were temperature 40.83 °C, pH 8.01, and fermentation time 53.74 h and increasing
aeration could significantly enhance enzyme activity. After 48 hours of incubation under optimized
conditions, the protease activity of the supernatant reached 254.07 U/mL from 57.46 U/mL. The protein was
alkaline protease, with optimum pH 8.5, the optimum temperature 50 °C and it has good temperature and pH
stability. EDTA had strong inhibitory effect on enzyme activity and metal ions Mg®*, Ca®*, Na", Co*, K* also
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have showed a certain inhibitory effect. [Conclusion] Strain TG116 has great pH and temperature stability.
The proteases are not easily inactivated in practical applications, which can decompose the cell wall protein
components of fungi and destroy the cell wall structure, thus inhibiting and even killing pathogenic bacteria

to achieve antibacterial effects.

Keywords: Alkaline protease, Enzyme production conditions, Enzymatic properties
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W, 40°C 7K 10 min, H3# A 2 mL 0.4 mol/L =
RACTRLE RN, Zi#EE 10 min, 10 000 r/min
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% 1 Box-Behnken i®3&i& i+ E EZFakF

Table 1 Factors and level of Box-Behnken experiment
design

[ Factor 4if%7KF- Encoding Level
Temperature (°C) 35 40 45
Time (h) 24 48 72
pH 7.0 8.0 9.0

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2562 A 2 A

Microbiol. China

1.82 pH XIfgiE S BIF N

FEHBFR 9 pH 5.5-10.5 ZE ke, LA
0.5 WHEEE, FHRL pH B 1.0%EEE FH NIEY), %
Folin-Phenol i 4T+ 40 °C & & P RS /1.
183 REREM

BB AE 40, 50, 60 °C FfE IR KA T 433
{#iF 05, 1.0, 1.5, 20, 25, 30 h, ZMLEd 5
SRR KK, 4% Folin-Phenol 23T 40 °C
0 5 T 2 RS T o
184 pHEEM

POH R AE pH 3.0-11.0 BY2% higs vk Th ik i
B 31%, T 25°C 75 1 h J5f& Folin-Phenol 2 {a7%
T 40 °C I Tl AR TG 77 o
1.85 THFIEBEERF D

Srallc il E S 0.1, 0.3, 0.5, 0.7, 0.9,
1.0 mmol/L 1 EDTA. Tris. SDS¥W, AR5
SDS. Tris DL} 4 @ #5447 EDTA DL 0.1:2 By Ll 5
FHRIR A, T 40 °C v 10 min, % Folin-Phenol
AT 40 °C e 2 R RS .

186 &EBEFHEABNFN

il 0.001 mol/L WS E )RS+, Kasfhs:
J&E UL 0.1:2 B SERRIR A, T 40 °C i
10 min, #¥% Folin-Phenol & {472 40 °C 5 & 1 /il
fitFs 71 o
2 ZR 54
21 ZEEBfREMESEEONE
211 ZEBMetrEfhZ%

HE 1 A0, MEAPRERZ ¥Y=0.010 29X+
0.016 29, ZMEHIXZRE Ry 0.998 3, Lk R4T,
AT T TR 0
212 EHbEEEE

P 2 AT, SRR R R ELA I S A 2 K
e ). % 1.3 J7iE TG116 Ak A EESE, 7=
fifiH >N 57.4621.67 U/mL .

2.2 HFk TG116 RYF=BE &1L
221 GEEX TG116 F=figHI 5200

Pl 3 AT, 2 T 7 B I T e SR A

56 FIHE TRERI#aFY, 40 °C IHE MR, 30-50 °C

Z [ BB E . R E AT IR I, B
R AR IR R T PR AR BT B AN ], X B TR
WS IR, 7E 40 °C % HA I R E W,
HE MRS s E) TR .

1.0

081 Y=0.010 29X+0.016 29
R*=0.998 3
- 06f
g
041
0.2}
0.0 \ . . . ,
0 20 40 60 80 100

Tyrosine solution concentration (pg/mL)

Bl EEAmE#hZ

Figurel Thestandard curveof casein
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Figure2 Detection of protease activity in fermentation broth
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Figure3 Effect of temperature on protease activity
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Figure4 Effect of pH on protease activity
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Figure5 Effect of fermentation time on protease activity

224 FEFKRIAN TGL16 F=EERIR I
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(R v o ARG Pl fe i, 100 mL DL Az 150 miL 2 3%
IRFURN RS B B RRAC. FEARFM R, T
AN, 2T IR ERRRFE, T ILkEE
LA AN, TEIARMREEAR R, B Mt
2.3 NN ESEMLE TG116 Flg st
2.3.1 Design-Expert V8.0.5.0 i& i+ & 328645

iz JT] Design-Expert VV8.0.5.0 43 Bk, 1EHiA
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Figure6 Effectsof culturevolumeon protease activity

*2 MZEKEIRITER
Table2 Theexperiment designing result of response surface

P i I a] A5 B
T pH ) -
No. Temperature (B) Time Protease activity
(GONGY) (h) (©) (U/mL)
1 45 7.0 48 148.08
2 40 7.0 72 120.84
3 40 7.0 24 44.91
4 35 7.0 48 64.63
5 35 8.0 72 96.36
6 40 8.0 48 252.22
7 40 8.0 48 264.29
8 40 8.0 48 259.55
9 35 8.0 24 24.63
10 40 8.0 48 254.90
11 40 8.0 48 260.60
12 45 8.0 24 67.97
13 45 8.0 72 144.93
14 40 9.0 24 59.65
15 45 9.0 48 122.94
16 40 9.0 72 135.37
17 35 9.0 48 87.57
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232 [EVAERRYIE LTS
X 2 W R B T
VIR Y e A
B [ 75 (U/mL)=258.31+26.34xA+3.38xB+
37.54xC—12.02xAB+1.31xAC—0.053xBC—79.61xA*~
72.89xB?-95.23xC?,

AT [T Sy B 1o T 240, & 3 AT LU
Al BRI 3% (P<0.000 1), k4PN P=0.148 5,
DL IR 3, BIHBE, RFESIAER

WK, Hdh AL C. A% B2, C¥Xt TG116 il
SRR, IRFI 3 (P<0.000 1); Hik, AB ik
F) i % (P<0.05),,

M AT LI, R RR=0.997 3, fIEZ&

(IR 57 = e/ ]

#0.993 9, T F %% 0.968 8, THillI{HE 548 FE{H4E
MHEET, ULIZAR TG A, mT DL SR AN

T TG116 Ay fEr= 5514 .
2.3.3 REREMHHRING R E ST R
R4 TGL16 e fE = i 258 i [ml )5 Jy fE 55

®3 REFENN

Table3 Analysisof variance for the regression model

FIrAS B 25 5L, 15 BN [R] R 2 2 (8] 049 A 1 i 1 1A

d & 7 IR pH X TG116 & [ E 138 B3
M) Py oy T P 7A FTLAE R, Bl R L A T i
. BTG IS KGN, TR 40 °C Bk
KAE, FEE pH AURER, TS 7 H B0 K5
INIEAF, 1E pH i 8.0 Ik B A ; HiR A
B[] TGL16 2 1 B 77 28 52 Ml 4 e 1 1T 1 78
ATLVE Y, B TR 0945, TS 1 e K5 )N,
Wil 7 2 T2 B] 7 B il 7% 7 S K JF /)N, #E 48 h
PR B KB ; B pH AT A6 TG116 2 1 /1
2EH R e g T ] 7C AT RLE Y B pH IR
FIR TR B A SEAS , TG  35 S B LR S K D)
OFEE
234 MU EESHERIEIERE

1£ Design expert 10 xR #0 T~ , Frfs B

WifE RS R A 40.83°C, pH 8.01, &

g ] 53.74 h, MBS TR Tl (%) 5 K T R
264.24 U/mL .

T 2R S5 F H 75 F i PfE
Source Sum of squares df Mean square F value P value
Model 114 800.00 9 12 758.00 291.20 <0.000 1 significant
A 5550.89 1 5550.89 126.70 <0.000 1
B 91.60 1 91.60 2.09 0.191 4
C 11 275.51 1 11 275.51 257.37 <0.000 1
AB 577.92 1 577.92 13.19 0.008 4
AC 6.84 1 6.84 0.16 0.704 6
BC 0.011 1 0.011 25 160.00 0.987 8
A? 26 687.55 1 26 687.55 609.15 <0.000 1
B? 22 372.41 1 2237241 510.65 <0.000 1
c? 38180.93 1 38180.93 871.49 <0.000 1
Residual 306.68 7 43.81
Lack of fit 21541 3 71.80 3.15 0.148 5 not significant
Pure error 91.27 4 22.82
Cor total 1.151E+005 16
x4 BEREENN
Table4 Analysisof model R?
i f 22 SFA{E 7 5 R T 75 A B4 KIE R i R fEMEE
Std. Dev Mean CV. % PRESS R Adj R Pred R Adeq precision
6.62 141.73 4.67 3589.15 0.997 3 0.9939 0.968 8 46.767
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Figure7 Response surface plot and contour plot showing effects of protease activity
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Note: A: The three-dimensional response surface and contour plots of the interaction of temperature and pH on protease activity; B: The

three-dimensional response surface map and contour map of the interaction between temperature and time on protease activity; C: The
three-dimensional response surface and contour plots of the interaction of pH and time on protease activity.
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Figure8 Effectsof temperatures(A) and pH (B) values on protease activity
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Figure9 Effectsof temperaturesand pH values on protease stability
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Figure10 Effectsof metal ions (A) and denaturant (B) on protease activity
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