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RRARERBZBAXLTRESEHREFART  ANERLTREpDHE . 2 EE T BAEHN
BNYARABE PHE £EEFRARABERENNEREIRGYa; A RAERAR L8R
A&, F 37 C.160 r/min 3£ H 3 48 h, BEX 2519.35 U/mL; MR EHRMBAEA 55 C. %
EAER pHAEA 7.5, £ pH 7.5 8% 4k & F,55 CR & 60 min BE5H 50%698E ). Ca®* A &
EWA A AN EER,2REERA IR,
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Studies on Protease Production Conditions and Enzyme
Characterizations of Neutral Protease-Producing Strain Bacillus BX-4

XIAO Huai-giu', LIN Qin-lu*?, LI Yu-zhen!, ZHAO Mou-ming?
(1. Food Science and Technology School, Hunan Agricultural University, Changsha 410128, China; 2. Food and
Biology Technology School, South China University of Technology,Guangzhou 510640, China)

Abstract; A strain producing neutral protease was obtained from soil by diluted plated method and
was named BX-4. Optimal fermentation medium was obtained through studying carbon
resources, nitrogen resources and implementing orthogonal experiment. The effects of initial
pH, metal tons and inoculum amount on protease production and the effects of temperature, pH
surface-active agent on protease stability were studied, Protease activity reached 2 519. 35 U/mL
under the conditions of 37 'C,160 r/min ,48 h in the optimal fermentation medium. The optimal
acting temperature and pH of this enzyme are 55 'C and 7. 5 respectively. Protease could maintain
half-life at 55 C incubation for 60 minutes in 7. 5 buffer solution; Ca’* and surface active agent
could activate protease activity but the effect is not so obvious.
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FTHEAMERRERANTENAT I LA
EFENBEORHN TATRERS . EANER
ARAKFR BEARHENBERUREGRITTFA
-9 BHA BASR TR RO R
U MEYEFENARRTBEAFERKE
FEMEBEARAEEREREENERS. B,
BEEERR AFELRUREXR B HE T RE
BN, ANEHA T RS pHESRHE
F BB BB EURBE.)HE.SRE
F IR I X AR E .

1 #HE5H*

1.1 H#

1.1.1 &4 ek BX4 AEERERER
ML B a8 B, ) 5 % 58 I FHATFHE (Ba-
cillus).

1.1.2 4% SAEBRAKERE RESEF
%(g/dL):EﬁK’E} 2, G983, ﬂﬁ 3, KH, PO,
0. 03, Na, HPO, » 12H,0 0. 4, ZnCl; 0.1,pH {HiA
HESL.0.

1.2 A&

1.2.1 AE4&#4 BEHSOmLERAMERTX
BREEE I3 (300 mL) 1, F 37 'C.160 r/min ##
BRI%SE 48 h,

1.2.2 Ea&EHaEF%k Folin-BHENY.
1.2.3 &% Frs FRBAHENER MeSO,,
NaNO, ,Fe, (SO, );  KNO; , CaCl, , ZnCl, , BE £, 0. 1
mol/L f§ Mg?* Na* .Fe** K+ .Ca®* ,Zn?*.

1.2.4 BX-4 ABHFHWHHFL

D BERBRE.: 4 o/dL HEE . EHE.E
KB TER HRE, 0.5 g/dL BAKIR
WLEERRAFMA 0.4% Na, HPO, « 12H, 0,
0.03% KH,PO,.0.1% CaCl,, ¥ pH {58 = 8.0,
HFEBER, BLEREK NWELERELEH
i 11, LARBGE 77 W AR AE R 1815,

2) BERFRRR UEXRBEIRE. ERE
BHRFMA 4 g/dL HEHR. 4 RAE.EB K.
(NH,),SO, .KNO, .NaNO; fE h BRI, HFEHE
B4 B B g Sk A B AR .

3) BRABE R AR &I U ERBIERRE,
RESRENRR IMBERBEERB T, B
EXRRHERE=HBEFERT.

4) EBRBEFHEHHER . ERBERETH
0.1 mol/L AR & BE T, REHTREHES,
WE L EBREARESD, UEAME N ARE.

5) BeAp xR W . 4 B B E RS B

AN 2N BN AN SHEFELREHTREBERESR

REER ZBKXILEELOR BB EEABE
A.

6) B pH EX =AW B REEEFEH
BRAR pHE, KB B ZEEFRFVEELRH
&Ah.

1.2.5 BE2HAHR

1) MECEEFREMNIR BRBEHEES 5
¥ 44,45,50,55,60,65,70 CTR M . MEHE LW
&7, AR BE R85 AL R , M XY BEIE A AL ARFE .

2) BiBGE pH ERBIR: 43 EHAR pH &
(3.0~10. 0) B9 1% M T BE R ¥ W, 1 Folin-By st
PR A WS TWE, UL pH BB LR, LAES B
¥ RO\ BT AE B GRL A pH B 3. 0~5. 0 MR Wil
Nz, HPO, — 17 B E B Fi il , pH fE 6. 0~8.0 Y
WA B S P ECH , pH 9. 0 BB B ERE vh
W%, pH 10.0 F1 pH 10. 5 I —NaOH & b
WEHD

3) MAREENTR.: BHRBHBBT 5 C
BEEKBHR 42 5R R 10,20,30,40,50,60 min,
W5 TS FL TR A RS A, LA IR Sh B A AR, A 0 B
AP RIRIEE.

4) pH M BAREHRR: ¥ 1 oL BEA
pH 7.5 SR ED 100 mL, F 55 CHRIFRER
40,45,50,55,60,65,70 min, RAFMEHLREEH
BEIE 7, AR 3R B (RD O % A A, AH X BB IR R A 4R
fEH.

5) £ BB T EREENE M. ERBBRT
MAOC 1 mol/LAFLBET 1 mL, £ 30
min, WEEAME N, UL BB FIRLE.EQ
B35 1 A BARAERA. '

6) REFHWEN N BERNE W EREHB
BHEMARFRERBRYERTDEER Tween-80(1~5
mL),F 40 C{RE 30 min, RAGWEREBEEWE
71. Bh Tween-80 BN E NHE 4R, BIE 1 WP 245
fEH.

2 BREHH

2.1 REEKUGX BN
2.1.1 FRABANFHHYH  FRGEN=H
CEALEIWE SEE NV ES S Yo
ERER, B LIS N R, BO5 R M
FEBRE.

2.1.2 RALKASZHBOYH FRAENZEH
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Tab. 1 The effects of various carbon resources on protease-

producing
REM¥E  KpHME BOWEN/
Lig: 23 -7.92 271. 56
HEw 5.15 230. 64
it 4.50 287. 22
X8 5. 65 368. 72

22 FAMBXMNFMOER
Tab.2 The effects of various nitrogen resources on protease-

ME2AUBH, L4 g/dL SHRERENE
¥R (452. 96 U/mL). H KN NaNO;, k342, 24
U/mL, Z 7T /e FAFLEER . 1 T Na* BB5 R 41 M AR
WINBBENBE, TEYEAKBERBL AN
HIShBE , BP9 51 38 3 R A S AR A I T M AR 9 A5
Y, UATHRRRIERBANEEENEMLE
AR, A A T RARANE R R
HMYENTMRBRELERPEABN=R. 5
S, B E X R EBEATRES FRE™Y
0 BEL 38 BT 5 1 AR A .

2.1.3 RAAZKAHOYH RABLEXR
BREEKPRARI RAKLEXRRRITRRL

producing x4, »
HER 2 4 pH {§ ﬁﬁjﬁ,ﬁ?/ £3 BEALETZBRARKER
Tab.3 The orthogonal experiment design factors and level ta-
NaNOs 7.26 342.24 ble of carbon and nitrogen ratios
KNO, 8.00 126. 48 R
(NH,).SO, 6. 00 81.84 AF ACEXW g/dL) B(EPHH ¢/dL) CBKE g/dL)
ghte 7.53 452. 96 1 2 2 1
ENE 5. 96 230. 64 2 4 3 3
E4=):3 5. 90 63. 24 '
M4 BEMLEEZRRGHTSE L(2°)
Tab,4 The orthogonal experiment design for carbon and nitrogen ratios L, (2°)
wwe ) 5 axs ¢ axc  Bxc A
1 11 1 1 1 1 1 1229.52
2 1 1 1 2 2 2 2 1 357.62
3 1 2 2 1 1 2 2 1 208.17
4 1 2 2 2 2 1 1 1 421.67
5 2 1 2 1 2 1 2 1 309.58
6 2 1 2 2 1 2 1 1 202. 83
7 2 2 1 1 2 2 1 1 245.83
8 2 2 1 2 1 1 2 1 293.57
K 5 216.98 5 099. 55 5 126. 54 4 993.10 4 934.09 5 254. 34 5 099. 85
K7 5051.81 5 169. 24 5 142.25 5 275. 69 5 334.70 5 014. 45 5 168. 94
kY 1 304. 25 1 274.89 1 281. 64 1 248.28 1233.52 1 313.59 1274.96 2.=10 268.79
ks 1 262.95 1292.31 1 285. 56 1 318.92 1 333. 68 1 253.61 1292.23
H®ER 41. 30 17. 42 3.92 70. 64 100. 16 59.98 17. 27
HRuFE A, B, C

R K NERES KPEXRTNNNZREBHRZH L K K WFHEBER ﬂaﬁﬂt{ﬁ'—iﬁd%ﬁZ%
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ARAF . THREQHFRATYE BX- B EH AN EFHR 45

HEXRITURH AR CHTBEHENE
ZHRHRARZ . BRXBEREB/M AH/ERTL
B BE.ERMAEERR. FEEXBER
KDARFERN:C>ASB. RAAEH A B.C s ik
FR:2 g/dL EXH8.3 g/dL TP .3 g/dL kKL,
B 0. 4 g/dL Na, HPO, - 12H, O, 0. 03 g/dL
KH,PO,,0.1 g/dL ZnCl,, pH ##¥ £ 8. 0. F &
RERAMEY.

2.1.4 2EBEFHOYH EBRBTH™EH
R, LA 1.
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Fig. 1 The effect of metal ions on protease production

MNE 1B, B Fe* 5 TAMNERE T
X E E A MEER, K L Zo® o P B0
fe s, Bk 1 800 U/mL L E. B EFE
BRI ERBEEFRE P M ZnCLAE K7 R #
HF.
2.1.5 R#pHUAMN &S Y ME2TLE
W, EREK pH EXN=BAE R KK P W pH
8. ORY Xt =B B A I, BB % 1358 2 519. 35 U/
mL, B 7= B SO &t pH ER 8. 0.

30001

)
&
S 2000F
.R
;s
B/ 1000
o
L
L 1 ol 1 1]
°5 6 7 8 9 10
R iBpHE

B2 E%ApHENFROKE

Fig.2 The effect of initial pH on protease production
2.1.6 RAZFAARIHNSFHOYm HE3
AT LUE ), B A R B4 B0 7 B R R K.
MY 200, REIE By » BT LA B EE B R (R 3K
H2%.

2.2 BIBEHHR

22,1 SREARERE HHRBHEBEIHTA

FBETRME—BNE.MEXBEOBEN. SR

RA 4.
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Fig.3 The effect of inoculum on protease production
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Fig. 4 The optimal acting temperature of the enzyme

M 4 TTLAE H4,55 CREE MR R 1 45~60
CHBIFNREN, BRIEEAEER 55 C.
2,22 HREHAAPHA KBRBHEHEATAR
PHEMNZWRER P RN —BAE, REHNEHR
EOMEN.ERALE S NE S TUEH, % pH
7.5 BY R BLAE R A EEE 1 B, B LB BGEfE A pH
{EHN 7.5.
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Fig.5 The optimal of acting pH the enzyme

2.2.3 HBARIARE BEET 55 CRE L,
20,30,40,50,60,70 min J5, 3% Folin-BHt 5l &
BOEEN SR LE 6. |

ME 6 TR, BRI EEEE. 755 CRE
45 min {RFFIE 50 % 5 N, HARB AT EK E 60
min REKAH . BENSRTREREEREED.
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5 4 4 B K F R

#2u%

2.2.4 pHistss#BE MG B0 W 1 mLHAE
B pH 7.5 BB ES 100 mL 3F 55 CH5l
%18 40,45,50,55,60,65,70 min, REWMEHEH
BELO NETATUEN, EHEMERS, BRR
60 min JF{A 50% 8975 11, R IB BRI kS RE K B
70 min B}, 3 $AF HEEE TS AR R,
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Fig.6 The enzyme therostability
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Fig.7 The effect of pH on enzyme therostability

2.2.5 AEETHBREIRGYH ERBHE
BHRMAOC I mol/L AEHNEBRET I mL, AR
30 min, R /5% Folin- By WMERHME .58
A 8.
2500 T
2000 & B r
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500 F

& [ 83 71/(U/mL)
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Fig.8 The effect of metal ions on enzyme stability

S E L

ME 8 HAFH,Ca WA —ENMEER
MBEER. Fe N BARMOMBIER, HEH
MEARFHE—-SPR.

2.2.6 A@ERNAHRBIRGYH AREHE
B P ImARREREY Tween-80, %R 30 min, i

EHEOBEN.ERRAEKS.
x5 RERENMNBREENEG
Tab.5 The effect of surface-active agent on enzyme stability

Tween-80 Mk /mL B3 51/ (U/mL)
1 1 163. 60
2 1179.61
3 1 200. 96
4 > 1222.31
5 1 286. 36
] 1147.58

FEESENNEOMAREERL. YEMEY
5 mL Bt , B§iE s 1 286.36 U/mL, S ARE THE
12.09%. T Re/EAADLEL Y . R BN A A TR
MIERE A, — Bk MAEVEAKRE R
HOSMBE, BEE B M O TR A P T8 A B A S
EW EARRETRABRTEARN’].

3 % #

LR, BX-4 BIEFBIEFRER TN - XK
¥ 2 g/dL. S5 H 3 g/dL Bk 3 g/dL.KH, PO,
0. 03 g/dL, Na, HPO, » 12H,0 0. 4 g/dL, ZnCl,
0.1g/dL, pH 8.0, BIEEMERIEC A 2%, 8%
pH{EX¥ 8.0. Ca?*  K* Na".Zn®* Mg** 5t = B
FRMEER KB Zo™ KW =BEmEX,
Fe" M BMARNNEHEER. BBREERARE
H 55 C,BiEfEM pHEN 7.5, AR E BT,
EpH 7.5 kR $,55 CH R 60 min {3H 50%
MEES. C MM AREERE—EMEERH,
HAERABREAKRBEE. FEEMERN Tween-80 Xt &
WA —EMBEEA. KEHREY,BX-4 B—#
RIF B 7= P IR P MR T k.
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