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EERSIE. A 10g, FRF 3 g, NaCl5 g,
ZEMKEZSZE 1000 mL, pH 7.2~7.4, 121 CKH 20
min;

TR KRR THE 4g, BN 20g, K
4 0.1 mol/L [ NaOH 20 mL, ZEME/KEZZE 1000
mL, pH H#&, 121 CKH 20 min;

FERl R BN SR AL AR 10 g, HAGHE 10 g,
NaCl 10 g, THEZE 5 ¢, ZEIB/KESLZ 1000 mL, pH
Bk, 121 CKH 20 min,
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A OB S ICRUKIR BT T 105 IR G IR T
30 min $EIRIE SR, SRIGHE 1% HeF R BOR A0 A Z)
EAERIRIE, 7E 180 v/min, 35 CHIFRIKPE D1
12 h,

W X R IR T 10 RERREER RS, UK
FiRERB A TR 100 pL ¥R A1, 35 CHEFR 24 h, HRECH
[FIZE R BV E LB 3G 72 Falifb i A5 38 s
V- alifb I B TR VA K B e W 2 28 S e T TR R R Rt
i b, 35 CHEFR 24 ho BlJE, WETATERFE A H
PR, SEUEAT BRI B R ) B AR IEA TR

S TR R, FEEL 1% HERh R T
FERH R EREFRFE T, 76 180 v/min, 35 CHYFEIRHEZ
TR 2 d, BREERE OER R, e HEA
TG 7, O 1 R I T ) e v PR R RR AR R b
25738

1T S 7 0 . SR Folin- My I 5 25
PR BERS ) o 2R RS 2 IR . 7E 40 °C. pH
7.0 BISRMET, BRI K MR 53 B0h 2% s & T
™A 1 g g SRR P ils 2 R A 1SS ) o
fii (U/mL) ™,
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U, MEREGYE, 2HIERA B
223 WhHER

TEARYE . BAREMET 35 CTFHESR 12~24 h,
BT TEA . K/NERAIE

AMARSEE: 2% CR LR RS LEE T
W M, TR LR AR B AR AR E

YT s E . R DNA, R4S 51
VAT R 4 5% X N (polymerase chain reaction,
PCR) 473, ¥ PCR Y™ B Wyik =48 T AW 172
( b ) Befn A B /b 4700 %, FEF A NCBI il
MEGAG6 #3753 7
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PRV 1) B P RIS 7, R T A R SRR

4) ¥If pH {H
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i, DU CIRERES 1A ma ifE, R H] Box-Behnken
YT 3 R 3 KR AR, anEk 1 PR,
3 1 Box-Behnken i 38 EFE R KFE

Table 1 Box-Behnken test factors and levels

KA R /°C WA pH (& et /%
-1 35.0 6.0 1.0
0 375 7.0 15
1 40.0 8.0 2.0

3 HRESMW

3.1 FEAIERDRE

NIREEHRE i vp 20 15 8 22 R HLA 7 T I RE 1Y
PRIR, I AK i I P TR R Y B LU DL R
TS P, 4SBT — bk S 8 R A Ak BI-4,
wmE 1 s

1 E# BJ-4 Bk iZE A EE
Fig. 1 Hydrolytic transparent circle diagram of
strain BJ-4
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N\ ”
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Fig.2 Colony morphology diagram of strain BJ-4
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PR, A, 2EFPR. PR AR

2) AR E

P RE BI-4 1A FRA AL S S5 AN SR 2 iR,
F2ATHI, WAk BI-4 AR AR LS.
ARWEBEEA T R BRI RE T s BARE BI-4 BT IR R 1050
SN BAYE, R LATERRELAE A M — R it
TTHERKKRE; Wk Bl-4 BB/ A TE M, (HIEMm KA,
WRE A NS AN A S 2R 25 2R B
P Ve PR IR A RO FHYE, RBLZ AR AT DL 43 i
ZREAE LS R R, R I R R IS 2T ] B
PR RN @RI 2RI 25 R B, Rk
BJ-4 ANREE RN 2 BRI 2, ASRe (i TR s
RN 2R 28 A8 B N AR 5 gl a4t SR ok B E
RS A ARG, R8s R iy EZRIE AL
il “O
" K2 HHKBI4MEBELEE

Table 2 Physiological and biochemical identification of

strain BJ-4
WiH e iH R
MR R + TER KR +
TR K + W Ak, +
L K + i A AL AU +
AN 1 + GRS ARV ) -
IR - V. P RE +
R - RN PRI -
Frigmsh - LG]SR s +
e T FoRME; -7 TR,

3) AR E

Pk BI-4 IO 725 R L XA B 3 TR . MRS
KEWATLIE L, FEik BI-4 5650 25 AT 3 1Y 2%
G FRAIT, MRUEEL 100%, 4%, Fik BI-4
FFRVER FHATE ( Bacillus amyloliquefaciens ) o

29 Bacillus amyloliquefaciens R2.3
E Bacillus amyloliquefaciens strain MG1
99 BJ-4
Bacillus sp.
469: Bacillus velezensis strain GS-7

Bacillus sp. Q2
497(; Bacillus subtilis strain LS
100

Bacillus subtilis strain 261zg6

Bacillus amyloliquefaciens strain 3820
100 Bacillus amyloliquefaciens strain PP19
81 Bacillus subtilis strain PSB6

3 EH B4 MRGERER
Fig.3 Phylogenetic tree of strain BJ-4
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TE 0~6 h WIRIARA K ZZ18, 7 FAERAEA I, BT
BIRRR IR FIE R ABITE R, (H B ARkt 1 n
AR5 6~16 h BN T X8 K, Ak &
XHEK; 16 h ZJ5, WA KHEEZRNE, &
TR, 7E 22 h AR KERIEM,; 25, Wik E
IRFET MBI A R, AR AT

PR BI-4 (=B an & s B, i s al s,
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Fig. 4 Growth curve of strain BJ-4
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Fig.5 Enzyme production curve of strain BJ-4

¥ TR PR BI-4 Sk s M = MY e Y
S 358 H W) Bacillus subtilis PC2, Bacillus tequilensis
CY Fl A28 j7 2R B R AR G SR 0] . 7= BRI UE T
X, SR 3 Fin. WK 3 ATLIE W, Bacillus
subtilis PC2 . Bacillus tequilensis C9 Ttk ) £% 37 Ji 11

K, PREERE IR T A28 TEARAY IR A, H
P LA s AT S 0 e 75 21 107 £ 1 i AT A B -4
B 12 h e, JHR R R I, HLAE 36 h it
ity 76 71 15 B de i,k 39.86 U/mL, A EE HAth B AR 55
FRI IRV, - RERE 1B
®3 HHBI4 SEERERNESEMEENE
Table 3 Comparison of protease production capacity
between strain BJ-4 and published strains

[k REFEHA] /h G /1 /(U-mL™)
BJ-4 36 39.86
Bacillus subtilis PC2 48 29.48
Bacillus tequilensis C9 48 41.65
A28 30 2.03

3.4 EHRABFHIEHMRL
341 BRREBmE

BRI I 7= i 2 B IEURP S 2, s S AN ]
6 Ft/ne HIIEL 6 FIR, AR I bk BI-4 A I
BERE ) th s B MRUC I R . LA, Rl
VER o IR AIIE o ME— BT, 2 P IS 0 dee s
FLOERERE, M-S FURRIAZEA, T 2SRRI T
Frmf, SR iRk P, SRS AR AR
HEI

0l
S BEME mANE REE Em
R
Bl 6 BRI KB~ ERRI RN

Fig. 6 Influence of carbon source types

on enzyme production by fermentation

AETRH AN IS TR R T B A SE An ] 7 e
/o FHIELT BT, A0 B St 2 KON 0.1%
NE] 0.5% I, 25 RS S RWTER T YA R
WIS S8R 0.5% I, SR TGRS ks #i%
WA T 7 BOR T 0.5% J, 25 11l 60 ) S i
IR, RTRESE i A A M v B Rt g A Qs L
BRHONLFEA . L, e i Al A0 o o
Hh 0.5%.
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Fig. 7 Influence of glucose addition amount

on enzyme production by fermentation
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RIRALAT DR BRI A L RHR L RUCR, b
RETE— R FARRUR R, $m = iRe ). Aut
FEREFRA AT . AR, BERFERAY . IR AIGRIR B2
5 FPRIEEATIEAL,, MXEE RN 8 Fros. hl&l 8 n]
I, NIRRT R BI-4 K T P G RE 7 F e B
U EAE . SRR BERRR R . AHPREN . BRAREL
PAZE R g E— U, 2 PR ) e, 1T LA
AL 2 s PR M A D e — LT, ERT PR B-4 BT 2
FIEI RS PEA A, TREIE DU X MR L ASBER T
THVAIRAE R [ . A ARSI 4, AL LG
HURIRAE S S 25 FT R 7 By AR B B 1,
ARSI ARG SO BN S5 AR & . TR, R4
WEAE R Je S AU A R SR () Fol R
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Fig. 8 Influence of nitrogen source types on
enzyme production by fermentation
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B, 2R BRSSO, 4R R RIS R

SN 1.5% B, SRS SR RS FRER
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AR, AT REZ A R AV B = AR R Gl
DNTPDE = . PR, BEPRA OB A Sad U o &2 4
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Fig. 9 Influence of beef paste addition amount on enzyme

production by fermentation
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Bl AW FRIR B T R Ty, o B EAR DG
MR R TR N 37°CHY, AN K &
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TR AR A, SR ARG B2, G PERER .
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Fig. 10 Influence of temperature on enzyme
production by fermentation
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M ERI A pHAE ] 7.00 L, ABFTE8 T 0186
pH X B Rk BI-4 & I 7™ Bl 2w, D34S S an &
11 iR, B 1AL, SR pH AR T,
Pk BI-4 & [ 7 2 11 i 00 TS 1k S0 20 W G o J i T
R HI4h pH{E N 6.0 BF, FEIE fck. Rk, @tk
BJ-4 [ EIEWI 4G pH {24 6.0
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Fig. 11 Influence of initial pH on enzyme production
by fermentation
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FERP XS IR BI-4 A TR i RS2 M AN AT 12 B
AR 12 AT, RN 0.5%~2.0% B, 25 [ BEEEG
TIMZEA K, Rl 1.5% WIS ks BE&E %
Rt akssn, BEE IR S, AR
MR, MRAECE 2R, RECE YR
HTHFEIPE, fCHEYIR R, AR TEANS .
BRI, e 1.5% Atk BI-4 (5 et

40
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R E%
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Fig. 12 Influence of inoculation amount on enzyme

production by fermentation

3.4.6 AR @R
{8 F Design Expert 8.0.6 #{4-% 3= 4 % 11—
Il RIS ) (Y)XNREE(4) pH( B )
A (C) MR Z0a a5 .
Y=40.60+0.114-0.39B-0.59C-0.654B-0.724C-

0.21BC-4.294°-1.998°-1.07C*,
F 4 Box-Behnken i{BRiZit RER
Table 4 Box-Behnken test design and results

4 AlC B Cl% Y/(U-mL™)
1 35.0 6 1.5 33.73
2 40.0 6 1.5 3531
3 35.0 8 1.5 34.63
4 40.0 8 1.5 33.62
5 35.0 7 1.0 34.36
6 40.0 7 1.0 35.97
7 35.0 7 2.0 35.94
8 40.0 7 2.0 34.67
9 375 6 1.0 39.17
10 37.5 8 1.0 38.41
11 37.5 6 2.0 37.09
12 37.5 8 2.0 35.49
13 37.5 7 1.5 40.17
14 37.5 7 1.5 41.32
15 37.5 7 1.5 39.70
16 37.5 7 1.5 40.65
17 37.5 7 1.5 41.16
HBUEBAL AT P, T T R R I Ay 22

G30T, SRR 5 R BEALE PE R 0.0007<0.001,
F WA R 00 2 ) 25 5 A% W 35 R LI P {E
0.1751>0.05, 25 AW, ULBISEIRZE/N; KA
A R B R=0.9533, A2 I HIXKF I R ,,=0.8932,
R RITE SR TP UG R . AR .
x5 ZREN\ARBEFESN
Table 5 Analysis of variance of quadratic

regression model

JIFERIR CFR |AmE ¥y F{E P{E RBFEVE

Model 114.82 9 12.76  15.87 0.0007 @%

A 0.10 1 0.10  0.13  0.7303
B 1.24 1 124 154 02543
C 2.78 1 278 346 0.1051
AB 1.68 1 168  2.09 0.1919
AC 2.07 1 207 258 0.1523
BC 0.18 1 0.18 022 0.6538
A 77.54 1 77.54  96.42 <0.0001
B 16.61 1 16.61  20.66  0.0027
c 4.85 1 485  6.04 0.0437
B 2% 5.63 7 0.80
SR 3.80 3 127 277 01751 ARE
gz 1.83 4 0.46
B 120.45 16
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[, 156BH AC (%38 HAE FH X RS 1 i 52 i (3% . AB
FAC L W R BEDS ,  HLAE RS R AR TE 1)

AB

7.00
B

LRANKEA | Bl IR T, WS ) SE R s A
1M BC L iyma i e 22, FREIPIIG pH (A FHEF
PR AR AT TS PRSI AN K

gi b, A () e AR B
TRIE R 37.61 C, PIkh pH AN 6.84, RN 1.36%.
T 7 AR R TRINE A 40.70 U/mL, N 7 BiiFiatie
HERA T, AETO A SR B A B RIS, TSR
FIBGRETS J1o4 40.06 U/mL, STIMEMZERN, BEE
THEE T 71.01%. LA BHAS Y 17 17 3 58 3 3 119
PEREE S, 1930 B e B A A B I S R

B 13 ZEERRMEEE MR S S 4 E R R R ih o E

Fig. 13 Contour diagram and response surface diagram of interaction affecting enzyme activity
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Screening and Identification of Protease-Producing Strain and Optimization of

Enzyme Production

ZHANG Cheng, TAN Qin, CHEN Lulu, RAN Song, REN Xinping, ZENG Xiaoxi

( College of Life Science and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to screen high-yield protease strains, a strain BJ-4 with high-yield protease was screened
by casein medium and identified as Bacillus amyloliquefaciens. The enzyme production conditions of the strain
were optimized by single factor and response surface optimization. The optimal enzyme production conditions were
determined as glucose 0.5%, beef extract 1.5%, culture temperature 37.61 °C , initial pH 6.84 and inoculation amount
1.36%. The optimized enzyme activity increased by 71.01%. Strain BJ-4 is promising in industrial applications.

Keywords: protease; Bacillus amyloliquefaciens; condition optimization; enzyme activity
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