BV LR 2025,71(02) :9-16

Shaanxi Journal of Agricultural Sciences

DOI: 10.3969/j. issn. 0488-5368. 2025. 02. 003

MEHRBETERIEE

RERBEEFELWL

S N

(1 BB F AR BE , Bev ik

712100;2. HEZGRIY VLR BR 21110053, [FE 254 HE R = W AFsE b, -

W OE. SR TR A 2 FT0AFE SIPI-W-N5 4 & & # 4k, 181t % 9% & 4= DES 4
T 3RAF T REM SIPI-W-N5-16, K A vty 5 @R AC X B 3 B & B 32 7R b AT Rk, 4R
A REASIPI-W-N5-16 43 th X M = M 288 E AR S5 T 149.24% , % 2 T i
REMRAEBALL BT, KT K B3 A K B R LAk SIPI-W-N5-16, 3t /= 44 & i¢

FEABLATRST 104%,

KW B KB AR R ; TEMRAL e B @RI

FESERS.TQ925  XEKFRIRED:A

X E 4TS :0488-5368(2025)02-0009-08

Breeding of Nattokinase—Producing Strains and Optimization

of Fermentation Medium

WEN Wen" ?, HU Haifeng’
(1. Yangling Vocational & Technical College, Yangling, Shaanxi 712100, China; 2. China Pharmaceutical University, Nanjing, Jiangsu

211100, China; 3. Sinopharm Health Industry Institute Co. , Lid. , Shanghai 201203, China)

Abstract: Using a Bacillus subtilis SIPI-W~-NS5 strain preserved under laboratory conditions as the starting
strain, a mutant strain SIPI-W-N5-16 was obtained through ultraviolet (UV) and diethyl sulfate ( DES) muta-

genesis. Response surface methodology (RSM) experiments were conducted to optimize the fermentation medium

for the mutant strain. The results showed that the nattokinase activity of SIPI-W-N5-16 was 149.24% higher

than that of the original strain. The optimal fermentation medium for shake flask cultivation of the mutant strain

was determined. Fermentation of SIPI-W-N5-16 with the optimized medium led to a 104% enhancement in nat-

tokinase activity compared to pre—optimization conditions.
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60 7.27 1.90 0 0 0 0 0 0
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(1)Plackeet—Burman R I

%3  Plackeet—Burman iXI&8& T E =K F R4

FR A P PR R IR A A 45 S 1 45 A A 5 SCRiR 1 " K
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e et g s X X2 E QM % T
P AT PR T | 22 2EIRS  MeSO, - 7TH,0, CaCl, | X, BEG/% 0.5 5
Na,HPO, - 12H,0 KH,PO, 3t 8 Ffil 5L i sy, it X, TR MR % 103
B . _ X F B/ % 1 3
% Ve =t AR TR EL \ 4
1712 Yk, SPAT6HR 3 41, e 3 A AR R AT L X. MgS0, - TH,0/% o1 03
iR 22, e AR A 48 S S 7K it el LA (em ) |, X CaCl,/ % 0.01 0.1
_ o X KH,PO,/% 0.1 0.3
= _ YA DI “ _ ” w1 =3 N 7 2 4
=X X AP =1L R R X, Na,HPO, - 12H,0/% 0.2 0.6
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X, =82 -1 1
X, =83 -1 1
= 4 Plackeet—Burman iXIE B 45 R
KI5 Xl Xz X3 X4 Xs X6 X7 Xx X9 Xl() Xll HAZ/cm
1 -1 -1 -1 1 -1 1 1 -1 1 1 1 2.83
2 -1 -1 1 -1 1 1 -1 1 1 1 -1 2.88
3 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 2.73
4 1 -1 -1 -1 1 -1 1 1 -1 1 1 2.70
5 1 -1 1 1 -1 1 1 1 -1 -1 -1 2.72
6 1 1 -1 1 1 1 -1 -1 -1 1 -1 2.84
7 1 1 1 -1 -1 -1 1 -1 1 1 -1 2.62
8 -1 1 -1 1 1 -1 1 1 1 -1 -1 2.75
9 1 1 -1 -1 -1 1 -1 1 1 -1 1 2.83
10 -1 1 1 1 -1 -1 -1 1 -1 1 1 2.64
11 -1 1 1 -1 1 1 1 -1 -1 -1 1 2.83
12 1 -1 1 1 1 -1 -1 -1 1 -1 1 2.67
x5 EEAERHEZMETFHEEESH
iy F I Fa MR E ZFAEHA F & P 1& T2 H A
Model 0.079 7. 454E-003 2.75 29.48 0.000 2
F-X, 0. 056 7. 454E-003 0. 068 84. 05 <0.000 1 1
Cc-X, 8. 533E-003 7. 454E-003 -0.023 12. 80 0.009 0 2
E-X, 7. 500E-003 7. 454E-003 0.025 11.25 0.0122 3
A-X, 6. 533E-003 7. 454E-003 -0.023 9.80 0.016 6 4
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*6 RERFKWZITRER
28 5| CaCl,/% MgSO, - 7H,0/% TR % o 2 B K i B B2/ cm
1 0 0.1 3 2.76
2 0. 025 0.2 2.5 2.81
3 0.05 0.3 2 2.85
4 0.075 0.4 1.5 2.89
5 0.1 0.5 1 2.87
6 0. 125 0.6 0.5 2.86
H b gl n] g0, WSS 20 4R, NG O BH FIi7R o
HEIM, S5 DU 2H Ik BIWEAEL 5 IO TR IR T R, X R IASE ®7 WEERSKFHET
TS AR R RS SR A A AR B RRR P
AL IR0 0 SR 044, A I
(3) Box—Behnken 5% X, TR % 1 15 5
AR BETR SIS Z R, T 0+4 ARy Wi BT 1 X,  MgS0, - TH,0/% 0.3 0.4 0.5
W8 w1t o E K, BL CaCl,, ] 3 % 3E B,
o X, CaCl,/% 0.05 0.075 0.1
MgSO, - TH,0 3 MEZ R R N H L&, B4 ik =
AT, B R G K Sl a5 R sk 7~9
#& 8 Box—Behnken iRI&iZit R &R
A5 o By MgSO, « 7H,0 CaCl, th 2.8 B K B ALAZ/ em
1 1.50 0.50 0.05 2.84
2 1.50 0. 40 0.08 2.88
3 1.50 0. 40 0.08 2.89
4 1.00 0.50 0.08 2.84
5 1.00 0. 40 0.05 2.85
6 2.00 0.30 0.08 2.84
7 1.50 0. 40 0.08 2.86
8 1.50 0.50 0.10 2.88
9 1.50 0.30 0.05 2.85
10 2.00 0. 40 0.05 2.83
11 1.50 0. 40 0.08 2.88
12 1.00 0.30 0.08 2.84
13 2.00 0.50 0.08 2.85
14 1.50 0. 40 0.08 2.89
15 2.00 0. 40 0. 10 2.90
16 1.50 0.30 0.10 2.85
17 1.00 0. 40 0.10 2.84

5% 9 AI %, Prob>F = 0.008 4,/NTF0.05, il
¥ s Lackof Fit = 0.768 1, KT 0.05, Ag & ;R*=
0.901 83X M 90. 18% [ 45 2% S T LU FH iz AR A1
fife s R ELAT W 3 M 7 5 Uk R P RE R A
[ FRAELN G 7 1 AR A, 45 PR 0 9 2 T
it 118 52 ) i B AR VR A < TE oK AR S > AT 1 v
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05X,X, + 1. 6X,X, +4X,X, - 0. 075X, - 1. 875X,
10X,
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3l BN 4 F 7 A HF F %t % Prob>F 14
Model 9 7. 119E-003 7.910E-004 7.14 0.008 4
A-X, 1 3. 125E-004 3. 125E-004 2.82 0.136 8
B-X, 1 1. 125E-004 1. 125E-004 1.02 0.347 0
C-X, 1 1. 250E-003 1. 250E-003 11.29 0.012 1
AB 1 2. 500E-005 2. 500E-005 0.23 0.649 1
AC 1 1. 600E-003 1. 600E-003 14.45 0.005 7
BC 1 4. 000E-003 4. 000E-003 3.61 0.099 1
A2 1 1. 480E-003 1. 480E-003 13.37 0.008 1
B2 1 1. 480E-003 1. 480E-003 13.37 0.008 1
c2 1 1. 645E-004 1. 645E-004 1.49 0.262 4
Lack of Fit 3 1. 750E-004 5. 833E-005 0.39 0.768 1
g g g :
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