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Abstract: In order to improve the enzyme production efficiency of an environmentally isolated strain, and provide a
preliminary experimental basis for the subsequent application of the strain and its protease, the protease production ability
of strain S8 was preliminarily detected using the hydrolysis circle method, and its identity as Brevibacillu sborstelensis
was confirmed by comparing the 16S rRNA sequences. The optimal culture conditions and medium components were
determined through single-factor experiments. Finally, the culture conditions and medium were further optimized using
response surface methodology with the help of Plackett-Burman design and the steepest ascent method. The optimization
results showed that the optimal conditions are as follows: a fermentation time of 38.70 h, an inoculum size of 1.84% (V/V),
a fermentation temperature at 35 “C , a yeast powder addition of 23.70 g/L, a pancreatic digest of casein addition of 11.70 g/L,
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and a MgSO, addition of 20.20 g/L. The resulting enzyme production activity of the strain reached 114.79 U/mL, which was

209.70% higher than that under non-optimized conditions. The results of this study provide scientific data for the subsequent

fermentation application of this strain.

Key words: Brevibacillus borstelensis; protease producing; enzyme production condition optimization; response

surface methodology
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Fig.1 The protease production and identification results of strain S8
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Table 1 Results of PB design

A5 BE/C A/ pH/IE BAE/% BEFH/(U/mL)

1 40 24 7 6 77.65
2 30 36 5 6 29.66
3 40 36 5 6 76.06
4 40 24 7 6 27.35
5 30 24 5 2 79.94
6 40 36 5 2 89.29
7 30 36 7 2 98.65
8 30 24 5 6 13.53
9 40 36 7 2 64.06
10 30 24 7 2 46.76
11 40 24 5 2 59.58
12 30 36 7 6 30.88
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Table 2 Factor level and effect evaluation of PB design
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Yo% BE/C BTREI/N BFE/%  BEEH/(UmL)

1 15 6 6 14.71
2 20 12 5 29.66
3 25 18 4 45.93
4 30 24 3 70.66
5 35 30 2 96.45
6 40 36 1 77.39
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Fig.4 Contour plots, response surface plots of the interactive effect of
each factor on the enzyme production activity of the strains
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Table 4 BB design optimization of culture conditions and results

%5 A:BFR/h B:3EAE/% C:iRE/C B7% F/(U/mL)

1 36 2 35 101.16
2 36 2 35 100.10
3 42 1 35 80.60
4 36 3 37 80.12
5 36 2 35 104.72
6 36 3 33 61.16
7 36 1 37 71.76
8 30 2 33 66.56
9 30 2 37 85.88
10 36 2 35 104.72
11 36 2 35 104.75
12 42 2 37 77.64
13 30 3 35 66.60
14 36 1 33 81.76
15 30 1 35 76.20
16 42 2 33 80.10
17 42 3 35 67.76

R 5 BERFHAUERTENN

Table 5 Analysis of variance for the proposed quadratic
polynomial model

KB kA BwE ¥HF FAE

P REH

AR 262773 9 291.97 51.04 <0.0001 **
A-Bf1) 14.74 1 1474 258 0.1525
B- 4% 15034 1 15034 2628 0.0014  **
C-iBE 8333 1 8333 1457 0.0066  **
AB 2.62 1 262 046  0.52
AC 11859 1 11859 20.73 0.0026  **
BC  209.67 1  209.67 36.65 0.0005  **
A? 501.77 1 501.77 87.71 <0.0001 **
B? 917.48 1  917.48 160.37 <0.000 1  **
2 421.60 1 421.60 73.69 <0.0001 **
RE 40.05 7 5.72
KR 20.81 3 6.94 144 03554
“ix £ 19.23 4 481

A 266778 16

E R Y ATFERARREE (P>0.05); <0 EFRE

FHEE (P<0.01).
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Fig.6 Effect of different nitrogen sources and yeast meal

concentrations on protease activity
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Table 6 BB design optimize culture medium and result
%5 ABERRME/(gL) B MEREAOMRIME/(YL) C:MgSO, Rimg/(g/L) 8% 7/(U/mL)
1 30 10 30 61.18
2 10 10 30 116.47
3 20 10 20 131.76
4 20 10 20 131.76
5 20 10 20 129.41
6 20 10 20 131.76
7 20 15 30 122.35
8 20 15 10 120.00
9 10 5 20 102.35
10 10 15 20 114.12
11 30 10 10 62.35
12 20 5 10 102.35
13 20 5 30 100.00
14 30 5 20 44.71
15 10 10 10 114.12
16 30 10 30 131.76
17 10 10 30 62.35
R7 BREMUERTESN
Table 7 Medium optimization model ANOVA
RIR P A ER:D4 ¥ FA& Pi i
AR 13 496.18 9 1499.58 543.66 <0.000 1 o
A- BRI E 5857.44 1 5857.44 2123.58 <0.000 1 o
B- W& & MR m & 602.25 1 602.25 218.34 <0.000 1 o
C- MgSO, < 0.173 1 0.173 0.062 7 0.809 4
AB 34.54 1 34.54 12.56 0.001 o
AC 3.11 1 3.11 1.13 03233
BC 22.03 1 22.03 8.01 0.044 *
A2 5618.52 1 5618.52 2036.96 <0.000 1 o
B? 811.45 1 811.45 294.19 <0.000 1 *x
c? 163.7 1 163.7 59.35 0.000 1 **
%3 19.31 7 2.76
PEDEN 14.88 3 4.96 4.48 0.090 8
YR £ 443 4 1.11

E: N RTFEFRE (P>0.05); 4 KT EFMEE (P<0.01),

W4 P 493 50 7 [ )9 05 R e ik 0 i i, A B
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MgSO, s K, BT AB Y P{H<<0.05, Kk
W AB (8] (1952 ELAE FH S8R 1 BTG 0 14D 52 1 A
#, 1 BC i P} 0.04<<0.05, Jif LA Bt AB )
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Fig.8 Contour plots of the effect of the addition of peptone
and magnesium sulfate on protease activity
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