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Fermentation condition optimization and biocontrol effect
determination of Bacillus subtilis subsp. spizizenii YC25

WEI Xiao'*, LI Yanyan®, YUAN Qinfeng’, YAO Jingwu®, HUANG Daye®", CAO Chunxia®"

1 School of Life and Health Sciences, Hubei University of Technology, Wuhan, Hubei, China

2 Tobacco Research Institute of Hubei Province, Wuhan, Hubei, China

3 National Biopesticide Engineering Research Center, Hubei Biopesticide Engineering Research Centre, Wuhan,
Hubei, China

Abstract: [Objective] To improve the fermentation performance by optimizing the fermentation
medium and conditions of Bacillus subtilis subsp. spizizenii YC25, thereby providing a theoretical
basis for the subsequent industrial development and application of the strain. [Methods] With the
spore yield as the indicator, the optimal fermentation conditions were screened by single factor
tests. On this basis, the response surface methodology was employed to optimize the fermentation
medium. Pot experiments were conducted to evaluate the control effects of the optimized
fermentation broth on tobacco black shank and tobacco Fusarium root rot.[Results] The optimum
fermentation conditions were as follows: 30 °C, 180 r/min, an inoculation amount of 2%, a liquid-
loading volume of 20%, and fermentation time 36 h. The optimum fermentation medium was as
follows: corn starch 15.53 g/L, soybean meal 8.70 g/L, KH,PO4 0.50 g/L, MgSO4 0.92 g/L, and
CaC050.50 g/L. Under these conditions, the spore yield reached 1.423 3x10'° CFU/mL. The results
of pot experiments showed that the control effects of the fermentation broth diluted by 20 times on
tobacco black shank and tobacco Fusarium root rot were 77.88% and 62.09%, respectively.
[Conclusion] The optimized medium could significantly increase the spore yield of strain YC25,
and the disease indexes of tobacco black shank and tobacco Fusarium root rot were significantly
reduced after the application of YC25 fermentation broth. This study provides a theoretical basis
for the development and application of the biocontrol strain YC25 and the prevention and control
of field diseases in the future.

Keywords: Bacillus subtilis; fermentation condition optimization; response surface methodology;
control effect
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Table 1  Factors and levels of Plackett-Burman
experiment
Levels Factors (g/L)
A B C D E
-1 15.00 10.00 0.25 0.30 0.30
1 25.00 20.00 0.75 0.70 0.70

%2 Box-Behnkenift3fi[FZ/KFEER

Table 2  Factors and levels of Box-Behnken
experiment
Levels Factors (g/L)
A B D
-1 12.50 7.50 0.64
0 15.00 10.00 0.78
1 17.50 12.50 0.92
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Figure 1 Growth curves of strain YC25.
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Figure 2  Effects of different temperature (A), rotation speed (B), inoculation amount (C) and liquid volume (D)

on spore yield. Different lowercase letters on the figure indicate significant differences (£<0.05).
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=3 PBIIEITRGER

AR R Rk 20% B 2 Table'3 The design and result of Plackett-Burman
=t IR P el = e =y t
FERERCR, (BAEEOE R 40% i, 2R kg PR _
30% AR, HEWATRERE 400 et DD R
TR TR AOR RN TR ——
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2.3 N E S HzESR 7 -1 -1 11 16667
2.3.1 Plackett-Burman (PB)Z5 8 ot b b= 11200
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Table 4 Analysis of variance of the results of PB experiment design
Source SS Freedom MS F'value P value
Model 5553.10 5 1110.62 18.81 0.001 3
A 899.00 1 899.00 15.22 0.008 0
B 3 446.76 1 3 446.76 58.37 0.000 3
C 0.188 30 1 0.188 30 0.003 2 0.956 8
D 2020.10 1 2 020.10 34.21 0.001 1
E 865.24 1 865.24 14.65 0.008 7
Residual 354.30 6 59.05
Total 5907.40 11

R’=0.940 0 Adj R>=0.890 0
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Table 5 Design and results of the steepest climb
experiments

Run A(g/L) B(g/ll) D(g/L) Sporeyield

(x10'° CFU/mL)

1 20.00 15.0 0.50 1.116 7

2 17.50 12.5 0.64 1.1500

3 15.00 10.0 0.78 1.290 0

4 12.50 7.50 0.92 1.143 3

5 10.00 5.00 1.06 1.134 0
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Table 6

experiment

The design and results of Box-Behnken

Run Factors (g/L)
A B

Spore yield
(x10"°CFU/mL)
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1.3100
1.306 7
1.3433
1.356 7
1.3267
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Table 7 Analysis of variance of the results of Box-

Behnken experiment

Source SS Freedom MS F value P value
Model 5553.10 5 1110.62 18.81  0.000 7
A 11.66 1 11.66 8.66 0.0216
B 30.69 1 30.69 22.80 0.0020
D 68.04 1 68.04 50.53  0.0002
AB 17.35 1 17.35 12.88  0.008 9
AD 1596 1 1596 11.85 0.0108
BD 1.00 1 1.00 074 04173
A 26.85 1 26.85 19.94  0.0029
B? 1453 1 14.53 10.79 0.0134
D? 6.82 1 6.82 507 0.0591
Residual 942 7 1.35

Lack of fit 397 3 1.32 0.9720 0.4887
Pure error 545 4 1.36

Total 207.44 16

R*=0.954 6 Adj R>=0.896 2
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Figure 3 Response surface (A) and contour (B) analysis of corn starch and soybean meal on spore yield.
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Figure 4 Response surface (A) and contour (B) analysis of corn starch and magnesium sulfate on spore yield.
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Figure 5 Response surface (A) and contour (B) analysis of soybean meal and magnesium sulfate on spore yield.
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AR R, FRk YC25 KB BRI
e TR S AR S e I PR . 20 A5 RE
TR E R e 1 B 6 AR O (77.8845.14)%
(2 8), XUHE AR AIBERER F(62.09£2.75)%
(F 9)o 50 FEHR AR ROUT KA 2 HA 5 R FF AR I
(14 B1 AR R(55.2343.74) %6 H1(55.79+3.64) %,
ST SRR PU-HZE AR LG, 20 £5 % B B
TR R PR 9 R AR B (A B TR AR A

KR8 EHRYC25 4 BRIXHE Z BRI A RBTIANR
Table 8 Control effect of fermentation products of
strain ' YC25 on Phytophthora nicotianae in pot

experiment
Treatment Disease index (%)  Control effect (%)
CK 51.36+4.08a -
T1 11.36+2.26d 77.88+5.14a
T2 20.00+9.95b 55.23+3.74¢
T3 17.78+5.34¢ 65.38+12.14b

() 5B 5 AN ) /N SRR R 22 57 i 35 (P<0.05); —RERTE
I,

After the same column of data, different lowercase letters
showed significant differences (P<0.05); — in the table

indicated no such item.
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Table 9 Control effect of fermentation products of

strain ' YC25 on Fusarium oxysporum in pot
experiment

Treatment Disease index (%) Control effect (%)
CK 95.36+1.97a -

T1 35.27+3.28d 62.09+2.75a

T2 42.1843.87¢ 55.79+3.64b

T3 45.314+4.20b 52.48+5.73¢

) 51 B840 I A [ /IN G - RE 7R 22 57 . 35 (P<0.05); U3k
i

After the same column of data, different lowercase letters
showed significant differences (P<0.05); - in the table

indicated no such item.
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PR R CE . BN, SAESERPIR R &R
S5 A E SIS R A A R 2E AT B -MBS 147 T
SBH, MR R S 2.83%10" P /mL.
X % 5 S 20R P B[R 28 45 45 w7 1 AT £ P A
FZEMUAT T ATCC 6051 K B2, B fdi Hoxt
SR 2R B I B RN 27.32% 4R & 52.57%.
IR ST g A R 2R R 1 3 0 K A 2
FFF IR K-6-9 HE1T R BRI ILAL, RAL)G 24
0 1.40x10° CFU/mL, AR FH0h & B ks # 5
HIZER R T 2.55%10° f%,

oAl & T T 25 W 32 2 B SR A0 A6 & e 1%
IR BE W Ty R e P A5 A . R PR SE g AT
DL 22 Bl B 0 A K A ) R 4 43 HL AR
KEEFREA, NITA R & 7= 1 B 7 1 9 BRI
Pod A RS N S OB = L )
RIS TIRE | R e Skl
4G, Horp, TR R AR K B AR T
T R A S 6, S Fh i 2 PR Ay B
ZEAAT B B AR AR AR, 28 FnfE e 25
i 35 72 AR RN A | R . TR B 2R R
NIRRT, ISR RS AR P9 i 2 A
o, ABFgTm AR ZR I R B, Wbk YC25 7E
W BE 30 °C . 180 r/min, FEFP IR 2%, LW A
20% BIRMETE, HEZRR SR, HE5RS
BT S TVRD 22 B S PR IS A B FR AR AR
TEXT R e BE TR LA I, e % 5 P o) 107 18 43
Br A ok AT AR A, 1203 AT 3 2k A AR TR XA
6] Bl F- 7K B 22 AR RSEA TR AL, P i
i s I Fe A 4 7R 30O B 2T TR ik Y R
R A VR, v LRI 2R L A
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BEXT 2RI R B B i e K, LR R R B S F A
PRI, UL A Mgt TR SR e A
PP Y 2F 0 77 B, 3X 55 Posada-Uribe Z5PS1A
SRR AT 5 A B 2E AT B R I At A5 1 A 45
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¥ 15.53 g/L, SAAH) 8.70 g/L, KH,PO,40.50 g/L,
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1B IR ILBL 7 M IR 25 A TR BR YC25 &
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ZEA i A A R, X UE
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{5 1 D1 SIET ZF AT B YCYM-09 %o HH EE SR iR 55 B
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FIF & GDND-2 & B AL ER 15 d, o 00 5 4R 8
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