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subtilomycin pH 30 °C.200 1 *
subtilomycin " . min "' 24 h.
SX3411 1.3.2
0.5%.2.0% 4.0% +6.0% 8.0% 10.0%
1 30 °C200 r
min ' 24 h.
1.1 1.3.3 6 250 mL
SX3411( B. subrilis 20% 30% 40% 50% 60%  70%
SX3411) 2.0%
CGMCC NO.
14396. ( Staphylococcus 30 €200 1+ min ™ 24 h.
aureus) 1.3.4 2.0%
LB 10g-L™"
50g+L"' NaCl5g-L"' pH 7.2 20.25.30.35 40 C 200 r
1L121°C 20 min 1L min’ 24 h.
15.0 g 1.3.5
10g+L" 2.0%
5.0g+L7' NaCl5g+L™" pH 7.0. 140.160.180.200 220 r °
10.0 g » L' min~" 30 C 24 h.
NaCl5 g+ L™" pH 7.0. 1.4 SX3411
1.2 SX3411
20 ~30 mL. LB »
; 100 pL s
37 C 10 min. 2 24 h
SX3411
25 wL SX3411
4 °C 1.4.1
4 h 10g-L"" . . .
37 C 12 h LB
. 2.0%
1.3 SX3411 50% 30 °C.180 r * min ™"
SX3411 LB 24 h.
Opg, =1.0 (
)
. 1.4.2
SX3411 24 h 10 000 1 10g-L"! . . .
min ' 15 min .
SX3411 2.0%
50% 30 €180 r * min "'
pH . . . 24 h.
1.3.1 pH
pH 5.6.7.8.9 10 1.4.3 SX3411

2.0%
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pH 8.0 pH
5g+L" NaCl.5 g+ L' K,HPO,.0.5 g * L' CaCl,. 9.0 7.0 pH ( 1(a)).
0.005 g+ L' FeSO, * 7H,0.0. 005 g * L™' ZnSO, pH 8.0 pH
2.1.2 6
. 2. 0% 24 h
50% 30 °C\180 r * min '
24 h.
1.5 : 2.0% ~4.0%
; 0.5%
pH . .
; 6.0% ~10.0%
1
SX3411 ( HCb)) -
. 2.0% ~4.0%.
2.1.3 6
24 h
-1 0 1 . ; 40% ~
pH A 7.5 8.0 8.5 50%
/(r* min~") B 170 180 190 ; 30% 60%
/°C c 28 30 32 .
[% b 30 40 >0 20%  70% ( 1(¢)).
/% E 1.5 2.5 3.5 SX3411 40% ~50% .
1.6 2.1.4 5
. SX3411
+ZnS0,  CaCl,
5 ' SX3411
SX3411 : : 25~30°C
2 1
20°C 35C
: 40 C
-1 0 1
( 1(d))
(geL™ A 5.0 10.0  15.0 $X3411 )5 -
0 P B 5.0 10.0 15.0
gL7) 30 °C.
ZnS0,/(g+L™") C 0.0001 0.0005 0.0010 515 s
CaCl,/(g+ L") D 0.0100 0.0500 0.100 0 ’ SX3411
2 SX3411
160 ~ 180 r * min ™"
2.1
2.1.1 pH 6 ; 140 r* min~™" 200 r * min "'
pH : 220 r * min "'
SX3411 ) ( 1(e)).

pH SX3411
SX3411 . 160 ~ 180 r * min .
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(a) pH (b) (¢ (d) (e)
1 SX3411
2.2 SX3411
2.2.1 ( 2(a).
SX3411
SX3411
23.18 mm  23.21 mm: (2(b).
21.97 mm  21.76 mm;
1.0g+L™".
21.19 mm  21.43 mm
(a) (1.CK;2. ;3. 4. ;5. ; 6. ) (b)
2 SX3411
2.2.2 SX3411 (
SX3411 3(a)).
22.66 mm;
22.18 mm; 1.0ge-L"
SX3411
20.47 mm  20.67 mm; 22.26 mm :

0.5g-L"!
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21.52 mm ; ) 1.5g+L" 20g-L""
0.1 gL' . 19.93 mm  17.30 mm( 3(b)).
SX3411 1.0g+L™"
(a) (1.CK;2. ;3. 4. ;5. ;6. ) (b)
3 SX3411 Subtilomycin
2.2.3 1.O0g+L"! 24.53 mm+24. 30 mm( 4(a)).
1.O0ge+L"" ZnS0, SX3411
5¢g+L7! CaCl,
NaCl.5 g » L™' K,HPO,.0.5 g » L™" CaCl,~0.005 g *
L' FeSO, * 7H,0.0.005 g * L.™' ZnSO, ZnS0,
SX3411. 30%
( ) _ 7nS0, SX3411
23. 15 mm; ZnSO,  CaCl, ;0.000 1 ~0.0010 g+ L'
26.00 mm  25.25 mm ZnS0, SX3411
; K,HPO, 0.0005 g+ L™ ZnSO,
15.70 mm ; NaCl ( 4(bh)).

FeSO, * 7H,0

“(a) (1. CK;2.NaCl; 3. K,HPO,; 4. CaCl,; 5. FeSO, * 7H,0;6.ZnS0,) (b)  ZnSO,
4 SX3411 Subtilomycin
2.3 Y=24.10 - 1.274 - 0. 61B +0. 42C - 2. 25D -
231 0.32E - 1. 56AB - 3. 31AC - 2. 22AD - 0. 23AE -
pH . . . 0.80BC +1.44BD +2. 84BE + 1. 28CD - 3. 09CE +
_ 2.00DE - 1. 77A* - 2. 81B* -3.22C° - 1. 23D° -
3 Box-Benhnken 0. 32E
Y A pH B

2 C D E
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3
/mm
A B/(r* min™") c/c D/% E/%

1 0 -1 0 0 1 18.88 18.42
2 -1 1 0 0 0 21.50 21.74
3 -1 0 0 -1 0 22.75 22.41
4 1 0 -1 0 0 21.25 20.74
5 0 0 1 0 -1 24.00 24.39
6 0 0 0 0 0 23.88 24.10
7 1 0 0 1 0 15.38 15.37
8 0 1 0 0 -1 18.00 17.83
9 0 0 0 -1 1 22.50 22.49
10 0 0 -1 -1 0 23.00 22.76
11 0 1 1 0 0 17.50 17.08
12 0 -1 1 0 0 20.50 19.90
13 1 -1 0 0 0 20.50 20.43
14 0 0 0 1 -1 19.25 18.62
15 -1 0 0 0 -1 23.00 23.37
16 -1 0 -1 0 0 17.25 16. 65
17 1 1 0 0 0 16.00 16.08
18 1 0 0 0 -1 21.00 21.30
19 0 0 -1 1 0 15.75 15.70
20 0 -1 -1 0 0 17.63 17.46
21 0 0 -1 0 1 22.63 22.92
22 1 0 0 -1 0 24.50 24.31
23 0 1 0 -1 0 20.00 20.26
24 -1 -1 0 0 0 19.75 19.84
25 0 1 -1 0 0 18.25 17.83
26 -1 0 0 1 0 22.50 22.35
27 -1 0 0 0 1 22.93 23.20
28 0 -1 0 -1 0 24.00 24.36
29 0 0 1 0 1 17.25 17.57
30 0 -1 0 1 0 16.50 16.99
31 0 1 0 1 0 18.25 18.64
32 0 0 1 -1 0 20.75 21.04
33 0 1 0 0 1 23.00 22.89
34 1 0 0 0 1 20.00 20.20
35 1 0 1 0 0 14.75 14.95
36 0 0 -1 0 -1 17.00 17.36
37 0 -1 0 0 -1 25.25 24.74
38 0 0 0 1 1 22.50 21.99
39 0 0 1 1 0 18.63 19.10
40 -1 0 1 0 0 24.00 24.12
41 0 0 0 -1 -1 27.25 27.12
42 0 0 -1 0 0 21.25 20.46
43 0 1 1 0 0 17.75 17.08
44 0 -1 1 0 0 20.00 19.90
45 0 -1 -1 0 0 16.50 17.46
46 0 1 -1 0 0 17.00 17.83
47 0 0 -1 0 0 20.13 20.46
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2.3.2 4 B*.C*.D* SX3411
2 ( ANO- SX3411
VA) . A >pH > > >
B.C.D.E.AB.AC.AD.BC.BD.BE.CD.CE.DE.A*.
4
S d, M F P
400. 65 20 20.03 69.50 <0.000 1 * % %
A 25.76 1 25.76 89.36 <0.000 1 * % %
B 7.50 1 7.50 26.03 <0.000 1 * Kk %
C 3.76 1 3.76 13.05 0.001 3 * % *
D 81.00 1 81.00 281.03 <0.000 1 * % %
E 1.61 1 1.61 5.58 0.0259 *
AB 9.77 1 9.77 33.88 <0.000 1 * Kk ok
AC 43. 89 1 43. 89 152.28 <0.000 1 * % %
AD 19. 69 1 19. 69 68. 32 <0.000 1 * * %
AE 0.21 1 0.21 0.74 0.396 8
BC 5.08 1 5.08 17. 63 0. 000 3 * % %
BD 8.27 1 8.27 28. 68 <0.000 1 * Kk %
BE 32.35 1 32.35 112.23 <0.000 1 * % %
CD 6.57 1 6.57 22.78 <0.000 1 * % %
CE 38.29 1 38.29 132. 83 <0.000 1 * * %
DE 16. 00 1 16. 00 55.51 <0.000 1 * Kk x
A? 12.73 1 12.73 44. 16 <0.000 1 * % %
B’ 34, 81 1 34. 81 120. 76 <0.000 1 * % %
c? 38.24 1 38.24 132. 67 <0.000 1 * Kk %
D’ 6.16 1 6.16 21.37 <0.000 1 * % %
E* 0.41 1 0.41 1.44 0.2415
7.49 26 0.29
5.29 21 0.25 0.57 0.8326
2.20 5 0.44
408. 14 46
* % % * .
2.3.3 29.83 mm
2 ( 2.4
5. 5 5 2.4.1
SX3411 ) $X3411
: pH . .
5 Box—
Benhnken
Design-Expert ] o)
SX3411
pH 8.25. 169 r * min "'\ 30.24 C. Y =25.65+2.234 -3.68B -0.37C -0. 53D +
37.9% - 1. 46% 1.334B + 1. 64AC - 0. 204D - 0. 75BC - 1. 77BD -
30. 04 mm. pH 0.21CD -3.74A* —=1.70B* =2. 34C* - 3. 09D*
8.25. 170 r * min "', 30 °C. Y A.B.C.D .

38% ~ 1.5% N N
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SX3411
5 5(
A B C D /mm A B c D /mm

1 0 1 0 1 15.40 14.88 16 1 0 0 1 19.80  20.33
2 1 0 0 -1 21.95 21.79 17 1 0 1 0 22,65 23.07
3 1 1 0 0 20.70 20.09 18 -1 0 1 0 15.85 15.34
4 -1 1 0 0 13.25 12.98 19 0 0 -1 -1 21.25 20.91
5 -1 0 0 1 15.15 16.27 20 0 0 -1 1 20.25  20.27
6 0 1 0 -1 18.95 19.49 21 0 -1 1 0 25.00 25.66
7 0 0 1 1 19.50 19.11 22 1 0 -1 0 20.25 20.53
8 0 0 0 0 25.25 25.65 23 0 -1 0 -1 23.00 23.29
9 0 0 1 -1 21.35 20.60 24 -1 0 0 -1 16.50 16.93
10 0 -1 -1 0 24.50 24.90 25 0 1 -1 0 18.75 19.05
11 0 -1 0 1 26.55 25.78 26 0 0 0 0 25.45 25.65
12 -1 0 -1 0 20.00 19.35 27 0 0 0 0 26.25 25.65
13 1 -1 0 0 25.25 24.79 28 0 0 0 0 25.65 25.65
14 -1 -1 0 0 23.10 22.98 2.4.2 6
15 0 1 1 0 16.25 16. 81 2 ( ANO-
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VA) ) A
B.D.AB.AC.BD.A*.B*.C*. D’ SX3411 >
SX3411 C > >
6
S d, M F P
379.54 14 27.11 50.43 <0.000 1 * % X
(A) 59. 63 1 59. 63 110. 92 <0.000 1 * % X
(B) 162. 07 1 162. 07 301. 46 <0.000 1 * Kk K
(C) 1. 61 1 1.61 3.00 0.106 9
(D) 3.36 1 3.36 6.25 0.026 6 *
AB 7.02 1 7.02 13. 06 0.003 1 * % %
AC 10. 73 1 10. 73 19. 95 0. 000 6 * Kk x
AD 0.16 1 0.16 0. 30 0.594 6
BC 2.25 1 2.25 4. 19 0.061 6
BD 12. 60 1 12. 60 23.44 0. 000 3 * * %
CD 0.18 1 0.18 0. 34 0.572 1
A? 83.72 1 83.72 155.73 <0.000 1 * X
B’ 17.43 1 17.43 32.41 <0.000 1 * % *
c 32.90 1 32.90 61.2 <0.000 1 * * %
D? 57.12 1 57.12 106. 25 <0.000 1 * * %
6.99 13 0. 54
6.43 10 0. 64 3.44 0.168 5
0. 56 3 0.19
386.53 27
* X % *
2.4.3
2
( 6) . 6 4
SX3411
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Design-Jxpert 1.5% 29.83 mm
SX3411
1.4 gL' 5.0 g+ L™'.ZnSO,
0.000 56 g » L™'.CaCl, 0.059 5 g « L' . » CaCl,
27.83 mm. SX3411 ZnS0,
11.4 g+ L', 5.0 g+ L', SX3411
0.000 6 g+ L™ ZnS0,.0.06 g+ L' CaCl, > > CaCl, >
7ZnS0,. Design¥xpert
27.22 mm SX3411
11.4g+L7", 5.0 g+ L™'\ZnS0O,
3 0.000 6 g+ L™"'.CaCl,0.06 g * L
27.22 mm
SX3411
4
SX3411
pH 2% ~ 1 Chatterjee C Paul M Xie Lili et al. Biosynthesis and mode
4% SX3411 of action of lantibiotics J . Chem Rev 2005 105(2):633-
684.
2 Knerr P J Van D. Discovery biosynthesis and engineering
SX3411 40% ~ 50% o . . .
of lantipeptides J . Annual Review of Biochemistry
5X3411 2012 81( 1) :479-505.

: 3 Miiller W M Schmiederer T Ensle P et al. In vitro bio—
SX3411 25 ~30 C synthesis of the prepeptide of type-lll lantibiotic laby—
160 ~180 r * min ' SX3411 rinthopeptin A2 including formation of a C—C bond as a

post-translational modification J . Angew Chem Int Ed
2010 49( 13) :2436-2440.
4 Pag U Sahl H G. Multiple activities in lantibiotics-models
SX3411 ( for the design of novel antibiotics J . Curr PHarm Des
2002 8(9) :815-833.
) - ( ) ( Zns0, 5 Goto Y Li Bo Claesen J et al. Discovery of unique lanthi—
CaCl,) SX3411 . . .
onine synthetases reveals new mechanistic and evolution—
ary insights J . PLoS Biol 2010 8( 3) : €1000339.
6 Kodani S Hudson M E Durrant M C et al. The SapB mor—
SX3411 pHogen is a lantibioticdike peptide derived from the prod—
uct of the developmental gene ramS in Streptomyces coeli—
Design—EXpert color J . Proc Natl Acad Sci USA 2004 101 ( 31):
11448-1453.
o) 7 Piper C Cotter P D Ross R P et al. Discovery of medical—
pH . . ly significant lantibiotics ] . Current Drug Discovery
. . SX3411 Technologies 2009 6( 1) : 148.
8 Breukink E Wiedemann I Van K C et al. Use of the cell
> wall precursor lipid II by a poreforming peptide antibiotic
pH > > > : DesignFxpert ] . Science 1999 286( 5448) : 2361-2364.
SX3411 9  Gross E Morell J L. Structure of nisin J . Journal of the
pH  8.25, American Chemical Society 1971 93( 18) : 4634-4635.
170 r » min~'. 30°C. 38% - 10 Rogers L A. The inhibiting effect of Streptococcus lactis on
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Lactobacillus bulgaricus ] . Journal of Bacteriology 13 Deng Yun Li Congzi Zhu Yiguang et al. Apnl a trans—
1928 16(5) :321-325. membrane protein responsible for subtilomycin immunity
11 Delves-Broughton J Blackburn P Evans R J et al. Appli- unveils a novel model for lantibiotic immunity J . Ap-—
cations of the bacteriocin nisin J . Antonie van Leeu— plied and Environmental Microbiology 2014 80 ( 20) :
wenhoek 1996 69( 2) : 193202. 6303-6315.
12 Phelan R W Barret M Cotter P D et al. Subtilomycin: a 14 . SX3411
New Lantibiotic from Bacillus subtilis Strain MMA7 Isola— subtilomycin
ted from the Marine Sponge Haliclona simulans J . Mar J. 2019 45(12) :46-54.

Drugs 2013 11(6) : 1878-1898.

The Optimization of Fermentation Conditions Producing Antimicrobial
Substances from Bacillus subtilis SX3411

FENG Lei' WEI Weiqun® FU Mingjia'~ XIAO Shiping® YE Dexiao' ZHONG Xueqing' HUANG Ziyan'
(1. College of Life Sciences Jiangxi Normal University Nanchang Jiangxi 330022 China;
2. Jiangxi Tianjia Bioengineering Company Limited Nanchang Jiangxi 330200 China)

Abstract: Bacillus subtilis SX3411 strain has subtilomycin gene cluster and its main antimicrobial component is
subtilomycin. The effects of Bacillus subtilis SX3411 on the production of antimicrobial substances under different
fermentation conditions and nutritional components are analyzed by single factor method. According to the single fac—
tor analysis the response surface methodology is designed to analyze the bacteriostatic substances produced by Ba—
cillus subtilis SX3411. The optimal fermentation conditions and the optimal nutrient composition are obtained by re—
sponse surface methodology. The results show that the optimum culture conditions are initial pH 8. 25 rotational
speed 169 r * min ' temperature 30.24 °C liquid loading 37.9% inoculation quantity 1.46% and the predicted
value of bacteriostasis circle diameter is 30. 04 mm. The optimum medium is glucose 11.4 g » L™' yeast powder
5.0 g+ L' zinc sulfate 0.000 56 g * L™" calcium chloride 0.059 5 g » L™" and the predicted value of bacterio—
stasis circle diameter is 27. 83 mm. The actual measured value is in good agreement with the predicted value. This
provides a basis for the production of lantibiotic subtilomyein.

Key words: Bacillus subtilis SX3411 strain; bacteriostatic substances; fermentation; singlefactor analysis; response

surface methodology



