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| solation and optimization on spore-for ming conditions of
Bacillus coagulans
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(Jiangsu Wecare Biotechnology Co. Ltd., Suzhou, Jiangsu 215000, China)

Abstract: [Background] In addition to the general function of lactic acid bacteria, Bacillus
coagulans have strong biological properties of resistance to acid, bile salts, heat and easy storage.
[Objective] Screen a strain of Bacillus coagulans from pickle to apply for the preparation of
probiotics and optimize its sporulation rate as a guide for further industrial production. [M ethods]
Bacillus with good antibacterial effect screened by specific culture conditions, are identified by
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specific primers, 16S rRNA gene sequence analysis and physiological & biochemical experiments.
The single-factor and orthogonal experiments are used to optimize the spore-producing conditions.
[Results] Bacillus coagulans BCO1 with a strong inhibitory effect to Escherichia coli CVCC 1527,
Salmonella typhimurium CVCC 2228, Clostridium perfringens CVCC 46 and Salmonella
choleraesuis CVCC 503 was screened. Its survival rate under 120 min of gastric acid treatment is up
to 94%. 84.3% after 6 h in the 0.3% bile salt solution. The best medium is obtained by single factor
and orthogonal experiment optimization. The optimized formula includes, molasses 10.0 g/L, yeast
leaching powder 20.0 g/L, NaCl 5.0 g/L, K,HPO, 5.0 g/L and MnSO, 10.0 mg/L. The optimum
culture conditions are as follows, inoculation quantity 4%, temperature 45 °C, initia pH 7.0,
rotational speed 200 r/min, culture time 36 h. Under the conditions, the number of viable cells up to
6.7x10° CFU/mL and the rate of sporulation 89.2%. [Conclusion] Bacillus coagulans BCO1 for
microecological preparation was screened. The sporulation rate of Bacillus coagulans BCO1 was
optimized. It will lay down afoundation for industrial scale production of Bacillus coagulans.

Keywords: Bacillus coagulans, Screening, Spore, Optimization
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2L

1.3 EFE

TYG (g/L) 10.0

10.0 50 KyHPO, 4.0 NaCl 5.0
MnSO, 0.015 pH 6.8-7.0 1.5%

(g/L) 10.0
K,HPO; 1.0 MgSO; 1.0 NaCl 1.0 (NH.),SO4
50 CaCO; 20 FeSO, 0.001 MnCl, 0.005
ZnS0,0.001 pH 6.8-7.0

(gL)
10.0 20 5.0
0.04 0.2 15.0
109 100 mL
1 mol/L pH
0.68 g 100 mL
1 mol/L pH
6.8 1049
C (g/L) 10.0
10.0 NaCl50 pH6.8-7.0
N (g/L) 5.0 NaCl 5.0
pH 6.8-7.0
(g/L) 5.0
10.0 3.0
2 Fik
21 EMFEREE
10g 90 mL
250 mL 10 min
65 °C 10 min
2 mL 50 °C

200 r/min 36 h 1 mL
10
50 °C 48 h
luL TYG 50°C
37 °C

P1 P2
(1 PCR PCR 10xBuffer (
MgCl,;) 2 uL dNTPs (2.5 mmol/L) 1 uL P1

P2 (10 umol/L) 1 puL Tagq DNA Polymerase
(5U/uL) 0.1 puL DNA luL ddH,O 13.9 uL
PCR 95 °C5min 95°C30s 48 °C
30s 72°C2min 30

16S
rRNA P3 P4( 1)
(PCR )  PCR
¢ )
GenBank  16S rRNA
BLAST 16S rRNA
>99%

F1 45RM514970 16SrRNA EERIER S
Table 1  Specific primers and 16S rRNA gene
universal primers

Primer name Primer sequences (5'—3)
P1 GTCACGGAAGAGCAAGCTTG
P2 GTTTCTGAAATGTATGCACG
P3 AGAGTTTGATCCTGGCTCA
PA GGTTACCTTGTTACGACTT
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22 BEFRTETFENE 15 20 30 mg/L
221 MRIUE R
3% 50 mL TYG 50 mL (250 mL )
50 °C 200 r/min 50 °C 200 r/min 48 h
4°C 6500r/min 15min
pH

15 25 35 37°C 2h

233 EFEHMKL
222 MIREENIRIE

01% 0.3% pH 4 5
05% 1.0% 2.0% 3.0% 1mL ( 2 4
9mL 37°C 3% 48 h
6h pH 7.0 45 °C
223 MmERRE pH
0.1 mL TYG
37°C 234 201 B LRSS
10 L
224 2MFIMHRAE 80 °C 10 min 20 L
GB15193.9-2014
1822 15 3d 1 3 24 MESE
0.25 g/mL 0.4 mL ( 241 EHBH
15 000 mg) 14d [13]
242 TFRHEMNE
2.3 BREFHTFESBRML 80°C 10 min
231 #FIESR
2mL TGY
TGY 2 EFRFHEENBERRSKE
o Table 2 Factors and levels of orthogonal test for
50°C 24-48h culture conditions
232 EFERSHMRK Level
Factors

1 2 3 4 5
2 4 6 8 10

Inoculation amount (%)
5.0gL 12 24 36 48 T2

Culture time (h)
37 40 45 50 55

5.0 g/L
Culture temperature (°C)
pH 60 65 70 75 80
( ) 0 5 10 Initial pH
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243 FRFETEAR PCR PCR
=( / )*x100% GenBank 16S
3 R EME rRNA BLAST
ot ottt 3t s . 16S rRNA
31 REFEMTENMELEEREFEMR
20 100%
BCOL_BCAO BCO1 TYG 36 h
5  (BCOL BCO9 BCl6 BC20 BC35) 2 mm-3 mm
4 (
) BCO1
1 5 BCO1 ( 3
5
PCR BCO1 16S rRNA
300bp  ( BCO1
292 bp)( 2) BCO1  16S rRNA (Bacillus coagulans)

B 1 BCOl. BC09. BC16. BC20. BC35 %} 4 FhE i HIINHIRR
Figurel Theinhibition effect of BCO1, BC09, BC16, BC20, BC35 on four kinds of pathogenic bacteria

A B C

Note: A: Escherichia coli CVCC 1527; B: Salmonella typhimurium CVCC 2228; C: Clostridium perfringens CVCC 46; D: Salmonella

choleraesuis CVCC 503.
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Figure2 Electrophoresisanalysisof PCR product

= 3 E#k BCOL TR (LAFIE
Table 3 Physiological and biochemical characteristics
of strain BCO1

BCO1

Parameter Strain BCO1
Gram stain +
0.02% 0.02% Sodium azide +
50°C 50 °C growth +
Anaerobic growth +
Oxidase +
Catalase +
Glucose acid production +
Methy! red +
V-P V-Ptest +
Starch hydrolysis +

Indole production

7% 7% Sodium chloride

+ - .
Note: +: Positive; —: Negative.

pH 2.0-3.0

1-2h pH 15 25 35
2h 4 pH
pH
25 pH35 120 min 30 min
96%
5
0.5% 80%
BCO1 6

* 4 REETFMTE BCOL AR B iRP EIEER

Table 4 Survival of Bacillus coagulans BCOl in
simulated gastric juice (CFU/mL)

pH 0 30 min 120 min
15 2.82x10° 1.92x10° 1.25x10°
2.5 2.95x10° 2.86x10° 2.76x10°
35 2.79x10° 2.67x10° 2.58x10°

+*5 BLETFMMTE BCOL EARRIBEREFFEER
Table 5 Survival of Bacillus coagulans BCO1 in
different bile salt concentrations

Bile salt Living bacteria Survival rate
concentration (%) (CFU/mL) (%)
0.0 3.12x10° 100.0
0.1 2.50x10° 91.2
0.3 2.00x10° 84.3
0.5 1.70x10° 80.1
1.0 1.20x10° 73.0
2.0 9.80x10’ 59.0
3.0 7.30x10’ 239
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* 6 REFHOME BCOL 5ENMEAYRIMHEEAEM
Table6 Compatibility of Bacillus coagulans BCO1 with common antimicrobial agents

Antimicrobials Bacteriostatic ring diameter (mm) Sensitive degree Compatibility
Penicillin 22
Oxacillin 23
Ampicillin 24
Carbenicillin 29
Oxypiperazine penicillin 21
IV Pioneer [V 29
V Pioneer V 39
VI Pioneer VI 411
Cephalosporins 42
Fu Daxin 32
Bacteriamust rule 36
Pioneer 30
Amikacin 20
Gentamicin 16
Kanamycin 21
Neomycin 15
Tetracycline 31
Doxycycline 29
Minomycin 26
Erythromycin 25
Chloramphenicol 37
Sulfonamide 2
B Polymyxin B 8
Bacitracin 2

32 REFHITE BCOLISHFERY RISFHFEH
BCO1 it
MTD>15 000 mg/kg

BCO1

BCO1 421%  46.1%
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Mn?*
[14]
L-
[15]
6 9 Mn?*
8
BCO1 5 Mn®* 10 mg/L
(2.5x10° CFU/mL) 5 mg/L Mn?*
375% 59.5% 3 71.4% Mn**
Mn?*
30 mg/L 21.4% Mn®*
10 mg/L
3 3 ( 10)
11
R 7 TREBREXER SR FRAHERFN
Table7 Effect of carbon sourceon living cell and spore
Carbon source Living bacteria (CFU/mL) Spore number (CFU/mL) Spore production rate (%)
Glucose 1.0x10° 2.5x10" 25.0
Sucrose 2.6x10° 6.0x10" 23.1
Maltose 8.0x10’ 3.0x10’ 375
Soluble starch 1.9x10° 8.0x10’ 42.1
Bran 1.5x10° 4.0x10" 26.7
Molasses 1.8x10° 8.3x10" 46.1
# 8 ARIAFEXERH KR FAHERIFN
Table8 Effect of nitrogen source on living cell and spore
Nitrogen source Living bacteria (CFU/mL)  Spore number (CFU/mL) Spore production rate (%)
Yeast extract 1.9x10° 7.0x10° 36.8
Peptone 8.0x10’ 3.0x10’ 375
Soybean cake powder 1.0x10° 3.0x10’ 30.0
L eaching yeast powder 3.7x10° 2.2x10° 59.5
Ammonium chloride 6.7x10’ 5.8x10° 8.7
Ammonium sulfate 7.0x10’ 1.0x10’ 14.3
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*9 BETREMNEEHLFANENNE

Table9 Effectsof Manganeseion concentration on living cell and spore

Manganese ion concentration (mg/L) Living bacteria (CFU/mL) Spore number (CFU/mL) Spore production rate (%)
0 2.5x10° 7.0x10° 28.0
5 3.0x10° 8.0x10’ 26.7
10 3.5x10° 2.5x10° 714
15 3.0x10° 1.8x10° 60.0
20 2.5x10° 1.1x10° 44.0
30 1.4x10° 3.0x10’ 21.4

®10 BEFEMSMUMERERSKF

Table10 Orthogonal factorsand levels of medium composition optimization

A B C
Leve A Molasses (%) B Leaching yeast powder (%) C Manganese sulfate (%)
1 0.5 1 5
2 1.0 2 10
3 20 3 15

® 1 BEREMSPERIRIELER

Table11l Resultsof orthogonal test for medium compositions

A B C
The experimental group A Molasses (%) B Leaching yeast powder (%) C Manganese sulfate (%) Spore production rate (%)

1 1 1 1 1 55.9+1.9
2 1 2 2 2 63.4+2.3
3 1 3 3 3 57.39+1.3
4 2 1 2 3 75.4+1.5
5 2 2 3 1 85.1+1.9
6 2 3 1 2 72.1+0.17
7 5 1 3 2 55.4+1.6
8 3 2 1 3 59.5+1.8
9 3 3 2 1 62.7+2.4

1 Average 1 58.3 61.7 62.0 67.3

2 Average 2 77.3 69.0 66.7 63.3

3 Average 3 58.7 63.7 65.7 63.7

Range value 19.0 7.3 4.7 4.0
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45°C BCO1
A>B>C AsB-C, 65.4%
4% 45°C
10.0 g/L 20.0 g/L NaCl pH 7.0 36h
509/L K;HPO,50g/L MnSO,10.0 mg/L 3.3 20L BohkEmEG SO REESH
3
4% (65.1%) 20 L
( 3A)
pH 10.0 g/L
36 h 20.0 g/L NaCl 5.0 gL K;HPO, 5.0 g/L MnSO,
36 h (69.1%) 36 h 10.0 mg/L pH 7.0 45°C
10 L/min 200 r/min
( 3B) pH 40%
64.2% 3C 48 h
BCO1 4
A B
80 - 80 -
70 70
S £ 60+
g 50t 2 50l
g a0t £ 40+
= Z 30}
Q =}
& 20+ @20 -
10 - 10
0 | 1 1 1 | | 0 1 1 1 1 I 1 ]
2 4 6 8 10 12 24 36 48 60 72
Inoculum (%) Culture time (h)
C D
80 - 80 -
70 - 70 -
S 60 £ 60
g 50| £ 50}
g 40 - g 40
S 30k e 30F
[=] =]
& 20 &k
10 - 10
0 1 1 1 1 1 I 0 1 1 L L1
6.0 6.5 7.0 75 8.0 40 45 50 55
Initial pH Temperature (°C)

3 $EME(A). HEFEIE(B). #16 pH 1E(C). R (D)X= ZEF M
Figure3 Effectsof inoculum (A), culturetime (B), initial pH (C), temperature (D) on sporulation rate
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10 - 100
P Living bacferia 190
E g | = Number_of spores 180
=) — Sporulation rate =
5 Tr 4170 &
E 1460 3
< st 150 8
5 4| 140 =
151 = [19] 2+
£ 3t 130 £ Mn
wn
2 a2l 120 [20-21]
2
= 1L =410
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El4 20L REFEPEEE. FRBETRERMAML

Figure 4 The curve of living bacteria, number of spores

and sporulation ratein 20 L auto fermentation tank
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