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Optimization of Sporulation Medium and Fermentation
Conditions for Bacillus pumilus HR10
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Abstract  Bacillus pumilus HR10 is an excellent strain with growth-promotion and anti-adversity effect. Exploring the
optimal fermentation and culturing conditions for sporulation of HR10 strain has an important guiding significance for
the production and fermentation on a larger scale. The number of bacterial cells and gemmae were counted by diluted
spreading plate method and calculated the gemma rate. Carbon source nitrogen source and inorganic salt for HR10
strain sporulation medium were analyzed by single factor and orthogonal test and the single-factor optimization of sev—
eral fermentation factors affecting HR10 strain sporulation was carried out by shake flask fermentation. The results
showed that the best components of the sporulation medium of strain HR10 were: glucose 1% molasses 1% soybean
cake powder 2% KCl1 0.3% MnSO, 0.4% . The optimal fermentation conditions were: 37 C pH7 250 mL flask
filled 50% volume with liquid inoculation volume 5% rotation speed 220 r/min cultured for 52 h. The number of
gemmae can reach 2.37 x 10" cfu/mL  and the gemma rate can reach 94.46% . As compared with initial medium
the number of gemmae increased by 60. 77 times and laid a foundation for its industrialized production.

Keywords Bacillus pumilus; HR10 strain gemmae; medium composition; fermentation conditions; orthogonal test

(201304404)
o E-mail: 760178241 @ qq. com
o E-mail: jrye@ njfu. edu. cn
120200740



38 41
o ( Micro— ( Mycorrhiza helper
ecology) “ 7 bacteria MHB)
5 6 21 »
’ HR10
Rl Rl
i o, 13.1% . HR10
Rl
10
N HRI10 o
( Bacillus amyloliquefaciens) JK-AH7 ? HR10
. ( Rhizoctonia sp.)
85.
58% o HR10
e ( Botryosphaeria do— o HR10
thidea) . " . .
14 15
16 1
( Rahnella aquatilis) JZ-GX1 1.1
1.1.1 ( Bacillus pumi-
o lus) HR10

10 1546

( endospore)

20

( Bacillus amyloliquefaciens) GM-4 4
7.40 x 10
clu/mL.  89.42%
o ( Bacillus
pumilus) HR10 -
( Rhizopogen luteous Rl)

( CCTCC NO. M2010143) .

1.1.2 (g/L) @
(NA) : 3 NaCl 5 10 18
1L pHT7.2. @ (
LB) : 5 10 NaCl 10
1L pHT7.2, B ( LB) :

5 10 NaCl 10 18

1L pH7.2.
1.1.3 ( TS-
211GZ )
(SW-CJ2D );pH (IB/
T 7815 - )
( JKAWB20B )

( HVE-50 )

1.2
1.2.1 -80 C
HR10



2 : HR10

LB 28 C 24 ho
50/250 mL.  NA
28 °C 200 r/min 18h™.
1.2.2 1%
( ) LB
LB 50/250 mL 28 °C 200 r/min
18 h .
1.2.3
o 107" ~
10°% 10°°.1077.10°®
200 pL 24 ~48h LB
28 °C 24
~48 h .
80 °C 10 min
(%) = / x100% * .
1.2.4
LB 0+
8.16.28.40.52.64.76.88.100 h
o 2%
( ) 50/250 mL 28 °C
200 r/mino
1.2.5 @ Da.
. LB
250 mL 40% ( )
2% ( ) 200 r/min 28 °C 64
h .
. 0.3%.0.5%
0.8% 1% 2% 3% 4% 5% 8% 10% (
)
o b.
x . LB

0.3%.0.5% 0.8% 1% 2% 3% -~
4% 5% ( )
®3 o C.

39
: # KCl1
HR10 KCl
0.1% ( ) K,HPO, * 3H,0.MnSO,.

NaCl. FeSO, * 7H,0. CaCO,. KH,PO,. FePO, -
4H,0.ZnS0,MgSO, * 7H,0

Da
0.3%+0.5% +0.8% 1% 2% 3% -~
4% 5% ( ) Da+ Db
Da
o 3 o
@
( ) Ly(3°) (
1) HR10
Da 3 o
1
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Fig. 1 The number of bacteria spores and spore

formation rate at different times
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spore formation rate of HR10 strains with different carbon source
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Fig.4  Viable bacterial count spore count and spore rate of

HRI10 strains in different carbon source concentrations
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Fig.5 Viable bacterial count spore count and spore rate of

HRI10 strains in different nitrogen source concentrations
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Fig. 6 Viable bacterial count spore count and spore rate of

HRI10 strain in different KCI inorganic salt concentration media
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Fig.9 Viable bacterial count spore count and spore rate of

HRI10 strain in different temperature media
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of HR10 strains in different media with different liquid volume

http://www.cnki.net



2 : HR10 43

50% - 2.4.5 13
2.4.4 12 HR10 N
5% 1.99 x 10" cfu/mL 220 r/min
5% 2.47 x 10" cfu/mL+2.35 x 10" cfu/mL
15% 94.70% 220 r/min
3.59 x 10" cfu/mL. .
HR10 220 r/min HR10
5% . .
| s BRI I A
1 2R 1 2L
400.00 —e— iR a 712000 30000 —e— ALK 12000
—~350.00 [
= 30000 F 250,001 7100.00
B =
£25000 *f 200,00 80.00 £
éZO0.00 i g :E 150.00F b b b 460 ooé%
=150.00 ] ’ 3 =i b 60.00 &
e : = ™=
10000 ﬁg% 100008 ¢ . —40.00
IR s0.00F : ®E ) ¢
oo . HIHS 50.00- +20.00
' 3.00 5.00 8.00 10.00  15.00 -
) 000 1 1 1 1 0
FERE/% 160 180 200 220 240
12 HR10 !Hj]%/(r min")

~

13 HR10
Fig. 12 Viable bacterial count sporecount and spore rate of

~

HRI10 strains in different inoculum media ) ) )
Fig. 13 Viable bacterial count spore number and spore rate of

HRI10 strain in different speed culture media

| s R G
7154
30000 —@— R 9 120.00
-~ 250.00 100.00
=

§ 200.00 80.00 §
& 150.00 6000 2
= x

FHR 10000 40.00

EE
SR 5000 20.00
0.00 L L 0.00
36 40 44 48 52 56 60 64 68
t/h
14 HR10 N
Fig. 14 The number of viable bacteria spore number and spore rate of HR10 strain at
different time under the optimal medium and culture conditions
2.4.6 14 52 h
24 h 2. 60 2.37 x10" cfu/mL
x10" cfu/mL 40 h 52 h 94.46%

52 h o 52 ho

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



44

41

HRI10
1% - 1% -

2% \KCl 0.3% « MnSO, 0. 4% .

37 °C\pH 7.250 mL 50%

5% - 220 r/min. 52 h.

27
* ( Bacillus subtilis) B201

(g/L): 3, 10. 10, 10

K,HPO, 2.Na,HPO, 2.MgSO, 0.5.MnSO, 0.5

o

( Bacillus pumi—

lus) HR10
HR10
HR10

29

HR10
30 Mn2* .
Ca’" Mg’ " \Fe’*
31
Mn®* HR10
M1’12 + 24 an +

HR10
3233
25 C 28°C 32 <C HR10
B. pumi-
lus HR10
o 35~37%C 37 C
o pH
pH
34
( Lactobacillus sporo—
genes) D pH7 pH2
6 o ( autolysin)
pH-
2
35
3638
1 . J.
2014 46(1):12.
2 J

1996 9(5) :62490.

3 Andivia E Marquez-Garcia B Vazquez—Piqué J et al. Autumn
fertilization with nitrogen improves nutritional status cold hardi—
ness and the oxidative stress response of Holm oak ( Quercus
ilex ssp. ballota Desf.
2012 26( 2) :311-320.

4 Blake L. Johnston AE Goulding KWT. Mobilization of alumin—

Samp) nursery seedlings J . Trees

ium in soil by acid deposition and its uptake by grass cut for
hay-a Chemical Time Bomb ] .

2007 10(2) :51-55.

Soil Use & Management



HR10 45

5 I J. 2014

2002 10(2) : 106408. 42(5) :110414.

6  Mehrotra A Mehrotra MD. leaf blight of some forest trees. J . 23 .4
Indian Journal of Forestry 2000 23(2) :142448. I ( )

7  Matthews JW Clay K. Influence of fungal endophyte infection 2011 35(1) :4346.
on plant-soil feedback and community interactions J . Ecolo— 24 Bacillus pumilus
gy 2001 82(2):500-509. HRI10 J. 2014

8  Zou YN Srivastava AK Wu Q et al. Glomalin—related soil pro— 34(6) :22-28.
tein and water relations in mycorrhizal citrus ( Citrus tangerina) 25 D .
during soil water deficit J . Archives of Agronomy & Soil Sci- 2013.
ence 2014 60(8) :11034114. 26 M . : 2016: 85.

9  Tika B Adhikari CMJG. Evaluation of bacteria isolated from 27
rice for plant growth promotion and biological control of seedling J. 2007 26(4):121-
disease of rice J . Canadian Journal of Microbiology 2001 47 126.

(10) :916-924. 28 B201
10 D . J. 2016 32(5) : 650-656.
2017. 29 C2

11 Beckman TG Pusey PL Bertrand PF. Impact of fungal gummo- ] 2014 30(36) : 155460.
sis on peach trees J . Hortscience 2003 38(6) : 11414143. 30 Sandhu DK Kalra MK. Effect of cultural conditions on produc—

12 Brown EA Britton KO. Botryosphaeria diseases of apple and tion of cellulases in Trichoderma longibrachiatum J . Transac—
peach in the southeastern United States J . Plant Disease tions of the British Mycological Society 1985 84(2):251-
1986 70( 5) :480-484. 258.

13 Venkatasubbaiah P. Effect of phytotoxins produced by Botryo— 31 Daniel RA Errington J. Cloning DNA sequence functional
sphaeria obtusa the cause of black rot of apple fruit and frogeye analysis and transcriptional regulation of the genes encoding di—
leaf spot J . Phytopathology 1991 81( 3) :243-247. picolinic acid synthetase required for sporulation in Bacillus sub—

14 Wright AF Harmon PF. Identification of species in the botryo— tilis J . journal of molecular biology 1993 232(2) : 1483.
sphaeriaceae family causing stem blight on southern highbush 32 Bacillus
blueberry in florida J . Plant Disease 2010 94( 8) : 966-971. amyloliquefaciens 12-82 I

15 D . ( ) 2019 40(3) :52-60.

2017. 33 ASAGW-

16 .3 10 J 2018 26(4):50-

I ( ) 2017 54.
41(4) :186490. 34 D4

17 — C . : 2004:840.

. y o 1991 1(18) :1-54. 35 Peighambardoust SH Tafti AG Hesari J. Application of spray

18 drying for preservation of lactic acid starter cultures: a review

6-59 J. J . Trends in Food Science & Technology 2011 22(5):1-
2008 35(5) :443447. 224.

19 Spinosa MR Braccini T Ricca E et al. On the fate of ingested 36  Ananta E Volkert M Knorr D. Cellular injuries and storage
Bacillus spores J . Research in Microbiology 2000 151(5): stability of spray-dried Lactobacillus rhamnosus GG J . Inter—
361-368. national Dairy Journal 2005 15(4) :1-409.

20 GM44 37 Boza Y Barbin D Scamparini ARP. Effect of spray-drying on

J. 2018 49 the quality of encapsulated cells of Beijerinckia sp. ] .
(12) :24542462. Process Biochemistry 2004 39( 10) : 12754284.
21 J. 38 Chavez BE Ledeboer AM. Drying of probiotics: optimization of
2001(4) :7348. formulation and process to enhance storage survival J . Drying
22 - Technology 2007 25(7-8) : 11934201.



