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Abstract

The culture medium and culture conditions of Bacillus subtilis Bs-W5 were screened and opti-
mized in the paper. Corn flour and soybean powder were used as carbon and nitrogen sources re-
spectively, and CaCOz and MnSO, were added as inorganic salts to promote bacterial growth. The
best shake flask culture conditions are as follows: temperature of 32°C, liquid volume in flask of 75
mL/250mL, inoculation amount of 5%, rotation speed of 200 r/min.
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1. 5|8

MAE AR s 3 23 B B — MR BT IR B B R, 4 % A B SE F AT 1 (Bacillus subtilis),
%N Bs-W5. Bs-W5 X 3ERE R B (Valsa ambiens) ¥W 5097799 B (Dothiorella gregaria)~ & F2 4k J)
(Fusarim solani)~ %] &[5 T (Botryosphaeria dothidea)Z5 SR YR &R A5 WH) K %A W (Escherichia
Coli)~ 43 to7H EI BRI (Staphylococcus aureus)Y2) A AN [FRIFEEE AN HIAE 1] [2]o A SCHLHE 1A BL2F AUAT A
Bs-WS5 FRIRRE 77 34 5y DL R 5 7R 46 A
2. SEEFH ST
2.1. K EHk

FEELZERIMF B Bs-WS, HHASLE0 % 70 B LR o
2.2. BFEMBERFG

HERE R AR IR 4B 3 g, BREE 10 g, NaCl 5 g, BiJI§ 16 g, 7K 1000 mL, 75 pH & 7.0~7.2;
MR IRE: FEME20g, EAM10g, BEFE Sg, 7K 1000 mL, 75 pH £ 7.2;
DL EREFRILIGLE 121°C 44 T K 20 min;
VIMERE 2 4 FEFRIRE 30°C, #5180 t/min, M 5%, R 100 mL/250mL.
2.3. SEESRAF

WUR: BAERE, EOKW, JERE, WIVEMEVERr, ANEERr, FLBE, FIEHE
ﬁj}ﬁ EEHFH E%%’ L'Fli‘]%, j_\‘_\EL%J\’ E%J\’ )77{%%’ (NH4)2SO4’ KNO}.
TeHLEE: MgSO4, MnSO,, CaCO;, KH,PO4.

3. L FE
3.1. FEEBUNE

RSP AR R T B T BOER A AR SRR EERRE 2, 20 IE 1 3 BB EE % 0.1 mL 1 WA
BRI B B AR IR, RERATRE TS 080T« Re R 1 WU B TR SR U, TN BRI 9748 30°C
Hi9% 20~24 h, FrHMBLREEITG T3], R =TT

3.2. Bs-W5 fEMTFIEFR B rh A9 4 K shEk T E
AL RIS IR AT Bs-WS IR R E R AR IR D37 24 h )5, F5Fh 3 R BIMF R 3R 3EH, Fh
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Tk &

THEFREEBORE 50 mL/250mL, fE 30°C. 180 r/min 5 FIEFR, ARG 2 h M B IR FE P TR R 4, 22
AR [4]

3.3. REEEFEA D HITHE

1) VIR iR 30°C, #3180 r/min, 2EVE 100 mL/250mL, fEFh & 5%, SR EH: 22 h [5].

2) ARABRIEST Bs-WS i B B 52

DIVIGGEE FRIECRIET IS, RO, MgS0O,, KH,PO,) NEERY, IEREAFMBIRERE, ARy, &
Kb, ANEEHE, FURE, IR REHIERIBRIE A E, ERIME KB AAT T REFR 12 h J5 RS 6 h BUREI
SETEAL6], BRI T 8] (o] @, T B IR 355 77 k1 IR N [ ¥ h 72 he

3) AEEIERT Bs-WS i B ZU 52

H IR GG H BB S T AR R TR R BORIR, RSB FM EIREREE, RE, KEk, f
¥, JREE, (NHg),SO4 KNO3)KE KM EIRE FR(7], EWILE R %1 N H59% 12 h J5 &R 6 h B
5 I R

4) TEHLERXT Bs-W5 175 1 25 1 520

H4 07 126 L B BRVR AN R e ) U 3 TRk TR B BUR,  IRYE R DS AE (8] A B AR R TR A 5
g/L CaCO;3+ HIIA 0.2 g/L MnSOy4. JIA 5 g/L CaCO; Al 0.2 g/l MnSO, —F R [FAE L N Bs-W5 HIAEKE
B, PAAHIIN CaCO; il MnSO, 2 AN R . WIUAEE IR 56 4F T REFE 12 h J55EF% 6 h e i& B 4L

5) TR EIR AR Rk B IR A0 Bs-W5 A K IR

TE G H ARIRRUR 5005 OV 3k 77 5 b o N T Al it 1 267 W AT 8 U KINOs, NN S /L,
D% FE I R4 70 N A RE 5 g/L, TRy 15 g/L, KNO, 5 g/L, KEH 15 g/L, MgS0,42 g/L, KH,PO, 0.5 g/L,
CaCO; 5 g/L, MnSO,40.2 g/L [8]. FAME R I & HEA A KNOs N—4, RINA KNO; AN %) b
NAAN—, RPN EHER KNO; xR, 53% 12 h J5&ER% 6 h &5 #[9]

3.4. ERMABIEFFOMRK

AR o 7 A VRS B R I TR A & e & 25, SRA BN 250 [ 10] 05 pH {E. 55 FRIREE
PR R P R AR R85 AN RIZAT Bs-WS B2 A B (1T 5E 1 o

1) pH &

250 mL #EFEHE A A3 100 mL 55373%, A 1 mol/L ) HCI A1 NaOH ¥R i 5 55 77 2L 1 pH {43 731
H: 4y 5. 64 7. 8. 9. 10, MG 30°CHiFE, HiFF 12 h [5T9RE 6 h BRI e W& 2 11].

2) R

250 mL HETE I %6 N 100 mL #5578 3%, #RRFH 1 180 r/min, 43 AIAE 25°C. 27°C. 30°C. 32°C,
35°C. 37TCHM NRIAREEFE, HEF% 12 h J5BERE 6 h HURE I & 7% B 4

3) I E

JEIR BN 32°C, BRI 2 A : 25 mL/250mL 50 mL/250mL. 75 mL/250mL+ 100 mL/250mL
125 mL/250mL, #%5% 12 h J5%&ERE 6 h HUREI 52 35 B 40

4) HephE

250 mL #EH B3N 75 mL 5595, HMES BN 3% 5% 7% 10%, 357512 h 58 6 h
HORE 58 0 4, BRI A 72 he

5) FEIRHLHE

250 mL HEIL BN 75 mL K5 9E3E, FhrE53% 22 h AR, BRIRIRE RN 32°C, HES BIWN
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B

140 r/min. 160 r/min. 180 r/min. 200 t/min. 220 r/min, ¥%3% 12 h J54FF 6 h BUREI B vE @ 5, 12350 A
R T2h[12].

4. IRGERE R
4.1. Bs-W5 EFMFIEFEP R E L

T B IR H R A R R TT 4R, A B R/ (AL AN A e i R A o BB, 4
A [A)L 5, AR IR AR AR RO D, R AR A R, A AR, AR
B, WAREPERRIR[13], XPRERSRE MR AR, Bl Bs-W5 fER 71535 2 v B0 AR i A0 484
RIS FRAA G HEME[14], DB Bs-WS5 A KBRS A] . Bs-W5 (EFpF R 775 2R
K Ze i 1 pros:

10 ~

——CFU

B (108 cfu/mL)

O T T T T T T T T T T T T T T T T T 1
2 4 6 81012141618202224262830323436
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Figure 1. The curve of between viable count and incubation time in the seed medium

& 1. Bs-W5 M F IR R R EE M S 155 A E) ph 2 (&

WL LT U th, R AR Bs-WS £EAT 6 h A FVREN, BS FFAASEAOIIE, 12 22 b B
HUKBIE(8.80 % 10° efu/mL), 22 h I 5 MO PRI IF# TRLE , UL R FH A TFARER,
RSO Bs-WS JFAA KRB AL, BTBh, BT ROBERI 5 9 22 h

4.2. BEFELASHTFESER

1) BRIR i 45 R

BRIk AR B N AR 0 A K TR SR P i e, R AN DA ) F 4 5 A A Al e 7 4 o i f
B E RV [15]0 AN A BRSO B8 e e O b R AN 45 R 38 B2, AL A 20 2R & 25 FEAN [ B X
Bs-W5 AEAKAGBLHITEMA Rl 52 AT B Bs-W5 £EAN R BRIE H B AL KAF L an ] 2 PR

ME 2 (SRR LR 2, 8 7 FRERIE, AR AN KOk T R AR s, DU AR 0
Houdm, (HR = Z A ZEA K, (BB R LS K DAL AR BERA, 8 5K E N Bs-W5 KB BRI -

2) BRI %

KB B R B RSN B BRI A AR A5 A A AR 5T AR IR SR S BRI, [RIIREH mT DA T 44 1
AR AR R 16], BRI LA A HLEUEATTCHL AR, o, oL — BT DR A, A
T A BIE o Bs-W5 FEA K ZIR PR DL 3 o,

M Bs-W5 7ER AR A AE K IS i aT LU B, Bs-WS (R AR IS A BUe s i, Hkog 4w
BARER, T LW REBENEASERE, EFRKERE R TR RN ELHLEIF, KNO; FIRCR
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Figure 2. Effect of different carbon sources on viable count of strain Bs-W5
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Figure 3. Effect of different nitrogen sources on viable count of strain Bs-W5

[E 3. FRIFEXT Bs-W5 BIEEZAIS I

FERIFI, R B DR B AR IR N .

3) ToHLER TR

TR T AR KL IUT R, M ReisH S EMA R, SHEEENEfa e .
Ca™ EE S SRR A AR S FIEEYE . WY pH E %5 A S S0 AT WA A BRAS17]. 2B N
MnSO4. CaCO; LA K B8 i MnSO, i1 CaCO; X} Bs-WS5 HIAKABF WL an ] 4 B
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Figure 4. Effect of different inorganic salt on viable count of strain Bs-W5

& 4. SRMAR LN ELTT Bs-W5 SRE BB
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ERE 5F

Mgt SRR LA BRI MnSO,. RN CaCO; LUK [FII A8 MnSO, Al CaCO; = Ff i} 2 fia 4=
B AN W EER A (R A, FAh R8I MnSO, 1 CaCO; FIEIEAE FH 5 B 55, 37 1 K bk R 2 R0 A
P EE S, X ] B2y MnSO, il CaCO; #RRE WS Rk S FIII AR i, A1 TR A A R SRR AL e 4
SRR E BRI . UL, fERE IR P [E IR I MnSO, Al CaCOs.

4) SRR IR AR 2k B IR G Bs-W5 A K P52

FhELZF AR Bs-WS XA FEfR ZUR IR R EEANR], 2R BT 2 1 Je R R RO A 2R, A
FIF BERE R R PO A K, FFERSCEIE 20T, PR AR R . &R, MR DUCRIE B R A K
PR AT TR BN E TRV 18] Bs-WS TEAS [A] (18 e B 5 A= KA Bl an 1] 5 Fiom:

3.1 +
E 3 i R
$29 -
28 .
2.7 i
" .
ﬂgz.ﬁ j
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Figure 5. The effect of quick-acting carbon and nitrogen sources on viable count of strain Bs-W5

5. SRINEMER FEXT Bs-W5 SEE IS0

MBI ZR T DR B, R RR T 1 # & AT KNO; X Bs-W5 K3 B HCE A et fE i, 3
v RIS I B A KINO; /R HT e W32, AN & B IR o (BTN AN 7 S 5T 360 67 8 1 T o %
e R R 2 R 2R RO TR B IR ZESEIR X AT RE A2 RO M A X Bs-WS (25 f AR By SRR A o i H
PRI AR KINO; I WK i 1 KR 28 At A el A e bV - 7 RE S BRL D T (AR 78 T SHT RE 8 AR P S 288
MR DARIEAE A, 0 AN R B RE AR A (e dE A o i AFERE IR JE TP R IN KINOs A 93 R R

4.3. FERIEFFRFRMKL

1) ¥4 pH {8
B2 5 00 T A% 10 200 G S0 2 5 J ) P 4 O PA) I 1 5 P A 2 o B A P W B A AT S
RS, DR s IR 0 0 S G )46 pH {E[19]. #I46 pH {EXS Bs-W5 B4 KFZm 4] 6 .

mE A

35 B (1010 cfu/mL)
o - N w H [9,]

40 50 6.0 7.0 8.0 9.0 100
pH1E

Figure 6. Effect of initial pH on the viable count of strain Bs-W5
6. #1%E pH {EXT Bs-W5 SEE A/
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M E A4 pH AE AT Bs-WS 17 B A 00 45 S 0] LLE 31, pH AR I KR Ik /N0 3 R A= e 4l A
L pHAERN T, WEEERZ, LSRR pH EEA 7.0.

2) i

TRFERT AR R REM, LR G R 2% AU OB 45 H . IRFE RS R SR 10 & S TS E . RNA 1Y
g e EAEL %, M S B B A 0 AR FRIE B[ 20] . i 2 B W B A P9 R SRR (35 1, T S B
PRE A AR BT s ARIR 2 A0 B AR ARG IR BE e A I, A o R B 2 AT 1 B AR K218

/‘\5_
'§4_ WA
S 2
il
i
g 0 -
27

{mﬂE (C)

Figure 7. Effect of temperature on the viable count of strain Bs-W5

& 7. iBEX Bs-WS5 SRR A F2 M

M7 g R nl DU B, 38R R o g 20 RS T A, IR 32°CH, YRR Z .
FIT ASE 7R B 1 £ 32°C

3) IR E

%MW%WEE%%WE%WM@ﬁi,ﬁﬁﬁ%@ﬁﬁ%*ﬁﬁﬁﬁ AN 2 B R 1 A K BB e

S AR A R B R AU 21, RRI I e v 2 s e 21 B AR G S S RIS 68 T

5

E 4

2 3

s W E R
g1

W g

k= 100

T%ﬁﬂz@f?l; (mL)

Figure 8. Effect of liquid volume in flask on the viable count of strain Bs-W5
8. RiREST Bs-W5 SEEHAIS M

MR ERT Bs-W5 AR 2 R (K 8yl IR 2, FOREEWEI A RIRA, RAE&RK
P 125 mL (75 B A ek D o BRI DG R T B A S AR AR A, R R R TR I A R B L
BULH), REHIEFRIE IR TEREE R EE L, BRI RN 75 mL.

4) HfhE

Fefp i /N UK BRI IE B A K, AR I, T e O R 2 R A R AR T
RARIIAERK . FTUL, S@E R SR R AR B 2

ML O BEE ST LUE B, BRI i B 0 2 v T U 7= AR A i e mi . U 8 Eh 5%
B, VEWEECR BN, BT E R 5%.

5) PEIRFEH

R B PR R — P AU, AR FE AN AR I A i R B R RUAE A, SR B R R R A A KA
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Figure 9. Effect of inoculation amount on the viable count of strain Bs-W5

& 9. M2 ST Bs-W5 SEEIEAI SN

h 111

160 180 200
3 (r/min)

Figure 10. Effect of rotation speed on the viable count of strain Bs-W5
B 10. $#iE¥S Bs-WS SERE AR

O Rr N W &~ U

TE B (1010 cfu/mL)

M 10 (S5 R AT U 2, Fedl (4R mxhis A (2, 208 200 v/min (IR, 3% RE0A 2
T, TTRE R SRR D R (K T DALE A B2 ST R S SR S R, T LAE AR R,
ELIES Tlﬁiﬁﬁ)ﬁj F, PFTEABEHE$E 200 r/min.

PAEAT T 1% A B 1 F R 52 28 P A 1R Bs-WS5 R B R %%U%ﬁl%ﬁ% I 126 25 6 7 IR AR R
Ve EIRFITCALES, T FH S AR R R R 280k 0 4 G Rl s el ke s RN R AR AR K s . e
BRI 5, I pH B, R BSERE . R & AR R EXT Bs-WS 4K 1)
SO, A9 B AR TR A : pH 7.0, FEFRIR RN 32°C, B E A 75 mL/250mL, #EF &R 5%,
PEIREE A 200 r/mino B3R 20 KRy 15 g/L, KE K 15 g/L, KNO; 5 g/L, MgS0,42 g/L, KH,PO,
0.5 g/L, CaCO;5 g/L, MnSO,0.2 g/L, 7K 1000 mL.
B

AICAFEI LTI B8

VG2 % B o E AL 41 H (2017PT14);

V5 22 = 2 B 1 - B S 302 800 H (2016DOC16);

78 22 = 2 B | X 3 4 15 B 0 H (2017GIFY 16);

VG 22 2% 5 e K 2 A R IR 5258 15T H (2018DXS2-15)
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