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8 E: AEFATE Bacillus subtilis B47 B4k A &AM A mE, L2 2R DSRIBREA, 87
A st EOR B B AT SR AP IR R R E R . A BAT B AR B R 69 L IR R AT B R B 49
FHEHARNAEAR, NE BT AR ZRAVRBRITE RAEK. TORA LA, B IE
I A% B AR R YR 093 SR B Oy A R R B R AT R AL AR 4 R AU, BAT B AR T AL
AR RAER . RORFe LA 55 A BAE . BEEZ F 42 MgSO,4-7TH,0, ®k3EFHREZ YSB (Yeast
extract-sucrose-beef extract)3e /&, HLBLFH A BEAE 2%, BHEZF 2%, 4+ WiZF 1.5%, MgSO4-7H,0
0.06%, FeS0O,-7H,0 0.000 9%, A& B & F284-%: 30 °C, pH 7.0, 170 r/min 42 R3¥Z 7~ 6 d, &4t &
H 1%, 3% ZH 40 mL/200 mL.
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Optimization of culture medium and fermentation conditions
for high production of antimicrobial substance by
Bacillus subtilis strain B47
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Abstract: Bacillus subtilis strain B47 is an endophytic bacterium of tomato and can produce substance
to inhibit the growth of Bipolaris maydis which can cause southern corn leaf blight. The optimal nitro-
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gen source, carbon source and salt for the production of antimicrobial substance by strain B47 were

tested. The medium composition and fermentation conditions were optimized by orthogonal experi-

ments. The results showed that the optimal nitrogen source, carbon source and salt were yeast extract,

sucrose and MgSQ,-7H,0, respectively. The best medium was YSB (Yeast extract-sucrose-beef extract).
The composition of the medium was 2% (W/V) sucrose, 2% (W/V) yeast extract, 1.5% (W/V) beef ex-
tract, 0.06% (W/V) MgSO,-7H,0 and 0.000 9% (W/V) FeSO,-7H,0. The optimal fermentation condi-
tions were the combination of temperature 30 °C, initial pH 7.0, incubation time 6 d, 1% inoculum
volume percentage and medium volume 40 mL/200 mL.

Keywords: Bacillus subtilis, Antimicrobial substance, Orthogonal experiment, Optimization of

fermentation condition
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C 31 1 HL X 28 06 755 A 6 A A 2 1 s o R T8 ]
B, HT B9 ok A I TR R N RN B AR AT
FETIVEA, AE/NXGRTE, SEmiit B47 W R4
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musae . P4 JIAE 2205 1A Fusarium oxysporum ., A7

Heliminthosporium torulosum .

http://journals.im.ac.cn/wswxtbcn

J& 9% W Diplodia natalensis . # #% & J8 %
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1.1 i EHk
F B ZEFFT 1 Bacillus subtilis B47 F#k, HiJ™

VORI IT AR, 5K /NBER B (B K/ NBE S
IEH0 1 Bipolaris maydis) Bm3 BikE, ) PEL R
2 Bt A YIS BT AE B TR A s HR AR

1.2 #EHHE

VR A 3 Al B 9% 3 (g/L): KHyPO, 1.36,
Na,HPO, 2.13, MgS0,7H.0 0.2, FeSO,7H,0 0.000 5,
CaCl, 0.005, #j%jk# 10,

T U5 R FH B Ay s 75 3 5 BEOSCRR [9] i it 3, s
e, o5 M (g/L): MEBERE 10, NaH,PO,-H,0
0.5, K,HPO, 0.5, MgS0,-7H,0 0.2, CaCl,-2H,0 0.1,
1.3 B47 EHkFFIRETH &

K ARA7 T 4 °C 1 BAT BbkIE A E] NALOLE AR |-,
30 °C ;3% 48 h, H#:AT NBUOSE 3R, 30 °C.
170 r/min YR 1555 48 h, %5,

1.4 B4AT B ABRNETEIERH &
B47 W PR AR AL 5 I T 5 000 r/min &5 .0
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HOMA 30 uL JCRAEWL, 28 °C fHIEKT R, 48 h J5
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% NB[lOfll]\ LB[10,12713]\ BPY[lO,M]ﬂgu KMB[15716]
H, BRI SRR BAT bk K R A TG T I T
PURTE R . $4 1.6 Dk EE SRR, % 1.5 Jrik
UWED W b3 & AN R
111 AREFZFHEXRMKKL

RAMALEE SR, DISEFRIRE . WIlh pH. Bi%
1T I P T B B ke 2 S e i e s A
Lis(47) it 5 MK . 4 ANKFIIEZIRE, H
B0 R BE AR LA N BAT B RR & BRI Y TG JE TR BT
PTG PERRE . 4% 1.5 05 45 4 BTG A U8 A P TR
itk
112 HiESIT

I B8 ik DPS Hidls b B AR 48, RH] LSD ¥
SiiR RSN R T
2 HZREhhr
21 FIREI B47 MMk ARG T REIEGINEIESE
RpA

LA, REEIEXT B47 Hbk & B A G
FHEM M PLE TG A B, Kb, BHRE
o =Y N oY 8 AR LR L R = S = R
FEPUE AR 16.00 mm; R M REE, HhiE
B2 14.50 mm., A 25 FhZIR 53 3G B 3k
AT TR TG PR A S 3R L B B AR . B b
YE, FERAESME T, TR R A T A %) G T D8 TR B A
IEPEBsR, RUTEMRAE iRy sz, |
U, EARFEEE T, BRHRERA AT BAT Hk™
BLEY T

http://journals.im.ac.cn/wswxtbcn



1342 s ER

2011, Vol.38, No.9

20 1
=} a
= b .
Z 15 - c
£ = c c
E d
= 10
o=
e 5
s
<

0

1 2 3 4 5 6

Nitrogen sources

B 1 RIEX B47 EMRABBMETEERRNEELR
g2

Fig. 1 Effects of nitrogen sources on the antimicrobial
activity of cell-free broth of strain B47

TED 1 CK; 20 4RIEH,; 30 BERHRH; 40 REE A 5 EN
JWk; 6: KEZH. ARRIE BRI TR 28 5% B35, P<0.05, Tl
Note: 1: CK; 2: Beef extract; 3: Yeast extract; 4: Soybean peptone;
5: Tryptone; 6: Soy flour. Columns with different letters are sig-
nificantly different, P<0.05, the same as follows.

2.2 WiEX BAT EMARGENETEEGMEFY
B 52 M

HI I 2 a5, DIORTRE 358 1R ik IR i, BA7
PRI R TRV 1Y) JC T B VR A T Ik i 55 I S AN ) . L
o, DL B A R R B, TG TR U TR P B O T A
S AR A 18.00 mm; DL #B R IR, TG
AUV P BT B TE MR OO T RERE, RSP B AR N
16.10 mm. 7T A BB IE H, FOKR B NS
Tz W R A BURE Y B, P AR S bR AR A
12.16 mm. Al UL, 3k REOREE i oA Al T B4T
BRI R BT P I
23 FHIEX B47 EMABRN TEERINEE
(ES:0EA

TEH E R AR Y St B R 3 2
IMAANETCHLER, $53% BAT Hitk, A &I o
PRI U0 R B AT T DR G AL R A b RO ) i A A 8 22
S EERG TSR, SRR SR, A TEHL
b5, FERE BAT KRB TG B I TR B TR T A B
Thim o BEAL. TR e P R AR LR B . 4
A MgS0,-7H,0 Fil FeSO,-7H,0 i, HAr i id P i %
ThiEr, FECRE B4R )3k 20.16 mm il 18.50 mm., fij
MA MNCly B, HBUE T 8 TR, HhikE A
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ALK 10.00 mm; HEEE, MhA ZnSO,. CoCl,
Fl CuSO4-5H,0 I, JC I BB H 58 4 A A B BT i
e, HAy 3 FCHLER (NaCl, KHPO, il CaCly)f
T, 6 JC TR VR B 8 1% 1 349 1 B 8 52 i (11 3) .
AL, MgSO,-7TH,O fie A #l T BAT Bk ™ AW Y)
i, FeSO,-7H,0 Xz, 1M MnCl,, ZnSO,. CoCl, Fl
CuS0,-5H,0 ##l B47 HHk =P i .
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Fig. 2 Effects of carbon sources on the antimicrobial ac-
tivity of cell-free broth of strain B47

T L1 CK; 20 %GhE; 30 EME; 40 ZZFHE, 50 FLAE; 6: I e
w70 Hh 8 EKH.

Note: 1: CK; 2: Dextrose; 3: Sucrose; 4: Maltose; 5: Lactose; 6:
Soluble starch; 7: Glycerin; 8: Corn flour.
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Fig. 3 Effects of salt on the antimicrobial activity of

cell-free broth of strain B47
Note: 1: CK; 2: NaCl; 3: K;HPOy; 4: MgS0O,4-7H,0; 5: CaCl,; 6:
FeS0O,4-7H,0; 7: MnCl,; 8: ZnSQ,; 9: CoCly; 10: CuS0O,4-5H,0.
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RO RPN e 11 S EE R, HSbilE
HARIE 23.67 mm; PLETEERSINIE 1 SR,
v AR 17.83 mm, Hip 1 SRR
I B & O /D BT, U SRR SRR
DK TR AR T, A ZE R A R/NAT
DI, 55 3R3ERC T B 5 Rl 0 % JC R DR B I
PESZ IR SRR SS I R A (RERE)>B (BEEHRF)>C
(MgSO, 7TH,0)>D (4 1538)>E (FeSO, 7H,0). Hi%

AR AL AP AR 2 FI(K E) T LR t, Bl
BAA B S ETE, TOR IR AP S MR
Je BIHE TR, LIRS IR BT
O STNENESE/ IRa/INLSE 7/ Jo e =S Wy N p A E 2= )
A3B3C3D3E;, B 1 JEBE 2%, B R IR T 2%,
MgSO,-7H,0 0.06%, 4 RiZ%E 1.5%, FeSO4 7H,0
0.000 9%, W% fbIEFIEAMm4 N YSB (Yeast ex-
tract-sucrose-beef extract) £ 354k,

x1 BREFEFERKEER

Table 1 Results of the medium orthogonal experiment
[K % Factor

b3S HEME WA MgS0,-7H,0 4R FeSO,7H,0  py#E4i /8 4% Average
Treatment Sucrose (%)  Yeast extract (%) (%) Beef extract (%) (%) antagonistic diameter
A B € D E (mm)

1 1(0.5) 1(0.5) 1 (0.01) 1(0.5) 1 (0.000 3) 17.83

2 1(0.5) 2 (1.0) 2 (0.03) 2 (1.0) 2 (0.000 6) 19.33

3 1(0.5) 3(2.0) 3(0.06) 3(1.5) 3(0.000 9) 23.33

4 1(0.5) 4 (3.0) 4 (0.09) 4 (2.0) 4 (0.001 2) 19.00

5 2(1.0) 1(0.5) 2(0.03) 3(1.5) 4 (0.001 2) 20.33

6 2(1.0) 2(1.0) 1 (0.01) 4(2.0) 3(0.000 9) 20.00

7 2(1.0) 3(2.0) 4 (0.09) 1(0.5) 2 (0.000 6) 22.83

8 2(1.0) 4(3.0) 3(0.06) 2(1.0) 1 (0.000 3) 23.00

9 3(2.0) 1(0.5) 3 (0.06) 4(2.0) 2 (0.000 6) 22.00

10 3(2.0) 2 (1.0) 4 (0.09) 3(1.5) 1 (0.000 3) 23.00

11 3(2.0) 3(2.0) 1 (0.01) 2(1.0) 4 (0.001 2) 23.67

12 3(2.0) 4(3.0) 2 (0.03) 1(0.5) 3(0.000 9) 22.00

13 4(3.0) 1(0.5) 4 (0.09) 2(1.0) 3(0.000 9) 20.67

14 4(3.0) 2(1.0) 3(0.06) 1(0.5) 4 (0.001 2) 21.00

15 4(3.0) 3(2.0) 2(0.03) 4(2.0) 1 (0.000 3) 22.00

16 4(3.0) 4(3.0) 1 (0.01) 3(1.5) 2 (0.000 6) 21.33

K1* 79.49 80.83 82.83 83.66 85.83

K2 86.16 83.33 83.66 86.67 85.49

K3 90.67 91.83 89.33 87.99 86.00

K4 85.00 85.33 85.50 83.00 84.00
K'1° 19.87 20.21 20.71 20.92 21.46

K2 21.54 20.83 20.92 21.67 21.37

K'3 22.67 22.96 22.33 22.00 21.50

K'4 21.25 21.33 21.38 20.75 21.00 A3B3C3DsEs

R® 2.80 2.75 1.62 1.25 0.50 Ra>Rg>Rc>Rp>Re

T KBRS R E I 1K 4 YGRS R, K, TR 45 IR 95 2 KF 4 YGRIEEE R 2, Ka o Ko RIS O KRR &Y
5 1KV 4 IR S R 2 P8, K FoR & R 2 KT 4 YOI 45 R 25 K. KGRI, & R RRSB R RIFKF5
mZEKFEZ2, B K’JM—K';.L/J\(T [ﬁ])

Note: * K; means the sum of 4 test results at level 1 of each factor. K, means the sum of 4 test results at level 2 of each factor. K3, K4, and so

on; °: K’; means the average of 4 test results at level 1 of each factor. K’; means the average of 4 test results at level 2 of each factor. K's, K',
and so on; ©: R means the difference between the best and worst levels of each factor (the same as follows).
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25 MUEFREESEREFERRER

MRS 2] H) YSB 15373 5 5 HI5 57 NB .
LB. BPY Hil KMB [l 15397 BA7 Htk, HLBAIRIE;
FRILXT BAT TRBE K BV I TG T 8 VRCPL TR T T 1 5
M, 25 SRR, RIMBURTEME ORI 2 YSB iRt
FEPiE ARk 25.00 mm, W EE T HEE R
JE R BPY BE3RIE, #EPiE EEN 21.50 mm;
PUETE RS LB 5353, HEhi Haieh
17.50 mm., ULEAPLALIE R YSB KiFRibim AT B47
BARE PP I

30
a
_— 25 - sakes
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8 20 | d ¢ ] =
5 T —r
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4 AEIEFEX B47 BMABAENERERNEE
LES:ab-A

Fig. 4 Effects of different medium on antimicrobial activ-
ity of cell-free broth of strain B47
Note: 1: YSB; 2: LB; 3: NB; 4: BPY; 5: KMB.
26 REFHEIMULER

M 2 AT LIE Y, KIEARIEXT BAT HIR A R
F18) TG TR 8 YR 18 7 TR T PR AT SR R IPT BE
IR B Y A W R A A A AL 10, FE ST H AR
27.67 mm; HURR TG MRS AL EE 11, f5PiE AR
10 15.23 mm. f2E RESHTAT UL, 5 AP E RS
T A U8 W BT B PR D R RR ST S B CRER
H)>A (R E)>C (5370 E)>B (pH)>D ().
REWH BN T RIS MR B o W, RS T
BRI PR R/ N AR SG . R B JC R DB T I
VRS2 R 5 g (s o P 2% B AR A5 % B 45 0 Rl L
ez oAl LA, B R BRI SN
A3;B,C;D.E;, Bli: 30 °C, pH 7.0, 53¢ 6 d, #FhEN
1%, HE¥5 N 40 mL/200 mL.
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3 itk

AT 0T LA A S ML B, B E
T 7% 4 2 (Surfacting ™| fPAK 55 2 (1turin) 8| = 5
# (Fengycin) MV Jig IR H1 1 2 AT 8 11 1P04%  2F
JRAT B O A AR 4 0 7 A R A SR 5
(B . RIEFTCHLER) . BEEARIFGREE . pH. K EER
T 72 P o 7 e 1 =295 =/t O 5 IR v
O AT MV N Bs = = & W wilh-d. = e A
R R R B A 7 i S A P i T
Wi 3%, KM 4%, pH 8.0, IRJ¥ 40 °C, #Efr&HA
FUMEL 2%0E & 2 S A 2R AT BL© B MR AR 1
it B4 7 B Lin(PV 4531 308 45 F1BE 2%, FeSO, 2 mmollL,
pH 6.64, 30 °C, 153% 6 d HE i & 42 = i Wik 240
FF B128 TR AR A 5 R (Iturin A)RY™ ik 5 A 4
ZEHRIE pH 7.0, 30 °C, %&# A 100 mL, 200 r/min #&
Vi ki 7% 96 h BESR SRS L ZE AT 1R B-001 BRI AR I B
BT

AT 5 6B 5 30 EURG HE 2EAAT TR BAT TR
BU VA 1) S AR (W) . RCUR (B BRI ) RICHILER
(MgSO,4-7H,0) ¥y JEfili |, i i IEAC i In k15 2] B47
AR 5 PP B A R A B I B 3R 3, BE O N RERE 2%,
BRI 2%, 4R 1.5%, MgSO,7H,0 0.06%,
FeSO47H,0 0.000 9%, %3537 KL o0 A i 5 31
A 100 ZRhEFFRIEH AR SE A, R4 E
BB HoAr 4 YSB (Yeast extract-sucrose-beef
extract) BiFRdk. MIEFRILECTT U5y LKA, YSB
BEFRILFT &1 5 Rl 3808 A e LA B RS I B
HEAIXHIC B B 1L TR, Xz R R B & T 1
A Je WA R B Tl & e A = v R FH A e e 2

HE4RIE, NB. LB, BPY il KMB %5455 5t
SR 3 BT 2 AR R B TR A B R R R AR L . AR
FL#8 T7E YSB BEFR M Lk & G373, B4AT 1
MR ST Y R SOR . SRR, TERSAMT,
ERETE YSB #5353k s 35 7 AR P BTG 1 B 3
THE RS, 0] YSB 3535 5 b B & i Wy
VR BE I K — kU, LR P I i B i 2l fh it 72,
S — AN AN W7 25 5 A T A I R 32 v 4 T )
OB R R T A AR SN LR N
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Table 2 Results of the culture conditions orthogonal experiment
A Factor

e I BRI

Hefhde e

Treatment Temperature pH Culture time Inoculum volume Medium volume $i@ﬁﬁ@ﬁ&_
(°C) (d) percentage (%) (mL) Average antagonistic
diameter (mm)
A B © D E
1 1(24) 1 (6.5) 1(4) 1(1) 1 (40) 22.33
2 1(24) 2 (7.0) 2 (5) 2(2) 2 (60) 21.17
3 1(24) 3(7.5) 3(6) 3(3) 3(80) 19.00
4 1(24) 4 (8.0) 4 (7) 4 (4) 4 (100) 15.67
5 2 (27) 1 (6.5) 2 (5) 3(3) 4 (100) 15.33
6 2 (27) 2 (7.0) 1(4) 4 (4) 3 (80) 17.33
7 2 (27) 3 (7.5) 4 (7) 1(1) 2 (60) 21.67
8 2 (27) 4 (8.0) 3(6) 2 (2) 1 (40) 24.13
9 3 (30) 1 (6.5) 3(6) 4 (4) 2 (60) 23.33
10 3 (30) 2(7.0) 4 (7) 3(3) 1 (40) 27.67
11 3 (30) 3(7.5) 1(4) 2(2) 4 (100) 15.23
12 3 (30) 4 (8.0) 2 (5) 1(1) 3 (80) 20.33
13 4 (33) 1(6.5) 4 (7) 2(2) 3 (80) 18.00
14 4 (33) 2 (7.0) 3 (6) 1(1) 4 (100) 17.17
15 4 (33) 3(7.5) 2 (5) 4 (4) 1 (40) 21.33
16 4 (33) 4 (8.0) 1(4) 3(3) 2 (60) 19.17
K1 78.17 78.99 74.06 82.10 95.46
K2 78.46 83.34 78.16 78.53 85.34
K3 86.56 77.23 83.63 81.17 74.66
K4 75.67 79.50 83.01 77.66 63.40
K1 19.54 19.75 18.52 20.53 23.87
K2 19.62 20.84 19.54 19.63 21.34
K’3 21.64 19.31 20.91 20.29 18.67
K’4 18.92 19.88 20.75 19.42 15.85 A3B,C3D,E;
R 2.72 1.53 2.39 1.11 8.02 Re>Ra>Rc>Rg>Rp

] T 4 e Ak ) A5 2R RN 18T Ak 5 I A B IBOA T
XA BT T =iy R aiirse . [, A A
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