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Fermentation conditions for the biocontrol strain HD-087
against cucumber Fusarium wilt and it’s antibacterial effect
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Abstract: [Objective] In order to improve the inhibitory rate of fermentation broth of Strep-
tomyces bikiniensis strain HD-087 against Fusarium oxysporum strain HU-M, the shake-flask
fermentation conditions of biocontrol agent HD-087 were optimized. Restraining effectiveness
of broth towards HU-M has been tested at the same time. [Methods] The liquid fermentation
medium and conditions of HD-087 were optimized by single factor experiments and orthogo-
nal experiments. After inoculation with broth, HU-M hyphae morphology and germination of
conidia were then examined under the light microscope, and the relative conductivity of HU-M
hyphae was measured using a conductivity meter. [Results] The composition of the optimal
medium was 1.00% (W/V) starch, 0.80% (W/V) soybean flour, 0.12% (W/V) yeast extract,
0.40% (W/V) CaCOs. The optimal fermentation conditions were the combination of tempera-
ture 28 °C, initial pH 6.8, 180 r/min, incubation time 5 d, 1 mL inoculum volume and medium
volume 40 mL/250 mL. The result of antibacterial effect can be concluded as follows: abnor-
mality of pathogen hyphae and leakage of cytoplasm after treated with broth; meanwhile the
inhibitive rate to conidia germination reached 72.1% when the broth diluted by 5 times. In ad-
dition to that, exosmosis of hyphae content, conductance rate increased. [Conclusion] All
these changes indicate that optimal shake-flask fermentation conditions can improve the in-
hibitory activity of HD-087 broth against F. oxysporum HU-M, and the broth has been proved
efficient for suppression of HU-M by severely destroying cell membrane structure, it’s of great
potential application value.

Keywords: Streptomyces bikiniensis, Cucumber Fusarium wilt, Optimization of fermentation con-
dition, Biocontrol
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Cucumerinum 512, JE AR &0 F, A A5 0 W) — T3 T 1P 4 T R AT B
g A A RN, ARk, PRSP A, 0 Lio S5 PV oY 3% BA B AR bR A A TR
Ykl AR Z R A T AR W iR BUS S Kb, © Pseudomonas putida 89B-27 FlI Serratia marces-

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



804 A=) 24 384 Microbiol. China

2013, Vol.40, No.5

cens 90-166 4 RE I B IAE bk 7= A= 15 P42
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P ) A 438 v bl 2R I 0 TR 226 TR 5 1 Singh
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Streptomyces sp. 385 A it F X i IR 290 ¢
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HERE NGB AR KT F A 22 3 . 73— T
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4L Trichoderma pseudokoningii 1 Bacillus
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FR5 7% 7 d 1Y HD-087 B AR 2R T Fp 115 37 5L
(0.5% & 1 i, 0.5% #ij % ¥, 0.2% K,HPO,,
pH 7.0-7.2)H, 180 r/min. 28 °C #E K15 48 h,
#Ho
13 ARERHI&F

JER b Kz I 1 37 S R OSCHR[10-13] 4 i 2R
U T Rk A A B AR, BR RS, BT R
(WIV): 1.5%7%] %505, 1.5%% 5Ky, 0.1% NaCl,
0.1% 8 HEH3, 0.25 mL Hil, F4R pH, AZREEEFR%E
TR B SR 2 SR K B W S ek, RBR R,
A5 IS 1x10° Pa KA 20 min, £5H. PG54
P pH7.0, = M PR W R A
40 mL/250 mL, #ZFPE 1%, T 180 r/min, 28 °C
M TR FE 5 do WAASEFEY T 5 000 r/min
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14 AEERINEFEENERZE

FHXUZ MR, 10 mL B 5 T T
9 cm EARMERFRILA, W EHE K2R 3R
2, $RJ5HL100 mL PDA (50 °C){F A 1x10" CFU/mL
PR TR HU-M 23440 T2k, TRAISE 6 mL
IMARGFRILA . e B A SUZF-AR il B TE R4
HAR, B AEARTINA 200 ul LR, 28 °C
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PR R BRI . B E S AERIS, FCHIAS Rl AK
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BEEE, MEPTRTENE, =R 3 (TR,
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0.02%. 0.05%. 0.10%F) =/l A K,HPO,; $%
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WItE pH 43 31i% 4 5.0, 6.0, 7.0, 8.0, 9.0; %
Wi Ay B ATE 250 mL Y = F s ARF R
20. 40, 60. 80. 100 mL AUk FREE, $Efha:
N 1. 5. 10, 20 mL; KEEIREE % N
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SIEFT A 100, 150, 180, 200 F1 220 r/min; 157
A 4508 3. 4. 5. 6. 7d.
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Table 1 Arrangement of factors and levels
% Factors (%)
¥ WOy AR

O G SO s o)
1 0.80 0.30 0.08 0.30
2 1.00 0.50 0.10 0.40
3 1.20 0.80 0.12 0.50

1.8 ZE‘RFREINGER

R RO B TANZ206 T HU-M TR 520
B HU-M BT KB I EE 1A L, 28 °CH5 5%
96 h J& T WAdi T WEHTK NI R
MUYIHE 3, K & BERAT HU-M 8 TR 45
JI100 pL, RIEKAE XTI, 27 °C JEFRIf5r
ST 2. 4. 8h SRR A AE N

PR HU-M B 22 20 [ I35 35 M 04 52 ) -
HU-M 43446 73 F0 T 30 mL PDA AL 538 h
(T AR E Al 1x10° CFUIML)FE R £ 77
(180 r/min, 28 °C) 72 h J&, B.LoUAERE 221k, #&
W2 g MWK 4 47, /33 A 20 mL JERE/K
W, B 1.0, 1.5, 3.0, 6.0 mL KFFHK .
7 BV LSS0 5 A5 AL B AR B i R, kSRR
ISR Ih M2 h )5, B, I g R0,
1.9 HE#IT

IR SR SPSS 17.0, BN E
S8 i One-Way ANOVA (LSD)#4T

2 HZRHRM

21 AEHEFREESBREETFIL

2.1.1 ®RIBERITEIZ: Rk HD-087 £ LA Aok
VE KA SR 5 B JIG TR VR P P I B, LS
WK R 2505 . FUBE . A RIE R o Ttk 35 22
5, BT UER BUAMREE, H o HVE R B & B Y
Bk, BT T T2, Ik #8 5e k b ik
PR MTERTHEFE f 0.90% 11 1.20%HF, 11376 1: ik
FRTHARWE, (HME 2 E LR EZES(E 1),
DR 0 28 BT 1.00% 20 A O e A e FERR TR
212 JIRERYTEIE: PR HD-087 7E LA o fE
KRR, RN R T EAN ., TERE .
JRZE B (NH,),SO4. Bl 18 SRR LRGN, A
WIS T RR(E 1), iR e A AR
2303 TR RR R GAR T W 0 AR B, ) 28 T
0.50%Zc 47 1 8 A B2 A B A AU . BT
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Fig. 1 Effects of starch, soybean flour or accessory factors on the antimicrobial activity of broth

i JOT B L il N A R 2 S, R
T T 2R X U T L BE Bk Tk 2B e A 1
RIRVE B RIR, AT PESCR R R B L
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2.1.3 HBNETFRITEIE: BT R BER BP0 Gt
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[ B2 NaCl. KoHPO, X Bk A& IRV A BT 176 PR T
TBEERZ, T 0.40% K B H il 5 | e & BV A A v
PE R . B CaCO5 MR RGN, & B i
ST, 2 X R TR] CaCOs Mk B e &
B pH {E 4B, MIA 0.30% CaCO; & BER 2
pH 4 6.8, WKL . XFIY] CaCOs fEA
It B REIRTY pH, A ] T Pk HD-087 /A4t
[L:EZ)
22 EXREMHEBERE
PURETIGHERGRI R 6 S FREL, PURIE T
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FITHEM IR . M2 R EAT LA, 5
FRIEMLTT Y 4 Fh2H 3 % e T B T s P el
PSR ST Ay T Ay > V8 A >k PR 5 > BE A o
DS REN A, B, C. D DU RZEXFHEHT
RORR BN 0 ZKF, ot 5 P Al g i i o
PR 22 P A5 s 1E 3 TR 56 BT 36 T PR R K3 L R
TEAE/D, TSI R BE . (B2 NS PiiE A
AT LA AN RS 4H A TS PsUR B
AW S SR, SE A A 25 DU AT A 45 57 R T
T ifEH AR ABCiD,, BITEH 1.00%, Bk
0.80%, F#EEF} 0.12%, CaCO;0.40%.,

2.3 mEEFFHRFIE

231 ®EV pH E: HIE 2 A1 YRR
I pH Ry 7.0 B, ARG TE M fems, #E—L40
&I pH 6.8 A ifHE, i & sGE IR F THt
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Table 2 Results of the medium orthogonal experiment
[ Factor

TEH TSk K 2
Rl 5 Staﬁrﬁ%) Soyb;;nﬂflir (%) Yeasfﬁgﬁfgt (%) cﬁ%ﬁ/{,) HHPLIEFRYEA Average
Numbers A B c D antagonistic diameter (mm)
1 1 (0.80) 1 (0.30) 1 (0.08) 1 (0.30) 25.54+0.37
2 1 (0.80) 2 (0.50) 2 (0.10) 2 (0.40) 32.18+0.42
3 1 (0.80) 3(0.80) 3(0.12) 3(0.50) 32.58+0.18
4 2 (1.00) 1 (0.30) 2 (0.10) 3(0.50) 32.50+0.20
5 2 (1.00) 2 (0.50) 3(0.12) 1 (0.30) 34.55+0.11
6 2 (1.00) 3(0.80) 1 (0.08) 2 (0.40) 35.16+0.24
7 3(1.20) 1 (0.30) 3(0.12) 2 (0.40) 31.50+0.31
8 3(1.20) 2 (0.50) 1 (0.08) 3(0.50) 31.02+0.12
9 3(1.20) 3(0.80) 2 (0.10) 1 (0.30) 30.52+0.47
K.® 90.30 89.54 91.72 90.61
K, 102.21 97.75 95.20 98.84
Ks 93.04 98.26 98.63 96.10
K, 30.10 29.85 30.57 30.20
K’, 34.07 32.58 31.73 32.95
K’ 31.01 32.75 32.88 32.03
R® 3.97 2.91 2.31 2.75

TE: % Ky B RIS 1KF 3 UGRIBEE 2, Ky FR 4 IR I0H 2 /KF 3 UGRIBEE 2, Ky, Ko RUCHE; : K FoR
BRI 1T 3 WIRI A R Z I8, Ko FoR & IR IEE 2 K7 3 ilIn g R P95, Ky, K RIREHE, © R 3R 4%
HE NIRRT SRZEKRTEZE, KRS KR/hNZ 2.

Note: & K; means the sum of 3 test results at level 1 of each factor; K, means the sum of 3 test results at level 2 of each factor; Kj, K,,

and so on; °: K’; means the average of 3 test results at level 1 of each factor; K, means the average of 3 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.
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bJ
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50 6.0 7.0 8.0 9.0 20 40 60 80 100 1 5 10 20
pH Medium volume (mL)  Inoculum volume (mL)

2 pH. RBEESMEMEX RERIEE SRR
Fig. 2 Effects of pH, medium volume and inoculum volume on the antimicrobial activity of broth
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Bl BV R I, R EET R IA A AR, W
AR Z RS, AR BRI A E
ARG, B =R R 40 mL 53,
A A TR A R T A R

233 HEEMMIRTEME: MR
75 24 h B, KPR s P e, SEik T
24 h, SR AR PRI, Pl X & IR 7% &
FEYIE SCEAE JE B B s, EAIR AR T
W E R FIRAGRE RS IR L 24 h SN, 7E 1-20 mL
FAPa P, S ShiA R U L (E 2),
R ] 1 mL (b fedie o

234 mEABEBE. BERERER: 5H7EAF
TS T AT R, SRR R RERIETE 28 °C I
A FIBUE R, X R bR S A KR E
(%1 3). TEAREEE R, BE:FE 24 h X & T M A
WP T E, 45503 1-2 d A R7E
3-5d WA I R 1 IE KB A: R 7 AR R
K, T b RibflEm M, HEBTRE#FA
5 3). TEFTIERY 5 ARFEILLER, 4%
PRG3R 180 rimin B, A BTG o4 o 3 v T
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Antagonistic diameter (mm)

20 25 28 30 32 3

Temperature (°C)

BALER(E 3), I AR E 28 °C Mtk & K
TE, BB EERESh 5 d, 1 180 r/min Sh et
L2 ST

24 EERMRE HU-M H1FER

241 WAEFW: DHEMERERERNIERAK
B HU-M B 2234950 1, o3 (B 4A
B. C), KEFEALIE)F A HU-M TR 225338 JinJf:
H IR EE# (8] 4D), 1 22 Ty I B e IE #
W22 (8] AE), #0022 4B e (8] 4F)
I B iR I 45 R 3R W OR 28 R W AL PR Y
HU-M fFIE R 5 &, 140t & b B £ 7
0 A& 52 A, 5 A5 B 24 h IR = A 72.1%
(# 3).

242 FEE HU-M FE 4 MpERiE &M BT
BRI AR AL S AR MRS B R R AS S S A 1 mL
KR, TEEFE 1 h ali/fl 2 h )5, HU-M B3 3830000
S R S AR B Y i 2 = TR IR (R 4), 1
B R R HU-M TR 22 s d M G, 8
HL M8 T, s Dt T 223t B . T L LACR
I 52 PR R I A 59 P 0 T 8 AT A B 2

5 6 7
Culture time (d)

100 150 180 200 220

Rotation speed (r/min)

3 mE. IEFFETEFIAEE X R BRI LA IR S0
Fig. 3 Effects of temperature, culture time or rotation speed on the antimicrobial activity of broth
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B4 REERMELESEME
Fig. 4 Effect of broth on morphology of F. oxysporum strain HU-M

H:A-C: IEW WAL, D-F REERALFLS WM 24IEA.
Note: A—C: Normal hyphae of strain HU-M; D—F: Morphological deformities of strain HU-M hyphae treated by broth.

F3 RERMERWHERE HU-M 9B FEAXRIRE

Table 3 Effect of broth on the conidial germination of F. oxysporum strain HU-M

b CK 200 fixik 100 ik 20 £ 10 F57 5
Treatment 200x 100x 20x 10x 5x
4h  Germination (%) 242417  135%22 9.1£15 5.6£1.5 2.4+1.4 0
Inhibition (%) / 467422 64.0+l5  T77.9+15  90.5+1.4 100
8h  Germination (%) 100 930436  86.8+32  69.1#27  30.4+25  18.2422
Inhibition (%) / 7.0+3.6 132432 309+27  60.6+2.5  81.8+22
12h  Germination (%) 100 100 98.1+2.4 94338 012437  23.8+25
Inhibition (%) / 0 1.9+2.4 5.743.8 88437  76.2+25
24h  Germination (%) 100 100 100 100 100 27.945.7
Inhibition (%) / 0 0 0 0 72.145.7
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R4 AEBRLCEFNERMEZRE HU-M EFRESEENZE

Table 4 Effect of broth on the electric conductivity of F. oxysporum strain HU-M culture medium

B HFRE LR
Fermentation Value of electric conductivity (ms/cm) Changes of electric conductivity (%)
liquor quantity (mL) 0h 1h 2h 1h 2h

0 29.4+0.1 29.7+£0.2 29.9+0.4 1.02 1.70

1.0 147.3+2.1 157.7£2.2 160.6+2.1 7.06 9.03

15 182.1+2.6 198.4+2.4 201.9+2.8 8.95 10.87
3.0 223.0+3.2 255.0+3.1 260.0+3.4 14.35 16.59
6.0 306.0+3.5 357.0+3.9 365.0+3.5 16.66 19.28

3 GGtk

YR GAEAE YR E N AEY PG D RAAE
B AU AR S PR B o A TR W i R 1 R
h, JE R K RS AT RE 2 T P P T F 5T
HAM LA Tl Al 7= g SE RO i A ) K T
() A A BB A5 1 RN PR B BUSR R IT AN 58 4 A
[ CR3A078 Sl i) Ay e T i A AN [l ) T o
PUR Y IR £ e 22 0072, iz R AP g
RN RIS FR IS LA [CEE R R ATCC10739 ™~
Borrelidin SZuaARIK, Bl =27 1%
Hilife B E e Borrelidin P&, FHIMA I >
PR AR AN S ARSI 0.4% 3k B H
G E L IR R R R BV HD-087 & BRI B 1
PERE AL, BIIL, X AS R o Fs 0 75 21 T 98
R T SCATIRR o AR SO A By B PR L I SR A 25 o
HD-087 1Ak sl g it AT 1Ttk otk 1 k%
RiFR R BB A TERY 1.00% , B 5K 0.80% ., /i
BEKY 0.12%. CaCO; 0.40%., XJ & IIRISE
Z0: pH 4 6.8, 180 r/min ., 28 °C &1 F, 250 mL
AR 40 mL, $ERP L mL R 2 d 1
FT, B2 S d MR e sE, M FRgE s
ATUEH, R R AR HD-087 Xk |
RIFFEF TR NTRIFADTZ], TEEERYIRL -
FERBRIFAE R, BN AR 7 A T — 2D A
AP BRI TR, (EJRAS SCEE SR A = ARG
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K- LA, B AT R T R I
TELRAF T SE88, AR TAEIEAE#E TH .

VEF T 40 B RS () B A 3R R A8 BHC DR 240 S8
ZEKy, 3 LA PR B IR, BB R
T AP A AN E TR IE R S, S
AT BIBERE S T, Lee LB
6 STV file 7% T 711) A A Ak it T 240 eSS 350 4 e o
Blwi AIMIAET o AR IR LB e B T T
HD-087 & IR BE FEURTE HU-M T 2253 B3
Z I H i BIR S5, TRy, 50 w2240/
Fisls, RS EfT ek, K
RIKBERAC TG HU-M 5535 HL SR I 2 4
K, BLEH & B BT AE R AR AEIE K HU-M 41l
BB Z M, AE B TAN 220 I HU-M 21 g8 1 m]
REAEAE B U E R IVE I S o A gE P —
26 i A R I F & R (Penicillin) . 2 A & R
(Polyoxin) %5 HE I il A= 0 240 M BE 19 5 hig, i 41
b0 R A8 G 8 2R 2 e R e AT 365 2 P R 6, T
LG o AR SO B 24 B A TR 25 A
i R R R H E MR HD-087 PR AR i K 51
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