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Identification, Optimization of fermentation process of an
antagonistic actinomycete S5-1 and evaluation of
antibacterial activity of the fermented crude extract

LIU Jinli, LU Dan, YAO Jia, CHEN Yu, CHEN Chongyi, ZHU Lulu, CHAI Chunyue

College of Life Sciences, Nanyang Normal University, Nanyang 473061, Henan, China

Abstract: [Background] How to effectively prevent and control plant diseases and achieve safe
crop production without causing damage to the agro-environment is a key problem to be solved
in the sustainable development of agriculture. [Objective] The strains and active metabolites of
Streptomyces strains were screened out to provide the strain resources and approaches for the
biocontrol of plant diseases, which is of great practical significance for the research on the
potential application of strain S5-1 in the biocontrol of plant diseases. [Methods] The
antimicrobial activity was examined by the plate confrontation method and the plate culture
method with the fermentation broth of the strain. The strain was identified based on the
morphological and physicochemical characteristics and 16S rRNA gene sequences.
Furthermore, the single factor and orthogonal experiments were carried out to optimize the
fermentation conditions, and the antimicrobial activity of the fermented crude extract was
examined. [Results] The strain S5-1 had strong inhibitory activities on ten plant pathogens and
was identified as Streptomyces toxytricini. The fermentations conditions were optimized as
follows: TSB medium, initial pH 6.5, medium loading capacity of 100 mL/250 mL, inoculation
amount of 10%, and fermentation at 28 °C for 7 d. The fermented crude extract inhibited the
mycelial growth and spore germination of Phytophthora parasitica and Botrytis cinerea.
Furthermore, it reduced the infection of the two pathogens in tobacco leaves and cherry
tomatoes. The extract was stable at pH 6.0—7.0 and lost activity at the temperature above 37 °C.
In addition, the storage at —20 °C for 30 d and ultraviolet irradiation not exceeding 6 h caused
slight changes in the extract activity. [Conclusion] The development and utilization of strain
S5-1 contribute to the green prevention and control of plant diseases and provide excellent
strain resources of actinomycetes for biocontrol. This study provide an experimental basis for
the research and application of new antimicrobial agents.

Keywords: antagonistic actinomycetes; antimicrobial spectrum; identification; fermentation
condition optimization; Streptomyces toxytricini
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B, ARAEXT R S5-1 MREFREEWIEL . BN
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PR R R S5-1 F g BH v 27 B 9% R
T e & S 4t

Bt R B . 7 Al 22 2% B (Rhizoctonia
solani), JK % [# (Botrytis cinerea), i 5% #% ff
(Alternaria solani) , 4 #% 4% #% 78 (Alternaria
tenuissima), £ H#v7E {1 (Coniella granati), HA
J& B (Pythium sylvaticum), 7& /i Ji& %5 (Pythium
dissotocum), 4% 7 (Phytophthora parasitica),
7% K 9 % (Phytophthora litchii) 1 2% Jif %2 %5
(Phytophthora boehmeriae), g BH I 3 25 e %%
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1.2 EFE

PDA Figedt. ®IR—S 1Rk BE8 o
KIRUERG IR R ISP-1-ISP-6, JHLfi & s 5t |
ISP-2 MR L ks 25 . M E P IRIE . A
FEREFRIE  TOHLER HEREES R | I IR TR AL s FR 2L
Setr s IR AL L JER G . IRERAI R SR R
WhE I SR AL R R0 | IR . LT R B ALT4E R
il PRSI 1 952 3, S SCER[SBC ] ; TSB
KRR RS SCHR[9IE s 10% V8 JyT 15+
FeZ: 25 SCHR10TBC ] 5 35 1 R MEAS I 5 75 5L A
VWG IR LS SCHR 11l ) s ISP-7 [EMAKR: %
RS2SR 121 T RE
1.3 FERAFIFNH

A AR R , IR TEA A ; Gel Red
R Yk}, Biosharp /A H]; 2xSan Tag PCR Mix,
ATAEY TR BMABR AR AEIEEA
DNA #2HuA &, T CAH,

PCR Y, HUMMMERMHEABRA R HIKIL,
s — YR RA ] BER IR RS,
Bio-Rad Al ; JEf7E KA, WoREAEA R
Nl T ERMES, ZEhlAHE,

1.4 BE#k S5-1 BHNESE MM E
1.41 FHRXFUFIR LS

K PP IR EA TR AR S5-1 MR RUR
e AhPRAL . B EARA 6 mm R 5 R R
FERNTE PDA B3RP g, TR TE S5-1 []
BHETFIEEGNZ 1 em &b AEFPHERE S5-1
YERXTRRAL, F 28 °CHigE 7-10d, 4 E
8203 e SRR S Ak R LR S R A
1, MRPELUTF A
PR 7% 1 P A2 (mm) = 75 I 2 P AR — Rl T 22 3
242(6 mm) (1)
B 28 (%) =[O MR B 75 18 K P AR — b B A TRV
R A2 ) o BEZH T VR 3 K 242 1% 100 (2)
142 FTHEAZBIEGNGIE

W BARE S5-1 HeFh 31 5 [C—5- AR 55 5 -

28 °CHiFR 7-10 d, FHK FEZEIR /K vl sk 1 V& 2 i
AT IFIE T 2 mL EP 1, $R% | minJ5
ZDU)Z KR UE AR U T 22, ISR R T R
B, FALEAREAFHRE R 1x10° ~/mL
2% H.

DL 10% A3 i il 25 i 1 B e Fh 2
B 100 mL Sl & BRGS0 250 mL — AR
W, 28 °C., 180 r/min #R¥% 1557 7 d J5 8 000 r/min
240 10 min WA AR B3, A 0.22 um U8
BT UERRTE , 4 °CIRfE# AN,

143 KZEHERAVINERSRNE

R A P 22 A A R I R A S5-1
AR B R TST S236 40 . PDA B EEH A 10%
1.4.2 Hil& IO K BRI, TR 515 i 4 1]
PRSP ; XFHRZH . PDA B53RFENIA 10%JCHK,
Fe 1R S I i A5 T AT Al 43 i) AP L e 4
ANEEN 6 mm 9 FF, 28 CCHEIR IR
7-10 d, FH-Fo758 SO i o VR AR
MR ERE 3 IR,

1.5 FEmE S5-1 HEE
151 BEEMEMESUER

kR S5-1 WA T R — SR sk
P 5% 25 1 70 28 b HE B 57 2L (ISP-1-1SP-7) I,
28 °ClHIREFR, WELIC S BRI A AR
TERHIE . 22 FFIESE , SR A Fr vk W8 T 22 e A
ERIVTAT e
1.5.2 SIS HEHENE

S CRERE R % T ) VO R RE S5-1 1%
Az AR AR A T ULEEI A
1.5.3 16S rRNA EFWEE

PIFRSEE D ZH DNA (1046 B2 RE A T i 1R 4
DNA 2 B0 il i dktr, FI4HH 16S
RNA JE K 519 27F (5-AGAGTTTGAT
CMTGGCTCAG-3")#1 1492R (5-GGTTACCTTG
TTACGACTT-3")i#47 PCR ¥ ##% . PCR e ik %
(25 pL): BEHZ(10 mmol/L) 1 pL, 5I#(5 pmol/L)
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% 1 uL, 2xSan Taq PCR Mix 9.5 pL, ddH,O
12.5 uLo PCR KW 2544 : 94 °C 5 min; 94 °C 30 s,
55°C 305,72 °C 2 min, 32 ME¥F ;72 °C 10 min,
PCR 748 1% EHEE RS UK A I , 3% 4R T
A TR () e AT BR S WIS , K 45
HE3Z NCBI #Z R 50 72 (http://www.nebi.nlm.nih.
gov/blast) FE1T BLAST HXT, Pkl s
FHEFIE 16S rRNA FE[H T4, H MEGA 7.0 K
MR RGE L BN, HiH1T Bootstrap 0Hr,
ZUHCH 1000 K,
1.6 =mEXBIEFENTHIE

VAR S5-1 2 FILal & Wk o2 3k,
28 °C. 180 r/min }57% 2 d ARIGFF L WEM, LA
10% 2R o3 2R 8 TSB. ISP-2, AJE 4§
BRI | S B IR S RO HLER RS Kk B SR
Jerfr, 28 °C. 180 r/min ¥53% 7 d, BUREEWRIN &
H W K AR AR XS BT (relative titer, RT), %8
AR R B B R B X B BR S5-1 =B 1 PR
AL
1.7 KREEFMHMRAL

PR S5-1 e T I A I s SR SE N i
i, it Ry, Z%Y%E pH
B PO . PP . AT R R A ) A
ARl e T B AR AR S5-1 7 M TG )
TR RE M o 7E_ bR B 2R R g A5 R A LA
DA TRV R4 TR AR S R (B R e b, SR IEAS
I X K WA AT AL o RS IE S iy ik
HEAT =R =R R SR, SRR KE
W1,

®1 EXRBERKT

1.8 &EHEMINEFMETEN
1.8.1 REHERYINHE

WG TaRE S5-1 61 B VAR HERh T 3Ll & 1 Ks
Fikrr, 28 °C, 180 r/min 555 7d 183 KZ) 20 L
M &R, 4 °C. 6 000 r/min B5.0> 25 min 73 B
AR R I LIS, WAL & 80%4
BB, 4 °C. 8 000 r/min &5.0> 10 min, HY
FIEW 40 °CHelt 7% KB 25 79 i 15 31 1 22 (3=
B K ETHBRIMA G CIR BRI 3 K,
5 000 r/min £5.0> 10 min, W ZBRZEEELE
40 °CHAMFTHEREZE K, WHET, HEIARE L
TR, W DA 22 IR R B V8 W =8 6 9 I
FE PR S5-1 WEPERHAEY) . ] 1% DMSO ¥ ikl
SEWIC A A 10 mg/mL (R R T
1.8.2 ABHARYMNHREREZE K

W & R 43 i A PDA il 10% V8
TR RIS g AL SN 100, 150, 200,
250, 300, 350 1 400 pg/mL FN & BEHIZYIHY
W AR IR AL, 28 cCREFR AR IR, 3d )5
WLZ 995 JL 1T TR 22 1 A I O
1.8.3 &R RRYIIR IR EFiA & R R0

U it R AR - VR S LR B, 3 I E
WU A 200, 400, 600, 800, 1000, 1200
11400 pg/mL M2 TIRAR, 435I 50 uL
TR VRO INAETCIE M3 R, 258 L0 RO 45 &
1% REME IR AW, A MNP R e JC R 85 7
M, ¥Rz 28 °CHEFRM, 10 h J57E oL
R T REALILER 100 TR F85 K 1B 00, I v
HATFEK R, BMEMELE 3 ko &

Table 1 Factor levels of orthogonal test
K Level [HE Factor
AWIL pH B A Wi C J I i ]
A Initial pH B Fermentation temperature (°C) C Fermentation time (d)
6.5 25 6
7.0 28 8
3 7.5 31 10
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ZEARIE LR A K R 1 AR K B —
AN B2 AT, IR AR T
HA R R B A A R

T8 K R (%) =B A A T XU/ A 6 5 Ko< 100

3)
T B 25 A 55 (%) = [ O R R 20—k 3 K
BO/XE R ET A %8> 100 (4)

1.84 &EHERRYIXHEE R SRR RN
PRI/ N—F . R 5 A AR B
W H 50 L A B2 F A1 B (100 A>/pl) 4 Fh T
b 3 TR 32 P BRI, 7 22 oSO 4 AR FR
500 pg/mL & B YI(h 1.8.3 il £ 19 25 W
TIRAWOME NI, FERF SNSRI
KB RV X IRAL, 25 °CRARGRIE, 251
TESERNS 0, 12, 24, 36, 48, 60, 72 11 84 h
WEEERN SR B RIS DL
1.8.5 ABHHERYIXT Ik B R AR RN T
Pk fat Rl S R R IR 70% L FEH R 3 min,
TorE K i 3 U, HITCH T AR JIE AR 5236 e ) 3dt
4 mmx4 mm 5 1, 7E45 FARTH N 100 uL K%
6l 1 U, (R IN A& AR Y 500 pg/mL A& %
FHEEYIVE R AL PR, 5 0 4 i TC TR SR SRy
XTRAZE, 25 °CPEIR A N ROGHUE, 43T

FhIG 0. 24, 36, 48, 60 F1 72 h WELHEF & 7]
Bl ELA% 2 om Y BIB9S R L 2L AR A0 SR TR 228 Jg
oL, AR,
1.8.6 ZEMERMIVFAEM

TR B R i PR VRO A M ) B JBTRL FE Sl 4 °C
20 °C R = WA, BCE R 2510 0, 10, 20,
30, 40, 50 F160d; JEEESTHIM 20, 37, 55, 80
1 100 °CHYTEIR/K A 1 hy pH {E23514 4.0.5.0,
6.0, 7.0, 8.0, 9.0 Fll 10.0; &A/PRAbFH 0, 1. 3,
6.9 h, A 25 A R B 2k 2R 300 pg/mL,
AAMEI R 2, HALEER 3K,

2 ZERE54

2.1 Bk S5-1 BUHIE R
2.1.1 F#k S5-1 BUEHRINE SR
SEAOIRRZE R AN 1 R, B S E R S5-1
X URE — 0] 4 3 T PR 1 22 A R 3 2 3 T AN [R) R
B, R RGNS, 22, AR
PRI VR ) TR AR S5-1 BAVE, S ASHLI ()
W o XTPITRA T8 B RPN R R A Gt 45 L 0K 2,
PEIPE S5-1 % 5 s I FL T AN 5 A it B G 1) 40
PRI 50%, I SR T 6 mm, i
DA AR S5-1 HA &k H T 1% AP sk .

1 EH S5-1 SEYBRRENTERIHIEER AT 008 T2 0 . JKE
B AL AR MR R . VEMEIS R . B

TR L ANEEREIR . A0

IR RE . PRI

Figure 1 Experimental results of plate confrontation between strain S5-1 and plant pathogens. A-J are Rhizoctonia
solani, Botrytis cinerea, Alternispora solani, Alternispora tenuissima, Coniella granati, Pythium sylvaticum, Pythium
dissotocum, Phytophthora parasitica, Phytophthora litchii, Phytophthora boehmeriae, respectively.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



XEW F | JIERBNBEE S5-1 NEE . BT ZRURABERYHINEE TN

2911

#£2 PARMESRRIEERIER G

Table 2 Statistical results of antimicrobial zone and antimicrobial rate in plate antimicrobial experiment

T B o S
Serial No. Pathogenic bacteria Antibacterial zone (mm) Antibacterial rate (%)
1 ST 22 4% 14 Rhizoctonia solani 10.5 56.7

2 HhBERS i Alternaria solani 11.5 58.9

3 JK# A Botrytis cinerea 12.5 63.2

4 M4 T Alternaria tenuissima 12.0 60.5

5 £ 3T Coniella granati 9.0 53.3

6 PRS2 Pythium sylvaticum 11.5 58.9

7 Fa )8 2 Pythium dissotocum 10.0 55.6

8 4% %S Phytophthora litchii 6.5 52.2

9 M%7 Phytophthora parasitica 13.0 63.4

10 *JFRyE %% Phytophthora boehmeriae 12.0 62.2

2.1.2 Bk S5-1 K EEERAIEE M

W % BEUE R ELEE I PDA 533, il &5
29V, GRS RS R i TR A TR 7 AR A
W, G5 NER 3 R, R IR RO JH R
JRFEVH . PUIRRPERE | AR A % 76 R 80 4% A% 7L 1)
IE R 30%, 535018 60.3%. 55.0%.
43.2%, 42.1%F1 33.3%. HILA 0L, Sl )E
PRLE 2P B AR, HLPE 22 A4 K32 B T bk
S5-1 RIEWEASRIFRBE RS, ARG T BE U1
W s AR/, SRR Z IS, X4

*®3 AEBERINBESLESRITER

BOUE T RIPE S5-1 HA 3% H Ao i 41 il et 71
PRI T PR P 3 P
2.2 EFkS5-1 L ELER
221 HEUE

WPk S5-1 fEm R— S 153 5 F B IES
WE 2A. 2B iR, WEBE SR E, BRETE
RERMEATE, WMEN%EHEER, KLTH
e R A, BHRE S5-1 (0 AMOE S W&l 2C-2F
JR, WHZZEA, f/Dank, BT THEE A
HOUZHER, A EREE, K/ANR 2.0-2.5 pm,

Table 3  Statistical results of antimicrobial experiment of fermentation filtrate

FFs 9o I TR W HAR SRS

Serial number Pathogenic bacteria Colony diameter (mm) Antibacterial
PDA 1775k IR B PDA 5 FR3E  rate (%)
Potato dextrose agar Medicated potato dextrose agar
medium medium fermented crude extract

1 ST AR 22 ¥ Rhizoctonia solani 88.0 70.4 20.0

2 JK 7514 Botrytis cinerea 94.9 42.7 55.0

3 AHERS I Alternaria solani 72.2 48.4 33.3

4 HIHAERS 7 Alternaria tenuissima 86.1 49.9 42.1

5 Fi ST Coniella granati 68.7 62.7 8.8

6 MAE EF Pythium sylvaticum 87.9 67.9 22.8

7 Fa 8 B Pythium dissotocum 86.5 73.6 15.0

8 M % % Phytophthora parasitica  94.2 37.4 60.3

9 % 85 Phytophthora litchii 90.4 58.3 35.5

10 R % Phytophthora boehmeriae  81.2 66.1 43.2
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-M.
2 E S5-1 EFERSREMEES
B2z T BRUEA, HWHIRY 10 um

) i

A B: Pk S5-1 fER R— S HFREEMIE  RIIEKIEZS. C-F:

Figure 2 Colony morphology and micromorphology of strain S5-1. A and B: Positive and negative colony
morphology of strain S5-1 in Gao No. 1 medium, respectively. C—F: Spore filament and microscopic

morphology, with a scale of 10 um.

PR S5-1 7E ISP-1 ¥ Fr 4k b (& 3A), HH
MK A, D, ERENE . TE ISP-2
Figedk b( 3B), Wik MBIEE, WERME
EH T, R L. 18 ISP-3 ik B (K
3C), MEVERME T, BIRFEO, P EPSERR
7. 1 ISP-4 K Jk (18 3D), Rk H.
THe, Bk, mERZMT . fE ISP-5 K

Fhk B(K 3E), WygRmRlE g, &
I ek, A B b . 7E ISP-6
Wikt B(E 3F), WigHEZR, AREAR™
A AR IEE BT T 7E ISP-7 K5 3 B (/1 3G),
WeMBF¥haaH fmEdE. Emk—
SIS (B 3H) E AR R S KR A, 7
mEZ, BRI,

E 3 Btk S5-1 EAEEAFE FAIEFIFE A-H B3k k. ISP-1., ISP-2., ISP-3., ISP-4. ISP-5.

ISP-6. ISP-7. Ek—%

Figure 3  Culture characteristics of strain S5-1 on different medium. A—H: ISP-1, ISP-2, ISP-3, ISP-4, ISP-5,

ISP-6, ISP-7, and Gao No. 1 medium.
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222 EIBALHFIEWIER

XPTRAR S5-1 A=A AL AR (33000 5 45 51 L 3=
4, TRIRK S5-1 AT LA AR Z P LK fig ity , dndi
Mty . VERDEE. MREGFULT BEESE(E 4), HENGX
SEREAS AT RE 5 B RR B R A4 S PEAR G

4 EFFE S5-1 B9 IBA WHFIEN E

Table 4 Determination of physiological and
biochemical characteristics of strain S5-1
Ui H Ttem 25 5L Result
AT Hi{FI 4 Arabinose +
H il Glycerin +
FRZ=M Rhamnose +
HILEE Inositol +
22 B Galactose +
‘H & Mannitol ++
HERE Cane sugar +
2 ZFH Maltose ++
AR AN -
Potassium sodium tartrate

RN % 2 Phenylalanine

il fREH Potassium nitrate

BEHEH Yeast powder ++
KA G MR Aspartic acid +
i &R Tyrosine ++
K H Soybean powder ++
£ 1% Peptone ++
e -
Gelatin liquefaction

A5 (] ++
Curdling of milk

R U1t ++
Milk peptonization

FE F i Protease ++
1Y Cellulase -
TNl Diastase ++
H,S —
JUT JiEE Chitinase ++
Wk Urease ++
P43 Melanin ++

W70 & Phosphorus -
o iEMEER; o TEMEECSCREE . B

++: Higher activity; +: Lower activity or effect; —: Negative.

2.2.3 16SrRNA EFEMELEELER

DI S5-1 JE[H 4 DNA Mk, ¥ igH:
16S rRNA JE[H 741, J/15 T B K210 1 500 bp
FIHLIK 5, FF PCR P2tk 2, #53k
RS 5C 2= NCBI, HE %58 OP597696,
XF 84T BLAST HeXtor#r, &5 Eos, %W
PR 16S rRNA JE P ¥ 4 5 & #k 18 W
Streptomyces toxytricini SAS-30 (MK559626) )
FEARUTE I 99.9% . Btk 55 FLARU: 55 =5 i AH G 7
IR R G R BRI (E 5). 456 FPk S5-1 1Y 21
TEA | KRR . A AR ARRAE , S5 IRl
7 = B 5 1 (Sreptomyces toxytricini).,
23 REABIEFEFESER

J T HREEYUA S5-1 BB S, dE—4
WEFET 5 BB IR B A AN [R) A % T b
FEXTTRRR S5-1 AT RIERG SR, VISERT R W7
FERAN R 100%, 43 500 e A [R) & B R R 3 1
APy RN AR X B, S5 AnE 6A FR, fff
FH TSB 5373 b4 7 2 Fenst,  HA B A S50 A
A Y M R R R, MLk SE TSB
BEFRIANE N G S Kl 1 A L s IR 2
24 EEFHMUER

W RIS, 250X & BEYI G pH (E
BEWR TR AN | R TR N R ) A T
DL [R] 2% 14 X B 44 AE 9 & (packed mycelial
volume, PMV) KU A PFA FE b , & B A5 A4R1
ks S tn® 6B—6F Frn, 1EREER AN
TSB B, S AEWI A pH 6.5, 7F 250 mL = i
BEWH N 100 mL, fefERF R 10%, KR
FEAREMIL 28 °C, KBRS 7 do KR
RIS R — LBt E iR, B E i
R EERATHG N TEREERE IR 5 TSB i,
BAEWI A pH 6.5 16 250 mL = b2 i
100 mL, fe Bl 10%, KERE 28 °C,
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4 ERSS-1FEEMMNESER A BURYIR IR IRE. B SiEk i 4 WE E A RIURRE IR L. C.
22 0.1%NIER QR LT B IR D: JRER-By 203G

Figure 4 Qualitative determination of enzyme production in strain S5-1. A: Skimmed milk powder agar
medium. B: Starch containing beef extract peptone agar medium. C: Chitin medium stained with 0.1% Congo

red. D: Urea-phenol red reagent.

5 ETHE#HK S5-1 89 16S rRNA EEFIIMBRGLEN 0 AEUEFIR bootstrap {H; 55N

HUE M GenBank %555 A/ 0.2 ARIFSIYHEL 25T
Figure 5 Phylogenetic tree constructed based on the 16S rRNA gene sequence of strain S5-1. The value at the
branch indicates the bootstrap value; The value in parentheses is the GenBank accession number; Scale 0.2

represents the evolutionary difference of the sequence.
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= 1zv . I 25 135
S0 E "W e 120
55 205 § S
£ o 10s =z 15 105 2
5 40 0 % A& 10 0 =
A B M e & o= -- © o
- B 10> D5 100 = & -
g 40 o < o ° N S <5 110 §
z g@/&%tg”zém o i - 100 &
80 &4
£ 20 75 T 20 W B

10

6 AEIEFFHXEK S5-1 ABGINEENYN REEEIENFM A AT B: AR
iy C: AREEME; D: AFNREE; E: ARIEHE; F: AREWILGG pH PMV: HIAAEY S RT: MR
Figure 6 The effects of different culture conditions on antimicrobial relative titer and packed mycelial volume

of the fermentation broth of strain S5-1. A: Different medium; B: Different liquid volume; C: Different
inoculation amount; D: Different temperature; E: Different time; F: Different initial pH. PMV: Packed mycelial

volume; RT: Relative titer.

RIERITEN 7 do 38 LA PR ZE DL AL IS 1 & 1
SUF T B APy i A R AR R, et A LR
5. TEARRA L BRI, Ak gl s (aFn A
Pyt n 2 o0 B, B AR #E & 1% 168 hi,
HAMETL 743.3 pg/mL, AWK 36.1%, &
Xof FRZH BB 613.0 pg/mL R )& 27.7%4)
IHEES 21.2%F0 23.3%,
2.5 AEBMARYMIEFRMEIENEGR
251 ABHARYOHIIEEMN

W i Ry il AN TRV B 1R i 245740, 4

SR 0 92 2 R IR 5 T () B %, A JEL X o
9o i DAL PRI A5, AR IET 7 B o KBS TR
w2z R . il EZBRBOE R, WA
Z; MR L BN 2 | 22K .
WNAEYIING , MR GIT SR IR 6. AR
JEE 114 i T R 2 el oK 79 o D PR 35 Pkl 4
F LB R B2 e B ) T o LA TR 26 T i o M R
PR EE MM 3 g 400 pg/mL ISF, b I 25 B e 00 T
A 65.70%, X UHFEERE TN TR R 88.70%

PR I AR 10 R R G4 R LR 7, AR
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x5 MUREABRINERNENMIEEAEYES I
Table 5 Statistic the antimicrobial relative titer and packed mycelial volume of the fermentation broth before
and after optimization

R TR ] A A=yt
Fermentation time (h) Titer (ug/mL) Biomass (%)
XT R 2 R pagitie| Rte:|
Control group Optimization group Control group Optimization group
24 0.00+0.20 0.00+0.15 0.224+0.10 0.21+0.11
48 51.30+0.45 82.30+0.17 2.56+0.12 4.21+0.21
72 210.20+0.66 245.00+0.31 10.60+0.11 13.66+0.16
96 305.90+0.12 374.60+£0.46 16.10+0.15 19.80+0.20
120 384.40+0.73 513.70+0.27 20.24+0.20 26.10+0.24
144 494.40+0.54 633.80+0.33 24.30+0.14 32.40+0.23
168 613.00+0.81 743.30+0.49 27.70+0.11 36.10+0.22
AN B é D
x\\\
. A ) 2
Botrytis cinerea \
VA {8 \ \
E 2= /" F G H
g
Phytophthora nicotiana i

7 ABERYNRERLRMERESELNEE A EWEFENKEREZ. B-D: KEHLIZY
WPRS R KFERTE 22, B IR IR B R TR 22, F-H. k@*ﬁ%ﬁ%iﬁﬁﬁ@iﬁlﬁﬁﬁﬁ% Hef Ry
10 pm

Figure 7 The effects of fermented crude extract on the mycelia of Botrytis cinerea and Phytophthora
parasitica. A: The mycelia of normal cultured B. cinerea. B—D: The mycelia of B. cinerea treated with the
fermented crude extract. E: The mycelia of normal cultured P. parasitica. F-H: The mycelia of P. parasitica
treated with fermented crude extract, with a scale of 10 pum.

*®6 REHEERYIXHRREENNER

Table 6 The effects of fermented crude extract on Botrytis cinerea and Phytophthora parasitica mycelia growth

FER YU 1 14 #% Inhibition rate (%)

Fermented crude extract concentration (pg/mL) JX 7574 Botrytis cinerea JHELYEE: Phytophthora parasitica
100 22.60 49.33

150 25.70 62.42

200 33.33 68.10

250 38.60 72.60

300 41.12 76.45

350 52.40 83.33

400 65.70 88.70
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®7T ABERYMNAEELRBEZSETHALNEME

Table 7 The effects of fermented crude extract on Botrytis cinerea and Phytophthora parasitica spore

germination
HLER Y JKRFETE A Y
Fermented crude extract Botrytis cinerea Phytophthora parasitica
concentration (ug/mL) [ &S BT ES S EIES
Germination rate (%)  Antibacterial rate (%) Germination rate (%) Antibacterial rate (%)
200 33.6 60.5 39.7 58.6
400 30.4 69.8 32.6 68.7
600 27.4 72.3 26.4 71.4
800 15.6 86.4 16.9 79.7
1000 8.4 90.1 12.1 82.4
1200 2.1 98.4 7.2 88.6
1400 0.0 100.0 1.4 98.5
X BE4H Control 89.4 No data 88.2 No data
WYrve 2Ry 200 pg/mL B, XRG R ARG WIS

T LI R 51 60.5%H1 58.6%; 4AH 4
VI IE 1400 ug/mL BF, X6 5 5 B A0 5505 5
AL B & BB 323900 100%F0 98.5%, i
HH 2R B2 00 B iR B 400 o] A o L A 9 7 PR

43 3 3 KA T 5 e A AR L (] 8) MM B
JER SR R (B O EAERR, WET| Kz
FELEE ) il i 2 Ko AT ot DR AE AR e R P TR 22
XD ARG, RIR DA 225 R | B L
TR/, TERE AR it TR O 1 1 [RTER, RRARR T A

252 AEARYNREMERZMER

KRR R e YE LI 25 Rl 10 By
IR, TE-20 °CARML AT AlfififE 30 d DL |
( 10A). 7EAEE 37 °CAEFE 1 h, HAME IS E
AR AN B3, YA 37 CCHHI B 6 1 1 R
TE 80 °CHl 100 °CHY 58 43 KM T & M (K] 10B),
A pH {EIEH M 6.0-7.0 (K] 10C), 4
WEHEARERE 6 h, IBEMS PR IFRRE BT TR IS T
(& 10D),

B8 AEMREMMREBEEMNNERR A EMKERM TSR LR K RSO/, B, [ R

e W RS R e T 1 AR Y 2 2 SRR 52

Figure 8 Antimicrobial effect of fermented crude extract on Botrytis cinerea. A: Cherry tomatoes inoculated
with B. cinerea spore suspension and sterile water. B: Cherry tomatoes inoculated with fermented crude extract

and B. cinerea spore suspension.
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Oh 12h 24 h 36h

48h 60 h 72h “84h
9 REERVMMEEESOMERR BRI HR R TN A AL S, A
ol e 2 T BN B 7K

Figure 9 Antimicrobial effect of fermented crude extract on Phytophthora parasitica. The left side of the vein
of the tobacco leaf was inoculated with a suspension of P. parasitica spores and fermented crude extract, and

the right side was inoculated with a suspension of P. parasitica spores and sterile water.

' : 9 -—_-e-_o 0! : : e——e
0 20 40 60 10 30 50 70 90
Storage time (d) Fermentation temperature (°C)
0 I 1 T 1 1 1 1 1 1 1 1 1 1 l\. 1 J ‘lO | 1 1 1 1 1 1 1 1 J
3.0 5.0 7.0 9.0 11.0 0 2 4 6 8 10

pH Exposure time (h)
10 AERHEEVRRREMNZMER A EORERENE. B: SRUEN. C: BRBEENE. D: ¥

S PRI A E 1
Figure 10 The stability affecting factors of the fermented crude extract. A: Storage temperature stability. B:

Heat stability. C: pH stability. D: UV treatment time stability.
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3 WwE5&#

FEHUREVE R —FhAE BB A, ARA T k2
A2 AR FAE T BRI A R VA HUF A R, 3
BRI AAT . MR AR A e i S L, AT
DAORAFT HH [B) A= A8 IR 1) 2064, oAl A 7 1 AT
Frek kR A EEE P R EE h—2%E
B LE DA W2 TR B A T A
iz B A5

5575 T4 (Sreptomycetes sp. )42 i 48 2 > FGBH
PR, 732K BE TR WML E H . HAr, K
25 60% Lk [ & MBI A 2R NEE R T T 4 B AR
s xR . ARREY, HEHW, HEHE
1) 22 Ak S % TR 0 0k 1 T X A s T LA A
A, s =P w8 — 5 & = KRR
K RAEHH IR, X S Bk M B i
HA MR koREPIRE — ks = K5
PR R A i ) TR A R VE s B S AR P
— R IK R B RE R AR 2 5 8 P YA
Dt TR A F I AR o A PR G Rg i g
R #5717 24 AR SE IR X i R T bR S5-1 1Y
PITRTE PR SEA TR | & B2 DA A B X0 A 445 0 R g
B RIS TRAE PR S s Jir S0 TR 0 5 g Jist BT 27
[ ) A B AN B RICR . i BB L 72 7
FEbREE IR AL F R IR | A A AL A3 TR 16S
rRNA FEEPH %0, Kbk S5-1 Bah
7 = K BEF H (Sreptomyces toxytricini), #H7STR
SR A B O T = R B A A i R B
2R B MEEZEER C, HLERE MK
LRV A RIREE | KIS R, FEAER
o, WK S5-1 RPUTRERIRINEYE, ATRR S Y
B RA K.

ARG R TN, FEPULLE S5-1 Ge7 1
R B BN I B T TR 22 R A | TR 22 M, R
Z RSN, W G . YEREE . JLT TG

ARG 55 o o Be 45 LA R LB Pk 0T BE LA 2 Fhiifg
FRANEARAEIC BT, TR 9% 5B ) 240
FRLREFOAN LI, 40335 A0 B4 4, AT 5% i 40 45
Fhae AR AEY) 0165 RS, IR B R SLNK 1A
(R POV, R TG P $2 7 I P AR TR AR A A
A RE 4 T RN, ARG S S T L
TP Z AN, BRI & T B K
BCAAE ) 5y WM R 78 FR W S5, ATk B3 T - 358
MIVER

TR TR o R T A KR A TR G A
G 1) 35 77 FE L S0 | B PR 3R R 6 I E A i
XTI PR S5-1 [ R I T 2443047 Ttk 7
RWEEFRE ) TSB. Witk pH {HN 6.5, K
JE 28 °C. KW 7 d AT, HRBERM
TR AR R A 530 743.3 pg/mL F
36.1%, BOXREL A HIEE S 21.2%H1 23.3%, if
— PRI S5-1 1Y & TR ER MM s R A T
P, RIS R BRI YR B Tl 400 pg/mL XK
B TR N R R A TR 2 43 A 65.70% il
88.70%, H BB J5L I 1 TR 22 & A AL H AR T |
FRIEH S, MINTIING ; YR BERLIE YU il
1 400 pg/mL A XK B B R R0 08 2 1 6
RATBREUINHISCER , M550 100.0%F
98.5%. WY R, 500 ug/mL [
R ERL B P e 43 400 ) 25 TR A 7 i SR S8
FH R FEAE AN AR YR JR sl i, R A%
R0 SRR L o e T ML 00 () R PG I S 56
SR BN, HIRYIVATRAE-20 °CIREA 1 T i A7
30d, pH 6.0-7.0, ML 6 h AT, 1
PRAFRE MBS M. 27 1, ERTA S5-1 XK
B DRI B 2 5 10 00 DI P AT 50 0k P 00 PR 8K
B, XTI R A KA B TR R sk Bl
¥, TE R FE DU R A B o AR AR R TRk %
T TR B A, Ay 3 TR0 T 3 42 2 0 P A 5 AR iz FH
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