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MIRE SIS E #k B25-1-3 BIE E R H TR =

Ks% R#Eg T-F F8 ITR WEX
PR ARG WS DERIS 010018

B E AR e A —RXEARABTANZFREAN, R74EFS . 2/, FIHHE
HANFLGRBERBS Y, BARRKGFRITLME. [B 6] AR 5L b2 8RR
% (Phytophthora infestans) LA 42 i AE Al 694w iy, JEAF R BARS = #ATHAR . [H5 %] x4
& 3| o) — A4 P. infestans Bk, 456 SILEA 16S IRNA KB 7] 541 A4 L o Ko ds,
il i F AT S I S ARACAR L5 A8 T kst B ARG K B A SCRAT AR AL . R JRAR R R RT HLR % R
BER P E R R AR R MR LR F AT, JFi8 i & &4k (thin layer chromatography,

TLC)L & & A8 & 4% 7% (high performance liquid chromatography, HPLC)¥#4 4 & 5, # LA i
P. infestans 7& M 69 205 F) A i A8 €38 - 7 15 35 A 3 R (HPLC-MS) #4740, &/ 1@ 1T & ket A ikl
TE M AT LA R e R e . 4k R ) A LIRS P 4 B 13 5 69 H #k B25-1-3 2 P. infestans
FIL B BRI RE N, 257 AR EIRE (Myxococcus fulvus)., H3E 4t P. infestans 49 7% 44 &
T EH/E TN, = E IR 6 A K B F i A 45 R45i% 180 r/min, 34+ 2 10%, 3 4~ 7% & 30 °C,
KRBT . Z AT G E YR &G K ABEINRE § RCBA, AR B2 AR,
w5 F KR FARA, x4 % ¥ 5847 & (Bacillus subtilis). 4% & #] %) #k & (Staphylococcus
aureus). KM 4FH# (Escherichia coli). &k 7& &£ (Saccharomyces cerevisiae). 4% £ 4% ifj (Rhizoctonia
solani). X J&%k 71 & (Fusarium oxysporum). & B #4% % # (Sclerotinia sclerotiorum)3 4 7~ B 2 & 49
A VE R . b P, infestans @945 A o F S N-(3-& A -2-7% R K)-N-F R AR = Bt i
[N-(3-amino-2-hydroxypropyl)-N-methylsulfuric diamide]s ¥ % (2R)-2- & R -3-% A -2-F A R BB
[methyl(2R)-2-azido-3-hydroxyl-2-methylpropanoate], & M4/t 468 237 4] P. infestans 1& % & 44
Fot b B AR At aget B HRMUGAER . (4581 FAR A M. fulvus B25-1-3 F 40 R 690 B 5
B A By #o F W TR R W R B W AR BRAE T A
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Identification and secondary metabolites of strain B25-1-3 against
Phytophthora infestans

WU Zhi-Hua ZHAO Pu-Yu
LIU Hui-Rong”

College of Life Sciences, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China

DING Yi-Xiu MAQiang WANG Xue-Han

Abstract: [Background] Myxobacteria are a group of higher prokaryotes with social behaviors. They can
produce rich, diverse, and novel secondary metabolites with biological activity, and have great research
and development value. [Objective] To screen and identify culturable myxobacteria resistant to the
pathogen of potato late blight from soil samples and study secondary metabolites of the isolates.
[Methods] Myxobacteria were isolated from soil samples by rabbit feces inducing method. The strain
resistant to the pathogen of potato late blight was identified by morphological observation and the 16S
rRNA gene sequence analysis. Then, the fermentation parameters were studied by the combination of
univariate analysis and orthogonal optimization. The stability and antibacterial activity of the active
substances in the concentrated fermentation broth were detected by the filter paper method. The active
substances were separated by TLC and HPLC, and the components with antibiotic activity were detected
by HPLC-MS. The anti-disease effect of the active substances on potato late blight was determined by
the in vitro leaf method. [Results] Strain B25-1-3 isolated from the soil sample showed strong
antagonistic activity against P. infestans and was identified as Myxococcus fulvus. The antibiotic
substances against P. infestans were mainly present in the extracellular matrix. Its optimal fermentation
conditions were: shaking speed 180 r/min, inoculum size 10%, incubation temperature 30 °C, incubation
time 7 d. The active substances produced by strain B25-1-3 were highly tolerant to the treatment of
protease K, ultraviolet and natural light, temperature, and were easily preserved at low temperatures.
The antibacterial and antifungal activity analysis showed the active substances exhibited different
degrees of antagonism against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Saccharomyces
cerevisiae, Rhizoctonia solani, Fusarium oxysporum, Sclerotinia sclerotiorum. The antagonistic
components of strain B25-1-3 contained N-(3-amino-2-hydroxypropyl)-N-methylsulfuric diamide and
methyl(2R)-2-azido-3-hydroxyl-2-methylpropanoate. The results of disease control on potato leaves
showed that the active substances could significantly inhibit the infection of P. infestans on the detached
potato leaves of different varieties without harming. [Conclusion] This study provides basic data for the
isolation and identification of active substances and the development of biopesticide against potato late
blight.

Keywords: Myxobacteria, Isolation and identification, Potato late blight, Myxococcus fulvus, Orthogonal
optimization
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RHZE AN 500 ZFhATA: Yk A, BoAr R AT
FETF RSO R TR 20 T EAT 7 A 13 W
M2 | ik . ERDKFZERZ . fERPLE 2
RESERE S, HBFE TR H 228 Eml0, Bt iR
T % IR A 22 B L R B FEPUE 1, Liu
2% 71 Myxococcus fulvus 232 45 4L 1 6 2k
(Canidia albicans) i iFi 1tk ; g oty alifh i
i) Cystobacter sp. 93009 HE % 1l i & % (Mucor
hiemalis) 1 % Hfi 2% (Aspergillas flavus) 1 4= K ;
xanthus ~ YR-71%1 |
stipitatus ~ X6-11-10 | Myxococcus  virescens
Y R-35 VA i f kG 4 T 0 2 BRXS P infestans
R A RIAE

AW R B NS AR X ALk XY
— {5 SRR T B —BRXT P infestans AT B 2
SV P FRURS 4H B BR bR (SE B8 2 5 B25-1-3),
IS HRAE 5 16S rRNA JE K 41 43 B %2 1 ik
AT Y, AT T HURIE M A IFE i 1
ARG A K T 25, SR 0 M 4 IR v T 12
Yo RS E PR S BT TS R A TR, st TLC 5
HPLC 28] 085, - HAHT P. infestans {51
(H 53 #E1T HPLC-MS #il, 5 Jm i aod 26 44 A
PAE T TE PR B B 44 S5 M2 05 1) Bl e £
1 ARSI
1.1 IR
111 HiEHS

WEH AR XAk X — A 5
(N40.310 57°, E110.842 4°), Jg&ifgiht, FIH
FAUCRFRCRAER)Z 1-10 cm b +38 . F AT
J& BT IRRAT
112 fEFE

RIS S Ak i G FR A ST21CX
RIEFREL . VY2 [BIRIG R . CAS ARG TR0,
PUR G VoA BT R SR A PDA K2k, YPD
WIREFREL . L OREFRE  NEE D RS
FRHE . R EO MR SR AL . B AR SR

Myxococcus Myxococcus

Feaglel,
113 HMEFEMETE

4 W (0,75 % BR 14 (Staphylococcus aureus) . PR
J% £} (Saccharomyces cerevisiae) . A B 2F 0 T
(Bacillus subtilis) . %t # % % (Phytophthora
infestans) . K% #T 7 (Escherichia coli) . 7. #4224
P (Rhizoctonia solani) . K [l % & 1 (Verticillium
dahliae) . {4 7] # (Fusarium oxysporum)#ilji] H
Y% A% 43 (Sclerotinia sclerotiorum), i ANSZEG =
Peft,
114 FERFIFLF

FeCl; ., K,HPO, . NaNO;z ., MgSO,. CaCl,
&, R b2 R RH B A R A\l 5 Tag DNA
G0, BBEWEDRHEARAR, AR
i, il ERHARRAR ROEREE, E
TS FHCA R AR B, JE A Y
HEARARAR; BefzE LI, il RA
J7 ERORAH AT, RHERFHCARA A W
JI A, IR A
12 E#HBINE. EURRKRT

W R S AL BE S, A SR Sk
v B RS 4 P A T B T IR B S 2k b L
S = o T N L DR P O e Bl Y e
AU BBz A B A R I T R T Se i, Al
F CAS WifAs; #3530 °C. 180 r/min #7555 3%
36 h, # CAS WA I WG IR KR
sl U W O AL BT 209% 0 B H O E T
—80 °C {17
1.3 HEHRHIETE
131 FEENE

S (AR RS E T PV 2ehnte, x4y
AT VY2 B3 FE K 8 d IEVEIE
BUAR A TR EER A TR IR
132 HFEE

K FH A b 5 i TR I I L )l R X L £
DNA HEF 4 EY, FFIZ0E 165 rRNA S A i 15
) 27F H1 1495R 317 PCR 4142 4 PCR j=#i%
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IS BRI R B A BRA w Y, R
BLAST XJH: 16S rRNA J:[H 7415 GenBank %4
JE i LN A HEA AR LI X
1.4 Bk B25-1-3 HE LN

Btk B25-1-3 #:F VY2 BRI E
30 °C 5% 7.d. #—80 °C 471 S. aureus. E. coli
55 B. subtilis £ 20 pL 43-5l#e A4 R 8 R A
Rigedk, 37°C. 180 r/min IR 535140, W H
e 4 °C. 8 000 r/min B.0> 15 min J5 BUC# AT
UE, JFMA 3 mL ERUKE RS, &1 mL 5
B E R AT T4 W O PR EA R R b %
20 pL {577 T—80 °C 1% S. cerevisiae $ A YPD ¥ 4
3Rk, 37°C. 180 r/min ¥R 1555 18 h J5 4 °C.
8 000 r/min &.0> 15 min , JIA 3 mL JCE/KIRE R
RVTVEH R E 1 mL B35 L B . H
BHZEHN 0.8 cm Y TCI K AL LB VY2 85570
CAK 7 d R B25-1-3 LB E, K E a5
BHITERA A RIFE S E AR E L, LAREE RN
VY2 B RAEZS AN IR, 37 °C 5555 2 d Je LA
PE L o

F PR IR KR, solani, V. dahliae.
F. oxysporum, S. sclerotiorum 43 5|4%FF PDA £%
FeHE b, P infestans #E AR RESR L, B EHAA
k0.8 em W JC I W (AR S FLI VY2 BigRdk e A
7 d By TRIAK B25-1-3 il LB U, W T DHEHN THE &
FERTEZY 25 cm Ak, DARIFER/ING VY12 3535 3E4E
ZSEXTIR, 18 °CHEFR7d, WA HI PRI 1
3R,
15 Bk B25-1-3 KB &ML
151 HKMZ%NE

¥ VY12 55570k B35S 7 d BYRPR B25-1-3 23]
A 100 mL VY/2 ARG FREHEE R, 30 °C.
180 r/min K537 3 d, L) 10%F{4EFHEHEF] 100 mL
VY/2 Wk 35k, 30 °C. 180 r/min %4555,
£30% 24 h F 8 000 r/min #5.0> 10 min W8E—KE
W, RS RE FKEEREFRE L, VIETF
50 °C fEEMLT EfaE, MR AR TEHFLHER

ST
152 FEMHHMRSH

VY12 555500 FHER 7 d B HIRE B25-1-3 4%
#| 100 mL M VY2 WK FRIEH, 30 °C.
180 r/min #7155 3 d JGHTHEREEL, DL 10%MHERD
AR 100 mL VY2 WiREEFRIEH, 30 °C,
180 r/min #5315 5% 7 do K &R 8 000 r/min 5.0
20 min, WE RIS AN [RIBHTRE R JC R K
Ve 3 WKJE B R R (PR 220 W, #8755 min,
B 10 min, 3L 30 min)j 8 000 r/min B0
20 min, W& FIEWAMN). K 2 ISR i
o IR T IHFR R, Fie o ) G 1 K 7 i 25 e
—E, 22022 um BRI NE, FIUELR LRI
PUEOIE R I T
153 KEEEMHML

XHEHT P. infestans FARS 20 A R Bk B25-1-3 i#E1 7
R, AR R L 5 e s e 45 5
A . R, R ST, LA
J ol A =PRI R B . 32 1 R ARSI LA
T e %o

A B R 3R S0 485 A e AT R B25-1-3 X
P. infestans F5 BTG R I R 2R BOKFER, K5
PR B25-1-3 $2 A VY2 Witk 3, 30 °C,
180 r/min FEMAR A K95 3 d J5HksR 2 T IEAIR S

Rl ABFHBERIEREAR

Table 1 Screening program of single factor for
fermentation conditions

Factors Levels

Incubation temperature (°C) 25 28 30 32 35
Incubation time (d) 5 6 7 8 9
Inoculum size (%) 5 8 10 12 15
Rotating speed (r/min) 150 160 170 180 190

x2 EXRE LyB)EZXEFKTE

Table 2 Factors and levels in orthogonal experiment
Lo(3%)
Levels Factors
Inoculum size (%) Incubation Incubation time
temperature (°C) (d)
1 8 28 7
2 10 30 8
3 12 32 9
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PRESEFRMIR I R, SRS AR IR 4G 1 I 4 e
WP P infestans 5P BEF RGN
1.6 EHk B25-1-3 iE 44 B AER E MR

Ktk B25-1-3 TEfcid RIS T TR 3RS
8 000 r/min #5.0> 20 min, YdE FIFH 40 °C Ik
o MREKIEMAE T, 4 0.22 pm 8T uE
BREAT, AR R L4 50 %, IRAU LA Ik
AR EVEWONIRE . AR K DLUCESMERH
SROERITRE T, TS Hm A TR I
1.7 E#k B25-1-3 EMYIRMAE SMERE
TG )

FETRIR B25-1-3 [ VY 12 1A K B 55 37 3 R s
4% XAD-16 RALWZFIAAE, T i 2645 T &l
EIR SRR R, TEASRFE T ITEIA 10 i
PRFRA T BEBEIE 3 Ik, B IFIRIRIBOT Tliekk 78 kX
bR EaE, ETRERMNOERERR, &
0.22 pm SLIERLCA BRI IERR RS, BT 4 °C
VKFEORAE A, R FHUE AR WA HXT S, aureus
E. coli, B. subtilis, S. cerevisiae . R. solani .
F. oxysporum #i S. scotiorum fFEHCIEE .
1.8 Bk B25-1-3 EMYRMVT N BEESEE

LR 557K R eI 50K e 4 J ) TR k- B25-1-3
B 0TI R O A W AT R R b 5
By, DU R v ROHOAH (0 1% 52 36 B AR A TR Sl A
FRAE 3 BV T A i A T HPLC W0 85 .
g SEANTE 3 o TN Ik L R v I A

% 3 HPLC #E %
Table 3 HPLC gradient elution method

Time (min) Water (%) Methanol (%)
0 95 5|

B 80 20

10 80 20

40 0 100

60 0 100

66 95 5

67 95 5

Je A B A TR AR BE AR W], R FH U A 32 Ak ) 5 g
FESLXT P. infestans A5 HLTE M o

Xt HA BT P. infestans {4 it 2H 4 (i FHR = 8508
AH 3% - DU G FF - AT B[R] 5T 3% X (Acquity UPLC
Xevo Q-TOF)#1745E . Mty BEH C18
(2.1x100 mm, 1.7 um)(#% C18-UPLC RELXIFEM B
ST Ak, EAEERN 10 ub, WHEN
0.3 mL/min. st A A HUAH(C G #+0.2% 1
FRVEIR), TahAH B J/KAH(K+0.2%H IR IR), 7E
IE BT e 3R 4 85 B RS i B
iRl
1.9 B#k B25-1-3 FEMEYIRM DR ERERN
Faia1ER

Al HHE9 5. O EMEKE T
BN A 5-8 8], BYIURAR H s fat e H I/ IMHEIET 1)
MR, R T 150 mm BEAR S, IEERHIBG
FRORIE oAb BRAF it B 35 181 43 5 35 50 0 A v B oy
200, 100. 10, 5. 3 £ 0 ug/mL itk B25-1-3 i
Yt da, AR, FF 100 pL P. infestans
WAl =R R I T ey ik, T 20 °C.
16 hOGHR/8 h RGP 558 7-10 d, MEE
P. infestans 4= 44 1& &L IF X A AE g 20 TR 38 20
Adobe Photoshop CS5 #EATIlIHP). LI TE /K 4331
B P. infestans i a)i7f 1% 5 Ak B25-1-3 1& T
VI AR W IRZH 1 1 2, AR IE R 6
MR, EHAE 3K

R4 EMEYBREE TR &

Table 4  The gradient elution condition for active
substances

Time (min)  Mobile phase A (%) Mobile phase B (%) Curve
0 5 95 Initial
2 5 95 6

B 50 50 6

8 60 40 6

16 70 30 6

23 80 20 6

26 80 20 6

28 5 95 6
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2 ZRH545M
2.1 H#kB25-1-3 L TE
211 LT

W RIS S TR RN AT
et sr s alifh it 3 RN T, X B R
U AEPUIG P, P BE M AR5 1Y) TR P G
500 B25-1-3. IZHEMRAESLE VY2 iR AE FIE iR
TEVER RV, A RE PR iy w1 2 7 B B i
AR PR 6, BRIEEHEOE
WA WIRGE M, (HAPEM, SR S0R 7
i, TEILSMERT A B R (K 1), SRR
YETFE) A EORBR A T S RRIE AL o
212 HFETE

Tk B25-1-3 19 16S rRNA LK 5122 5|
GenBank ¥ /FE, #5555 8 MH730555, 5
Hebpye My i xr, K8y
Myxococcus fulvus strain 1mx (& %5 & KC862597)
AR B i, TTIE 100%, Z5GTEREHIE, e
AR B25-1-3 A& (AREBRTE (M. fulvus).
2.2 H#k B25-1-3 B E L

Pk B25-1-3 Al LIZRALIf#f# E. coli, TiiiH. "]
DLl B. subtilis. F. oxysporum . R. solani .
S. sclerotiorum. V. dahliae DX & P. infestans f4:
(# 5), HHx} P. infestans MG R, (H)E
%} S. aureus FI S. cerevisiae %A MG YE .

H00 um

1 H#k B25-1-3 RS HFAE

Figure 1 The morphological characteristics of strain
B25-1-3

e A: WK B: T

Note: A: Colony; B: Fruiting bodies.

£ 5 HE#k B25-1-3 B EE
Table 5 The antibiotic spectrum of the strain B25-1-3
The indicator microorganism The antibiotic activity

Escherichia coli A
Rhizoctonia solani ++
Bacillus subtilis +

Sclerotinia sclerotiorum ++

Staphylococcus aureus =
Saccharomyces cerevisiae =

Fusarium oxysporum +
Phytophthora infestans +++
Verticillium dahliae T

Note: +++: Strong inhibition; ++: Medium inhibition; +: Weak
inhibition; —: Indicated no inhibition.

2.3 Bk B25-1-3 A RABFZHFRML
231 HEKMEWNERNBUSESEEY R
VoKt

W 2A iR, bk B25-1-3 #:R0 5 48 2 d (3R
W, 7RSS 2-3 RE AP K, 55 3-5 RifA
552 MR, 5B 5-7 RERPEADGERS K,
5T RITRIATR AR, Zeausl, A

A 0.04

e
S
&

0.02
0.01

Biomass (g)

0.00 ’
0 11

B 2 Etk B25-1-3 BIEKMZA)REFEY R
5% (B)

Figure 2 The growth curve (A) and distribution of active
substances (B)

e B A FNEFRUE 001 ZREEMKE. BB H: a:
Hoisess; ble: MAMIBT; d: MEAMIRT e ASEXA
Note: A: The lowercase letters in Figure 2A indicate significant

difference level of 0.01. B: a: P. infestans; b/c: Extracellular
substances; d: Intracellular substances; e: Blank control.
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W, odiEaTRE. BEkRERER)E,
U8 A% R 32 4 ol A 00 oA 0 e L A 0 ok s 2
Pt . g5 E 2B s, Hkk B25-1-3 1Y
Jitd A1 49 XoF B0 5 B G A K R B — 22 A B AR
Y, AE IR A 0 2 6L N ) A T s Pk, AT 2E
Witk B25-1-3 (LU R G MR T A7 7
T AR A .
232 Btk B25-1-3 KEELHMILER

(1) e

ARG bR B25-1-3 & T b Vs W B v 1
A2 AN . Fd A 150-170 r/min B, HlEE
TEPER EFHEH 5% 170 r/min 1180 r/min
B, HXT P infestans A1 il 36 14 AH ] EL2k 21 i 5
FE 180-190 r/min B, 917 B 3E T 2T A
(F 3A), M, i fefE5%3# 180 r/min,

(2) HEFPEA I

Wtk B25-1-3 & B2 35 %) P. infestans A4 4101l

A

a a

b ab
C

40 150 160 170 180 190 200
Shaking speed (r/min)

Radius of inhibition zone (mm)
—0 = N W kN -] 0

~
w
=
N
)
o
S

Radius of inhibition zone (mm)
R LR L
L [-%
+ o
F o
F o

t(d)

YRR R ST I, SRR 10%
I PE ok, UEAC R 5 R 22 K 2 I R
BkF) 6.5 mm (K 3B), K 10% K i id 4%
Fifi i

(3) KRR

PPk B25-1-3 & 1% 5 d M TG MR 3k, {HEE
5 T L 0T ) SIE A T TR G PR TR iR, 2R 7 K Tk
Ffcm, o 8 KT IR B R A& 3C), i
L AR R B AW 7 d.

(4) YL Yy S )

IR 25-30 °C B, TRtk B25-1-3 & B% bk

WX P, infestans )30 il 17 44 bl i BE B o vy T 4
5, 30 °C B ik B i, WA KNEEIEAHR N
6.5 mm, ZJ5 5 IS e B R R Y B i RIS
(&l 3D), 1A I s IR ERA R T M. fulvus
B25-1-3 & ME W Ay e A, DR B AR R R
} 30 °C,

Radius of inhibition zone (mm)
O = N W R Oy -] 0

2 4 6 8 10 12 14 16 18
Inoculum size (%)

Radius of inhibition zone (mm)

NO-—‘I\J‘-AJJ:-U\O\-]OO
— T T T T T T

4 26 28 30 32 34 36
Temperature (°C)

3 AREERERA). EME(B). FEH(C)FEE (D)X Ftk B25-1-3 B L& &K E £
Figure 3 Effect of shaking speed (A), inoculum size (B), time (C) and temperature (D) on the antibiotic activity of

fermentation supernatant

. EHR/ NG FEMER 0.01 225 58K F.

Note: The lowercase letters indicate significant difference level of 0.01.
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PEHOH I BTG P i B R e fh it . IRE S
JERAX 3 AR T IR, R REE Rk 6
Ji7R o AR B25-1-3 Rl i P . A . A
A 1 R T IO P. infestans A S AN 7]
HAR A R e 250 it 10%, IR EE 30 °C, Jidl
W7 do MR2E AT AT AR I kIR T P A
P. infestans Y& PRIy = Tt B >4 > 1
XIRES A R T 25500, R T s, A
() P A d530r 0.01, XA B E, i
WA R AR B25-1-3 A I MAM BTG M F 2 &R
FEAPE AR WA N R . @ A RN, iF
— i TR R R R R, R R 1 5 e )

#6 EXRRERITRER
Table 6 Design and results of orthogonal experiment

W v TR . BT AT 2 T i P. infestans AE
T VE RS2 /N S - il BE >4 > e [ A
W, SWMZE T RAAT
2.4 Etk B25-1-3 HUE A Y R AR E 1AL
241 HEEEME

IR B25-1-3 & T8 A= B 49 BT 1 30-100 °C
FE IR KIS F1 48203 30 min /5] % P. infestans {43
B S (B 4). STE 4 °C SRAFRIIE TR T
F$L P. infestans i&PEAHEL, 7E 30-50 °C fEE/KH
rh b B A5 A SR P. infestans FRAI IS 1 T [
HARBIE,, {HAE 60 °C KL FARIEAR S AL B S
PTG Pk A A () R B A v, R 3 v Y A B

Test Factors

Radius of inhibition zone (mm)

No.

Temperature (°C) Incubation time (d)  Inoculum size (%) Repeat 1 Repeat 2 Repeat3  Average value
1 28 8 12 5.0 4.0 5.0 4.7f
2 30 7 10 8.5 8.5 8.5 8.5a
3 32 9 12 7.0 6.0 6.5 6.5bcd
4 28 9 8 45 5.0 5.5 5.0ef
5 30 9 12 7.5 7.0 7.5 7.3b
6 32 7 8 6.0 6.0 6.0 6.0cde
7 28 7 10 5.5 6.0 5.0 5.5def
8 30 8 8 7.5 6.5 6.5 6.8bc
9 32 8 10 7.0 6.5 7.0 6.8bc
Ky 5.1 6.7 5.9
Kz 7.5 6.1 6.9 K=6.3
Ks 6.4 6.3 6.2
Ky 1.7 2.2 2.0
ko 25 2.0 2.3 k=2.1
ks 2.1 2.1 2.1
R 24 0.6 1.0

Note: Ky, Kz, Ks: The means of the corresponding list, respectively; R: Range; The lowercase letters indicate significant difference level of

0.01.

RT HESH

Table 7 Variance analysis

Source of variance The square sum of the mean squared  Mean square Degrees of freedom F R
Temperature 9.162 4.581 2 38.896 0.025
Inoculum size 1.436 0.718 2 6.094 0.141
Incubation time 0.302 0.151 2 1.283 0.438
Deviation 0.236 0.118 2
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Figure 4 Effects of the temperature on the antibiotic
activity of fermentation products

Note: The lowercase letters indicate significant difference level of
0.01.
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Figure 5 Effects of natural light, ultraviolet, proteinase K (A) and storage temperature (B) on the antibiotic activity of

fermentation products

Note: The lowercase letters indicate significant difference level of 0.01.
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Figure 6 HPLC chromatogram of the active substances
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Figure 8  Structure of the substances detected by
HPLS-MS analysis

Note: A: N-(3-amino-2-hydroxypropyl)-N-methylsulfuric diamide;
B: Methyl(2R)-2-azido-3-hydroxyl-2-methylpropanoate.
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Figure 9 Effect of active substances on the detached potato leaves infected by P. infestans
A: BOEE; B: HE; C. HE 95, D: Wi 15 /INEFE: 001 ZRBEHKE
Note: A: Feurita; B: Jizhangshu; C: Qingshu No.9; D: Kexin No.1. The lowercase letters indicate significant difference level of 0.01.
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