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Identification and activity of Streptomyces sp. 21-6 against
Fusarium graminearum

ZHANG Qiang', ZHANG Yanru’, HUO Yunfeng', HAN Yangchao', WANG Peng',
LU Ninghai'

1 School of Resources and Environment, Henan Institute of Science and Technology, Xinxiang 453003,
Henan, China
2 School of Biotechnology, Xinxiang Institute of Engineering, Xinxiang 453700, Henan, China

Abstract: [Background] Fusarium graminearum is one of the main fungal pathogens in wheat
production. [Objective] To isolate and screen Streptomyces strains against F. graminearum and lay a
theoretical foundation for the biological control. [Methods] Streptomyces strains were isolated with the
dilution-plating method, and a plate confrontation experiment was conducted to screen out the strains
with antagonistic effects on F. graminearum. The strain was identified based on morphological,
physiological and biochemical characteristics, and sequence analysis of 16S rRNA gene. The mycelial
growth rate method was used to analyze the fermentation conditions and the stability of the cell-free
fermentation broth. The biocontrol effect and antifungal spectrum of the strain 21-6 were also evaluated.
[Results] Strain 21-6, which was finally identified as Streptomyces stelliscabiei, showed inhibitory
effect on F. graminearum, with the inhibition rate of 75.2%+2.1%. The optimized fermentation
conditions for the antifungal activity were PDB medium, fermentation time of 5 days, and initial pH 7.0.
The cell-free fermentation suppressed both the mycelial growth and conidial germination of
F. graminearum. The antifungal activity of cell-free fermentation broth was free from high temperature,
pepsin, trypsin, and proteinase K. However, the fermentation broth was resistant to acidic but sensitive
to alkali environment. Moreover, the broth inhibited the infection of wheat coleoptiles by
F. graminearum. Strain 21-6 harbors polyketide synthase pks-/ and pks-// genes. It showed biological
activities against five plant pathogenic fungi. [Conclusion] Strain 21-6 has a promising prospect in the

biological control of F. graminearum.
Keywords: Fusarium graminearum; Streptomyces sp.; fermentation condition; stability; antifungal activity
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(S. ambofaciens) IMS002 7] Ay borrelidin 55
ZRMEEY, I IA k) r 2 sE .
bR T REREBIIAAEYIN E , SRR TE e S AR K
FEWEA —EMVER, WM (S. badius)
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IAA),
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B2f AR B AE AL ERAE & 16S rRNA JEK 751 43
Briff AT %, X HICTR & R 0 410 B 1k
FoE VRS TS, DU 0 LI 5
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1.1 ##y
1.1.1 E

AR (Fusarium graminearum) . JNZE
HIEIA T (Colletorichum lagenerium) . I
1% 0 (Exserohilum turcicum) . 2R 1 # J]
(F. oxysporum). JZ ik JITE(F. proliferatum)Fi
BARB I E (F. pseudograminearum)¥y NAE#H
YESAT, R T R R B IR S PR
BEAEP e 2 SL B0 2 . 558 Rl (Streptomycetaceae
stelliscabiei) 21-6 HEH DB T A H 2T
HCE DR S R 3
112 EFE

I i S ) R B T (PDA) BE 77 3% (/L)Y -

RS 200.0, HZHE 20.0, IR 15.0 (R INEE
1 PDB $i5:3%). mR—S @)™ mE
PERER 20.0, K.HPO, 0.5, NaCl 0.5, MgS0,-7H,0
0.5, KNO; 1.0, FeSO47H,0 0.01, Fiifl§ 15.0 (A
R A R— SRR L), YG RigRsi(gL)!M:
HIEIHE 10.0, BEREPEECY 10.0, 3HE 15.0, pH
7.0, KMB 53#3E(g/L)!™ . HE AW 20.0, Hil
10.0, K,HPO, 1.5, MgSO,-7H,0 1.5, pH 7.2,
KB SRR (L) #EBE 25.0, MK 25.0,
e RHRE) 5.0, MgS0,4-7H,0 2.0, K,HPO,-3H,0
2.0, KH,P0,2.0, CaCO; 5.0, pH 7.2, RH I
LFAERH(CMO) BT (g/L)!" . BRI 4E R
B 150, EERFEREUY) 1.0, MgSO4-7H,0 0.5,
NH,NO; 1.0, KH,PO, 1.0, BEEEER b g 2
B (YEPD)E; 323 (/D)™ BEEHRE 3.0, #
ZB% 20.0, FH M 10.0,
1.1.3  FERFANLEE

WS . BERRREY . ORISR SR,
b B R A Y ARG R A s PCR 514, 4
TAY TR BRMDARA A MEEHEA
DNA $#2BUR £ . Tug PCR Mix Fil DNA Marker,
R AL ) A BRA A HEIE SR, A
MAE TR A R AR HRIRG HE 5248, H M
HEGBRAF; PCR AL, HUN ISR 2 A
BRAW]; B, d6Rt B BA T ki A bR
NCIE
1.2 A&
12,1 HnESEHS B Sk

2021 4 1 A7ETWFGE 8T & T XSS K
PR AL 1, Tl BB 2 B 9% 5 A B A B
) B 2 S e 25 A T AR 0 8 M e SR
1 g BEEREMSTIA 9 mL JLHK, 28 °C,
180 r/min Y% 3537 30 min, #H 10 min )5, 29
SR REAL 107,107 F1 107 (B V7, W EL 100 pL
ARV E R B IR AT T e R —5 ik, PArp
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A 50 mg/mL FEAK R B LA R A TR 25 1Y
P FEEE, 28 °C 1557 7 d, HKBUR[AHRE TR
Rk alifk .

SR PR Ko URR 8, R U 0 e 5 T o A 422
FhFE PDA AR U &S (BEFAR 0 25 mm Ab),
25 °C IR 2 d, T PR REZA 5 mm K/
RAMIIERYE, dRSEFR 3 d JFIHEME AR,
P B R = HE T V& AR — A HL TR VR ELAR )/ R
H V% HA-5)%100%.

1.2.2 EHk21-6 EE

(1) BB ML

WK 21-6 RIKIEF TR [0 — S5 1G5,
28 °C 53¢ 7-14 d, X WE L SIHITE . R
R BRI MR AE R [ — S 5 R 5 R 2
F AL 22 SRR

(2) A A AR ST AT

S ORR R POE S 2 5 R G052 ) POl
FE TR PR 21-6 XF Z R A e T, IFiEATTE
WK A

(3) TR E

i AN L 20 DNA $2 B ) 2 0 B bk
21-6 ML N2 DNA #E 780, DIZENZ DNA
AR, B F s 514 27F (5'-AGAGTTTGATC
CTGGCTCAG-3")#l 1492R (5'-GGTTACCTTGT
TACGACTT-3")%] 16S rRNA L[ #47 PCR 4
Hal2 PCR WA &+ 2xTag PCR Mix 12.5 uL,
27F (10 umol/L) 1.0 pL., 1492R (10 pmol/L) 1.0 uL,
DNA #i4% 1.0 pL, ddH,O 9.5 pL. PCR J2Jii 4%
#: 95°C 3 min; 94°C30s, 57°C30s, 72 °C
1 min, 30 PMEH; 72 °C 5 min, PCR #1474y
P T A T AR () e A BR 28wl kA7 4l ik
P o ARPEIPE5 5, 78 GenBank ## %2 T 3%
MR 16S rRNA R:[HF4], I MEGA
7.0 AR AR R R LB

1.2.3  E#k 21-6 REEE ML

(1) DIk Ky 5Lt ik

PREC 2 4~ 1 em K/ 21-6 BWE, 43008
F 50mL /¥ PDB., YG. ®IK—% . KMB &k
s g i 28 °C. 180 r/min 4514 F 4555 5 d.,
¥ LB T 12 000 r/min 2520 20 min, W
FATCH 0.22 pm GUSLIERERI U8, BRAS TC TR & %
W o K AN]SR R TC R & B AL I v 2 =
60 °C 41 PDA IR A, HWBSECH
10% , BERE 5 FFA R0 A S mm KRS
TIWEEYE, IAIICTE & R PDA Ki 325
XTHE . BRI 3 K. 25 °C ¥53% 3 d it
NG A SR R = B 78 EAR A R R
78)/O BB 7% HLAZR—5)>100%.

(2) 2 TR} i) i

VEHRE 21-6 BT PDB #i3asthiEg%, 404
TE2.3.4.5,6H7d LA, 12000 r/min
B0 20 min JEPEATREUE, ARATAS[R] B [A] B G
R BRI, 275 i 3% 5L 0t 4k v 0 5 vk 43t
AN TR TG B A P R R A i 7 T A A kIR

(3) WIts pH ik

Ay 1 mol/L HCIL A1 1 mol/L NaOH ¥
PDB #5555 1% pH R4 K 3.0, 5.0, 7.0, 9.0
M 11.0, R PR 21-6 & T [E pH /) PDB 35 5%
FhiigE 5d, IR EHARRE , S5 ¥R
I FE T 0 5 2 A AN R T R R B R A
ST B A AR
124 EH21-6 TR ABBRMASRIIE R
ERKINEFEAARSIN

() WAk

P G F T 6 R A i ) TR D 224, B R T
T RFAECH 10% 0 18 #k 21-6 JC & & BRI )
YEPD #5585, DN INJC T & BE W R %t BR
25°C. 150 r/min 54 F 85357 48 h, FAE# 2
TN T 228 S AT WSS
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(2) BFk

PREOR A i ) TR 224K T CMC 35k,
25 °C. 150 r/min &M TFE:7: 5 do BiRmH
2 UM ATt g, 3 500 t/min B0 10 min U
f£f0F, ] YEPD Hi3R b, JFREME Ik
JE R 1x10°A~/mL, 7EALF BRIP4l 4 i)
10%. 20%7F1 50%A AT B8O A B kR 21-6 1Y
TCH R B, DA INJCTE & M A% B . 25 °C .
150 r/min 55F F155% 12 h, DG 00500 #1
TR RGO T S 51t B kR =Hl W
KA A BELx100% 5 7] Z8=Cxt B & Za -4k
PR A 22)/%6F BRHR 2 28 100%.
1.2.5 B¥k21-6 TEABRNBREEHR

(1) #fae

PR 21-6 TR A W 43 S TE 40, 60, 80
F1100 °C 4L F 30 min, B HI EFIR)5 , F% I 10%
(TR 805 PDA B3R R A FIk, MLNHEA
5 mm K/NRAHRITT R G o LA AL 2R
TG TR K& W AT BRI INJG T & T A PDA
B E A X R, B E 3K, 25 °C
Wit 3 d e, WA AL EE AL BN A R PR 21-6
TCTR R TR AR B 23 AR TR =25 1
Xof BR T VR HAR AL A R B )(25 OV BTV
TR~ ARAL PR V5 EHLA2)*100%.

(2) MRBdFEE P

kR 21-6 TR & BER A 1 mol/L HCI1 F1
1 mol/L NaOH 43 51| %% pH fEi >/ 3.0, 5.0, 7.0,
9.0 F111.0, EiR¥E 2h /)5, #H pH N 7.0,
DA FH R i Ak 8 %) TG TR & I A vt B, DAAS I

R My TSR X TR 2

(3) AR E T

TETARE 21-6 ToIE A BER 43 AN 5 pg/mL
LR FE ) B B I P I R T K, 37 °C
A3 2 h, DAARACERA IO K B X B, AR

TNJC B & T ) PDA K573k k28 (IR 422 BR
PAE VI IR AR R 2
1.2.6 BE#k 21-6 BRI R R

TE 35 5% LA A T )2 U8 4% 9 0 T 7K
TH, K 10 RIS /K IEBEIRI 2 h J5 /N Fh
THETETFURLC L, 25 °C SRR EE R4 AR B b5
F% 2 do FHBLAEAR 23 m e BC P bk 21-6 A& R 5
W KT 10 50 B R A BT 50 1570 R
His T/AINEMT L, ke B R s 1 d ek
Z IR I VB, FH G A i BBOR 4 ik ) 1A
TR PR (1x10° A /mL) 4 5 (e 2R WS V) 1 4k
A ER 3 R, LLREMREGRIT T/
HIRZERS AXTRE . 25 °C JEmE 2 (12 hi12 h) kA4
TORBEEFE 7 d J5, RTIRZER R R D T
WML
1.2.7 &tk 21-6 RENEEE phs RIEZTER S K
& R EE nrps EEH) PCR &

DIF R 21-6 FE[NZH DNA MR, 40 51F
H51% A3F (5'-GCSTACSYSATSTACACSTCS
GG-3")H1 ATR (5'-SASGTCVCCSGTSCGGTAS-3')
X} nrps FE PEAT 12U I K1 (5-TSAAGTC
SAACATCGGBCA-3")#I M6R (5'-CGCAGGTTS
CSGTACCAGTA-3")%t phs- 1 FE K JEF 79 1521,
FIH A (5'-TSGCSTGCTTGGAYGCSATC-3")#il
B (5'-TGGAANCCGCCGAABCCGCT-3")%f pks-1I
FER TP 2 PCR KWK R . 2xTag PCR
Mix 12.5 uL, A3F/K1/A (10 pmol/L) 1.0 pL,
A7R/M6R/B (10 pmol/L) 1.0 uL, DNA &4z 1.0 uL,
ddH,0 9.5 pL. PCR Wi %&fF: 95 °C 3 min;
94°C 30s, 57°C30s, 72 °C 2 min, 30 PMEH;
72 °C 5 min, PCR 4" 34 7 1 1%0 SRR A 5 i
LK AT R
1.2.8 &k 21-6 E LN E

SR AT 7 20, PRI B bR 21-6
AR FE PDA A DU S (BB AR Ha0 25 mm
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by, 25 °C Hi 5% 2 d, TP S0l EA 5 mm
RONBY IR DAL TR RIE a4 . SRk
JIE L2 MR ABORAT T R F, 25 °C
Fi 3% 5 d, W B R iR -SSR RO 1
B M I VS I G B R VS DGR, R R
i L
2

SRS

2.1 EFE21-6 M ARASBRDEHIIFIER

A A i R Ay B R KA 5 BRAT R A
BT B AR s, PR 21-6
PIFEHURE T ik, REE WY B4 i R A Hi 00 TR T
HAER, JFHSBEERTWORAL L,
AT, Wk 21-6 X R4 T A0 R A
75.2%+2.1%, FILH BRI GE ST 1),
22 HEHR2-6 ETELER
2.2.1 EK21-6 IS REEE LHHE

GERE 21-6 TER R— S5 LA KR,
SEWZ A6, HNEZEHE, ArAn]
R, WLTORRRE, Rk, il 22 I8
HEBN(F 2) AFRAEARZE KB, Btk 21-6 BB
PR A0 . SRWE . 2200 BERE . T g RE

1 EHk21-6 WARARIERIFMER A
ARAWITHR B B THRE 21-6 SR BT H B9
SPx Ry

Figure 1  Strain 21-6 against Fusarium graminearum
on PDA plate. A: The control of F. graminearum; B:
Inhibition of strain 21-6 against F. graminearum.

2 HEHE 21-6 B SUHAE
W 22 722

Figure 2 Morphological characteristics of strain
21-6. A: Colony; B: Mycelium and spore-producing
chains.

A: HIKIEZ; B:

BRI ;s RBAOZ/K AR TERD FIFI FHEF4E R AReff
WAL . 2R hBELE . AN A R R FAL A
2.2.2 TE ¥k 21-6 B9 16S rRNA EF F 545

DI BE 21-6 ZEF4H DNA Rtk , F) A1
FABIY%H 16S rRNA KR 51 6479 5 Foii
¥, IBKEER 1399 bp FH], R E
GenBank 4l % , % 5155 2 OM349124 . 7E NCBI
i e 4 BLAST HXt)e, ABLEFE 21-6 (1)
16S rRNA J:[H 55 S. stelliscabiei F)Y FL4%
W (S. bottropensis) S5 Z AR MY 16S rRNA 5
P FIALEAE 99%LA o dE— e 334 %
B A AR Y 16S rRNA JEH P41, ]I MEGA 7.0
BRI E R AL BN 2R R, H
¥k 21-6 5 S. stelliscabiei QMA26 } B-5S-2 F&2k
fE—ife, T (K 3). SiaESMER
HALARAE, KRR 21-6 52K S. stelliscabiei.,
2.3 EHk21-6 KEBEEUHMUER
2.3.1 Bk 21-6 AEEMIIA AR ETFIA

FIH PDB 4§ 5 RN RE S BE X RIbR 21-6
ST B SRR TR R . A5 BOR
PDB #5375 3K A5 1 JC TR & T W 1 ) 4 ) i
SR, B R AT LA F) 80%LA | HR K YG 1
FrhL, WA RN 40% 4547 5 T K

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



4150

(DGX7ES ik

Streptomyces stelliscabiei QMA26 (MT525259)
Streptomyces stelliscabiei B-5S-2 (JF439603)
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21-6 (OM349124)

100 Streptomyces bottropensis NBRC 13023 (NR041096)

100 Streptomyces bottropensis ATCC 25435 (NR115571)
Streptomyces bottropensis AMCC 400023 (KU189257)
2l Streptomyces europaeiscabiei KACC 20186 (NR042790)
Streptomyces erythrochromogenes NBRC 3304 (AB184746)
85 Streptomyces globisporus NRRL B-2872 (NR044145)
W' Streptomyces globisporus NBRC 12867 (NR112309)

94 Streptomyces fradiae NBRC 12773 (NR112270)
_:treptomyces fradiae NBRC 12175 (AB184060)

—_
0.0100

3 ET 16S rRNA EEFF|HEE 21-6 REXEKMN AR LB H

Nocardia iowensis NRRL 5646 (NR115923)

53 A ARIR bootstrap

fi; 55 NEUME N GenBank & %5 b RACERILIE
Figure 3 Phylogenetic tree of strain 21-6 and related strains based on 16S rRNA gene sequences. Numbers
at branch nodes present bootstrap value; Numbers in parentheses are GenBank accession numbers; Bar

represents sequence divergence.

—'5 . KMB F & 55 37 55 BT R T 1 & e v A T
ARG, 209010 3.0%+1.5% . 3.5%+0.9%F
11.6%+0.9% (&l 4). FULBEH, FRE 21-6 MEY
R A Z B R RIS g, Hof PDB B
FRIEAT AR W5z s ™ R TR A )5
2.3.2 Bk 21-6 ZEERT B R M144 pH TF ik
Ptk 21-6 76 PDB 55 5% 2 d B, G
R BRI R AL, R 3% A B R
BRI, MR BT, 5 d B AT LLs 2]
80%LA I ZJEMREHE A TR, B 7d8T
KR 60% 447 (K SA). TEAREIRIGS pH I 41F
THEEFE, BRE 21-6 JORE KRR A BT 12 TR
B R B E, R TE pHEN 7.0 200 F,
B R A REPRFFAE 80% 2547, IRk A 25 4
TEREABIL 2% (K 5B). AL, Bk
21-6 &AM R TR R 5 d, pH &4 Rk,

24 HH21-6 TRABGENRARIEER
22 5 K R ¥ 1A A& RO 52

TE 10% AT 50 B0 1 TR Pk 21-6 TCTRE & TR AT
PSR, R B 224 K 32 2l i)
[, LA ANE | 2447 (E 6).
IEAN, ASFERFR B TRIAR 21-6 TCTR & iR R
A LASE M R A S 00 B ATl kol B, R R
BN 10%0), 67 A R FEIRE] 20%, S0
T 80%; YRR F B 50% 0, 1Y
B &R TR 1% 4 1),
2.5 Bk 21-6 EEABBNIEEN

BRIk 21-6 TR A R 22 40-80 °C ZhFH 30 min
J5, AT RAAE 90%LL ;100 °C AbFE)E
ARXT IR R A IRARFETE 88% 2545 (K] TA), UiHH
TG P & T Y P 1 40 T 3 4 T LA B i AR
EME WE 7B s, 4 pH {E R 7.0 BF R &
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4 AEEFERGHEN21-6 TEABRBNASRIEFM  A: X d; B: PDB }i#k; C:
YG i34k D: mIR—SIARE SR E: KMB 5373 F. KBS

Figure 4 Effects of strain 21-6 cell-free fermentation broth in different medium against F. graminearum. A:
CK; B: PDB medium; C: YG medium; D: Gao’s No. 1 medium; E: KMB medium; F: Fermentation medium.

A B _
100 - 100
a a
80 b 80T a
~ C ] C o
S — = d s
g 60 - ™ % 60
S g
:‘_5 40 - 5 40
= =
20 - 20
e
b b b b
01 o> = - 2
2 3 4 5 6 7 3.0 5.0 7.0 9.0 11.0
Fermentation time (d) pH

5 AREIABEZHTEK 21-6 TEABAMIIER A KBNE; B: RE. H EARNGF
BFRZEF BE
Figure 5 Inhibition rate of strain 21-6 cell-free fermentation broth under different conditions. A:

Fermentation time; B: Acidity and alkakinity. Different lowercase letters on the bars indicate significant
difference.
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A 120
a a
_100F = — b .
S = =
£ 80
g
E 60
=
\ - .8
) E 40 -
) =
2
B 6 Etk21-6 AEABBMAARIBRALE 2
KEIRM  A: xR B: Rbk 21-6 403 "
Figure 6 Effects of strain 21-6 cell-free fermentation 40 T 6 . 8(2(:) 160
broth on mycelial growth of F. graminearum. A: S eraie
CK; B: Treated by strain 21-6. B 120
1w b b2
x1 B 21-6 FNREIRE TE X BER RE KT g 1 [
RN R A = Br
Table 1 Effects of strain 21-6 cell-free fermentation £ 6ol
broth on conidiospores germination of F. graminearum = .
Wi H Item {RFS3 8L Volume ratio (%) E 40
<
10 20 50 S 50l d
B kR 20.0£2.0a 10.7£1.2b 1.3#+1.2¢ H
Germination rate (%) 0 30 o 7 o0 1.0
] % 79.6+2.5¢ 89.1+1.0b  98.6+1.2a ' ’ pi{ ’ ’
Inhibition rate (%) C 120r1
. RPARVNG FHFRRAE P<0.05 K25 3 S a a
Note: Different lowercase letters in the same column E 100 = - ]
indicate significant difference at P<0.05. 8 80
=1
)
" I . Z oo
T AR X N B SR e, 0 97% A4 TEIRTE g Ll
ZPETE U pH LSR5 3.0 1 5.0 AR I £ 20!
FABREE 90%LA b5 BEH pH {HAYTHe, &
s . . s Pepsin Trypsin  Proteinase K

R 15% 2547, F b isd BA 100 T 3 4 400 o s P )
ATt 40 B A . TR AR 1 R 1
K X TCrA A BRI T A B, A X BR R R PR
B AR (B 7C), 2 BIIITRIE PE o itk 2
A U
2.6 HEk 21-6 BIBFRE IR

o AR TR, HEER R A i ) TR B 6T
WL /INZ IR 20 0 1 A (i B, T R AT PR 21-6

7 FREFZFHTEK 21-6 TEABKRIREM
A iR B: MRERE; C. PN AR/
HSERIRTE P<0.05 KV 2257 &

Figure 7  Antifungal stability of strain 21-6
cell-free fermentation broth under different
conditions. A: Temperature; B: Acidity and

alkakinity; C: Protease types. Different lowercase
letters on the bars indicate significant difference at
P<0.05 level.
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AT e B I Ak P T2 o D 1T A /N 22 i
ZERSACAE D) AR AR A 8, R BETC I B
(& 8), ULHIHIRE 21-6 X ARSI HIR YL/ NFE
IR 25 EL A — 2 P A P
2.7 Btk 21-6 BENE S pks RIFZELS
Bk & B8 nrps X EH) PCR a4 R

PCR ¥ 445 K B, Ttk 21-6 Hrag gl
2| pks-1 1 pks-IT 3N, BEZF R LA DL E
2 B ACBEAE SCHEIN, I 7 A M S B TR 9
(% 9).
2.8 EFk 21-6 BYHNE L

RIS UE TR KR 21-6 X AR A ik T TR DA AR G HAA
L7 D B AT B A T IO PN et R 5 SR 32
TR 21-6 5ok A BRE ¢ J5F 0 6 1 TR 288 4 JEL 9 1 F4) 40
WV drco, B SEAE 11 mm ZE 475 HORON
J2 4 0 RRMBR A S DD T, ST 550 8 mm
FeA s XA TR D T A0 RE T Bk, B0
e AE 2 mm DA (3 2).

3 winEE#

il TR — SR B A T LE BT IR T

¥

/
//

A=W, T RE AT BB PR A i T T A R A
Xof AR A i 70 T BT O R AR B R A B
So AT o3 BT 08 21— PR AR ) TR HAT 34
ISR R TR 21-6, SIEAS . EHA L
FFIE S 16S tRNA JEN PSS, %Rk
EN S. stelliscabiei, HWFEIEH | S. stelliscabiei
S SR 2 — 1 T AR RIS R A
Bk 21-6 XERAT ) W HA —ERIEDTRETT . 5
WEEABL, P BB TR CHB-6 X AR A 8k ) T4 25
J D LA P e 0 YT e 1 [ R A
JE Th A% SRS 1 5 — o
Az 917 T K 1 2R A DI AR X B AT A 77 JUAS

RIS A B S PR PO i i
W AOBE R (S. caeruleatus) WMF106 fefd: & 1%
B B b, R AG pH ., MR R
T RIS TA] | R T R A i A R AT T
SN, JRIRAR T ERAERBERM . Ah, WA
AITP7280 0 S %o SRR S BE TR (S, samsunensi) 17-7
Rt AR T HS-B31 (W 2l oy J kT 25 A
HATHETE . AW R LR B 21-6 7E PDB 1537
Serh R I JO TR R R I T RE ) B, IR EL

of

8 Etk 21-6 WAABNERRKNEMFHOMBINR A WH; B: LBRIEMR; C: KB

10 BB D R 50 15 B
Figure 8

Control effects of strain 21-6 against wheat coleoptiles of F. graminearum. A: CK; B:

Fermentation broth; C: Fermentation broth 10-fold; D: Fermentation broth 50-fold.
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bp Marker  pks-I  pks-II  nrps

2 000

1000
750

500
250
100

9 BHk 21-6 B pks-1 . pks-Il % nrps ZFE#H
PCR # 1§
Figure 9 PCR amplification results of pks-/,

pks-II and nrps sequences of strain 21-6.

®2 EHK21-6 X5 MAREYHREERMNER
1EH

Table 2 The inhibitory effects of strain 21-6 against
five plant pathogens

FEH 95 I T T S8R
Plant pathogenes Inhibition zone (mm)
TR R IE G T 10.8+1.5a
Colletorichum lagenerium

R I 8 46 11.3%1.3a
Exserohilum turcicum

IRALR T 1.5+0.6d
Fusarium oxysporum

JZ R T 8.342.5b

F. proliferatum

TRARA He T 7.5¢1.3¢

F. pseudograminearum

Bl EARNE FREFRIRTE P<0.05 KFERBE
Note: Different lowercase letters in the same column
indicate significant difference at P<0.05.

WA SRR Y 5d, pHAE N 7.0 H, F
— RN R TR PR 21-6 & WSS IR B4 53 Je Fofh &
WA AT IR R o

A= B R TS I T AR H AR E MR VT
5K, ZEBREEPIIR S BE R H(S. enissocaesilis)
SA37 R E TR A, HIZWERAE 70 °C L 1
(A TR A 25 1 T TR VS MR R R AR, B &

SU TR B, BEEET 3-10 KT 80 °C LU
R R SRR SRR R, T
Bk 21-6 JC T & B 28 100 °C A0 B I A X 1 %
AITE 88%/ZE4T, 7E pH M dERIERME A T 1Y
XTI HERLE 90% LA b, I HLXT 8 & (%
3 PR BN EURE . kU B, PR 21-6 T
PR IR e e My, B N AR i T

TR PR 5T R B, R R BR8P I
L TR A B S22 A B G BT 3 it 40 i IS Joi 3k
SAACTREE, DT e A5 i i L T 24 B 3 i e
SN N F P ANE IR BE TP ARG
HHTR Pk 21-6 HY TG TR A& MR RE RS- BOR A 9k T T
WA 22 AR NG | ARES, IR AR R
Rt TETEVEY BT oE r , fE R A
1ok SRR 5 e AT AR AL AR 22 IR G B R A G U
PR, Gn . FRIBEEE R (S. albospinus) NLG-3
HA nrps Ml pks KRS X1 HE 2B itk
HEFLH (S. antibioticus) NRRL 8167 ) & T HL
Y & B — R E L5 %) naphthgeranine
Ao ABFRIERE M 21-6 Fd 2] pks-7 Fl
phs-IT 5, HEW A 5 BAH SC TG P 4 52 1 v
Jio B, Tk 21-6 A IR AL K TS PR B A
KB F ISR
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