TRAE SRR Feb. 20, 2018, 45(2): 357—367

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.170191

T ERRAENNZE XL-6 iFit. EEREE
FHML
ZR HEE F9 R4 5RH

( 524091)

B OE.ISZ T ERRL ARG EERE, A7 RS L EF IR XG5S,
BIALE BA KR, RRGHRE, FCEMWEHRE LRALA, EARTHERBOL
WG RT B3k, [ 8] LR TARIES B RIF 3T H A A L E RN R Rk
Bk, [FF]Y RAHBRRFESBALEA, RAMXERE E. WEY kP Eitit
HIRE A B ARG XL-6 49T A, BAKIE. AW A (LHEIEE 16S RNA LB 5 7] 474
St Bt BRI A BRI B AR RIS AR A, (4R ] hisiR
B — bRt F Ak WA SR AT B R 6K B B bR XL-6, B A 3 AR R I 3 B — e RIE R
FAR XL-6 497 A Aedd RAFIE, A AW EMKAAEH AT, @ E 16S rRNA AE 5745
WERRZAMRE EMRBER FEXARL., ZAMRRKL RS 2 a5k 28
30.0 g/L. BH# 5.0 0/L. KHPO,2.0 g/L. MgCl,2.0 g/L #= NaCl 1.0 g/L; #7% pH 7.0. 33K
FHARE 70 mL/250 mL. & R4k 180 r/imin. 24t % 6%, f£28°C Ff T34 6d. [4i6] Bk
XL-6 24X ARMKAETE, KL KBEETFAE LA R HRAR.

EHEIE: FAEA, RBIAKE, Rk, LR, KBEN, Kk

Screening, identification and fermentation optimization of an
antagonistic actinomycete strain XL-6 against
Ralstonia solanacearum
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Abstract: [Background] Bacterial wilt was a destructive soil borne disease without effective
chemical pesticides to prevent. While antagonistic actinomycetes had many successful application on
a variety of plant disease with environmental protection and no residual, which provided a new way
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for the biological control of bacterial wilt in eggplant. [Objective] We isolate and screen antagonistic
actinomycetes strains with inhibitory activity on Ralstonia solanacearum from the rhizosphere soil of
healthy eggplants. [Methods] Actinomycete was isolated by Pour Plate method. Antagonistic
actinomycete was screened by double agar layer plaque technique, agar diffusion assay and
confrontation culture in vitro. Strain XL-6 was identified by morphological, culture, physiological
and biochemical characteristics and 16S rRNA gene sequence analysis. The fermentation condition
was optimized by single factor and orthogonal experiment. [Results] Strain XL-6 showed
antagonistic to Ralstonia solanacearum and three other pathogens. Strain XL-6 belonged to
Streptomyces rochei. The optimum culture conditions of strain XL-6 was with a medium of 30.0 g
cornmeal, 5.0 g yeast powder, 2.0 g K,HPO,, 2.0 g MgCl,, 1.0 g NaCl in 1 000 mL filtrate water at
initial pH of 7.0, liquid volume 70 mL in 250 mL flask, 180 r/min at 28 °C, inoculation size of 6%
for 6 d. [Conclusion] Strain XL-6 was identified as Streptomyces rochei and showed stronger
antagonistic action to Ralstonia solanacearum under optimized fermentation conditions.

Keywords: Ralstonia solanacearum, Antagonistic actinomycetes, Screening, Identification, Fermentation
condition, Optimization
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Table 1 The factors and levels orthogonal test of the XL-1-25 25
culture conditions

Levels
Factors 1 2 3 4 !
A Cornmeal (g/L) 20.00 30.00 40.00 50.00 22 FERMEENIG
B Yeast powder (g/L) 200  3.00  4.00 5.00 1 1
C K,HPO, (g/L) 0.25 0.50 1.00 2.00
D MgCl, (g/L) 1.50 2.00 2.50 3.00
E NaCl (g/L) 1.00 1.50 2.00 2.50 XL-6

Bl 1 Bk XL-6 35 R IR E B S R
Figure 1 Inhibition effect of strain XL-6 on some pathogen
A B C D .
Note: A: Ralstonia solanacearum; B: Fusarium oxysporum f. sp. cucumerinum; C: Fusarium oxysporum f. sp. cubense; D: Verticillium dahlia.
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(A)
(D)
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XL-6

XL-6 8

B2 AREIKE BRI XL-6 & BEX FHE B HIHI R

Figure 2 Inhibition effect of different concentrations

fermentation filtrate of strain XL-6 on Ralstonia solanacearum
A B 5 C 10 D

Note: A: Streptomycin; B: Fermentation diluted 5 times; C:
Fermentation diluted 10 times; D: Fermentation filtrate.

R 2 FEFk XL-6 BUIEFRIHIE
Table 2 Cultural characteristics of strain XL-6

E 3 Bk XL-6 By FHE R I8 F R 75(4 000x)
Figure 3 Morphologic characters of spore chain and spore
of strain XL-6 (4 000x)

ISP-2

XL-6

XL-6

3)

Substrate mycelium Soluble pigment

Media Aerial mycelium

Czapek’s medium Gray

Glucose asparagine agar Offwhite
Glycerol asparagine agar Bean yellow
Mineral salt starch agar Lotus white
ISP-2 Offwhite

Oat agar Gray

Gause’s synthetic medium Pink gray
Santa’s agar Offwhite

Buff gray None
Light yellow None
Light bean yellow None
Bean yellow None
Light yellow None
Light gray None
Light pink Light pink
Light yellow None
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F* 3 Kk XL-6 BYEIBE LA

Table 3 Physiological and biochemical characteristics of strain XL-6

Characteristics Results Characteristics Results Characteristics Results
Glucose + Trehalose + Sodium malate +
Mannose + Fructose + Sodium citrate -
Mannitol + Xylose + Sodium succinate +
Lactose + Ribose - L-Alanine +
Galactose + Inulin + L-Arginine =
Sorbose = Glycogen + L-Methionine =
Sorbitol = Galactitol = L-Lysine =
Maltose + Salicin + Nitrate reduciton +
Sucrose + Amygdalin + Gelatin liquefaction +
Melibiose + Erythritol = Milk peptonization +
Melezitose = Inositol + Tyrosinase +
Rhamnose + Glycerol + Amylase +
Raffinose + + Sodium gluconate +

Note: +: Positive reaction; —: Negative result.
25 RJEFFHIE 6
XL-6  16S rRNA
1404 bp GenBank
KY658459 13.25 mm
MEGA 5.05 KNO;
( 4 XL-6  Streptomyces (8.36 mm)
rochei (AB184237)
99% XL-6 262 EFRFHMERRE
(A) (B) KzHPO,4(C) MgCl; (D)
165 rRNA NaCl (E) Lis(4%) 5 4
XL-6 XL-6
2.6 FEME XL-6 KBS AMHIL
26.1 AEIRL. IR B XL-6 ZEERIIEEERY
A A>D>B>E>C
4 8 AzB4C4D:E; A
(9 (9/L)
30.0 5.0 K;HPO,2.0 MqgCl,2.0
13.35 mm NaCl 1.0 A;B4C4D,E;
(10.55 mm)
19.33cm (
XL-6 17.18 cm) 12.51%
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48 Sreptomyces capillispiralis NBRC 14222 (AB184577)
94 ’_‘7 Streptomyces azureus NBRC 127447 (AB184837)
19] e Streptomyces levis NBRC 15423" (AB184670)
15| —— Streptomyces tuirus NBRC 15617" (AB184690)
Streptomyces luteogriseus NBRC 13402" (AB184379)
5 66 |.S‘treptomyces Havoviridis NBRC 12772" (AB184842)

100" Streptomyees pilosus NBRC 12807' (AB184161)
Streptomyces djakartensis NBRC 15409 (AB184657)
Streptomyces aurantiogriseus NBRC 128427 (AB184188)
Streptomyces anandii NRRL B-3590" (AY999803)
Streptomyces asterosporus NRRL B-24328' (AY999902)
100| Streptomyces calvus ISP 5010" (AY999780)
42 Streptomyces virens NBRC 159017 (AB184713)
75 Streptomyces aureorectus NBRC 15896 (AB184710)
100 — Streptomyces violaceorubidus LMG 20319" (AJ781374)
L Strepromyces tendae ATCC 198127 (D63873)
——————————— Streptomyces mutabilis NBRC 12800" (AB184156)

| E‘ Streptomyces geysiriensis NBRC 15413" (AB184661)

Streptomyces ghanaensis KCTC 9882" (AY999851)
Streptomyces rochei NBRC 12908 (AB184237)
51 Streptomyces plicatus NBRC 13071" (AB184291)
XL-6 (KY658459)
Streptomyces enissocaesilis NRRL B-16365" (DQ026641)

Streptomyces vinaceusdrappus NRRL 2363" (AY999929)

24

48

58

5

oo

—
0.001

4 Kk XL-6 T 16S rRNA EE IR G % B#
Figure 4 Phylogenetic tree of strain XL-6 based on 16S rRNA gene sequences
1000 GenBank 0.001 0.2%

16S rRNA

Note: The bootstrap values (%) presented at the branches were calculated from 1 000 replications; Numbers in parentheses are GenBank
accession numbers; The scale bar 0.001 represents 2 nucleotide substitutions per 1 000 nucleotides.

x4 FEBR. FTFEMEK XL-6 ZEEGHEEEZN0
Table 4 Effect of different carbon sources and nitrogen on inhibition activity of submerged cultured XL-6

Carbon source Inhibition zone diameter (mm) Nitrogen source Inhibition zone diameter (mm)
Glucose 6.85€ Beef extract 9.50¢c
Fructose 7.46d Peptone 11.00b
Sucrose 4.25f Yeast powder 13.25a
Maltose 8.59c Urea 0
Cornmeal 13.35a Soybean meal 5.38f
Mannose 6.83e NH,4CI 7.05e
Glycerol 7.45d KNO3 8.36d
Soluble starch 10.55b
Duncan P<0.05

Note: Different lowercase letters in the same column show the significantly different at P<0.05 level by Duncan’s new multiple range test,
respectively.

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



364 (DG ESTE Microbiol. China

#5 B XL-6 KEIEFEPREFRHS ERRELER
Table 5 Results of the orthogonal test with different nutritional facts on the antifungal activity of submerged cultured XL-6

Number A B ¢ ° . Inhibition zone diameter (mm)
1 1 1 1 1 1 9.21
2 1 2 2 2 2 10.63
3 1 3 3 3 3 8.23
4 1 4 4 4 4 8.93
5 2 1 2 3 4 11.94
6 2 2 1 4 3 13.13
7 2 3 4 1 2 15.05
8 2 4 3 2 1 17.18
9 3 1 3 4 2 7.91
10 3 2 4 3 1 12.04
11 3 3 1 2 4 13.76
12 3 4 2 1 3 12.29
13 4 1 4 2 3 10.19
14 4 2 3 1 4 8.10
15 4 3 2 4 1 8.44
16 4 4 1 3 2 8.14
X 9.25 9.81 11.06 11.16 1.72
X, 14.33 10.98 10.83 12.94 0.43
X3 11.50 11.37 10.36 10.09 0.96
Xa 8.72 11.64 11.55 9.60 0.68
R 5.61 1.82 1.20 3.34 1.28
2.6.3 BE#k XL-6 155 KM XL-6
ZZ-9 (Streptomyces rochei
5 KT986228)8  Fro2 (Streptomyces rochei KC522302)M
pH D164 (Streptomyces rochei JQ901942)1%
7.0 70 mL/250 mL
180 r/min 6% 28°C 6d
3 WLk
[24]
[25]
XL-6
XL-6 16S rRNA 1
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B 5 AREIEFEHIEG XL-6 & BRI E MR E2 0
Figure 5 Effect of different condition on inhibition activity of submerged cultured XL-6
A pH B C D E F . Duncan
P<0.05

Note: A: Different pH; B: Different bottle filling quantity; C: Different temperature; D: Different time; E: Different rotate speed; F: Different
inoculation amount. Different lowercase letters show the significantly different at P<0.05 level by Duncan’s new multiple range test, respectively.
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