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Abstract: [Objective] The objective of this study was to examine the production of
siderophore, taxonomic position and antifungal activity of high yield siderophore-producing
bacteria isolated from Xinjiang cotton field soil. [Methods] high yield siderophore-producing
bacteria were isolated by modified sugar-aspartic acid (MSA) medium and siderophore activity
was measured by spectrophotometer method. The inhibitory effect against fusarium wilt
pathogens (Fusarium oxysporum) was measured by mixed culture method. The strain SS05
was identified according to morphological features, physiological and biochemical character-
istics and 16S rDNA sequences of the strain. [Results] There were 163 siderophore-producing
bacteria strains isolated from cotton soil and 21 of 30 tested strains has high
siderophore-producting capacity. The total siderophore relative content of strain SS05 was
98.3%. The supernatant of SS05 cultured with low concentrations of Fe** has significant inhibi-
tory effect against F. oxysporum. Strain SS05 was identified as Bacillus sp. and has the closest
genetic relationship with Bacillus mojavensis. [Conclusion] Strain SS05 was a high yield
siderophore-producing bacterium, had the closest genetic relationship with Bacillus mojavensis.
The supernatant of SS05 cultured with low concentrations of Fe*" has significant inhibitory
effect against F. oxysporum.
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Fig. 1 The color circle of different siderophore-Producing strains in MSA general plate
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Table 1 Siderophore-producing activity of soil bacteria obtained from cotton soil in Xinjiang
FEERERIR PR PRk A
[l RET1 %% 1737 RE1 %52 1737 RET1 %5
Strain AdJA; Siderophore :  Strain AJA; Siderophore :  Strain AJA Siderophore
number activity ©  number activity number activity
level level ! level
SS01  0.163+0.014 +++++ SS11 0.160+0.005 +++++ SS21 0.976+0.028 +
SS02  0.293+0.023 ++++ SS12 0.976+0.048 + SS22 0.465+0.022 +++
SS03  0.276+0.015 ++++ SS13 0.345+0.012 ++++ SS23 0.229+0.025 ++++
SS04 01650018  +++++ |  SS14 014320015  +++++ | SS24 018940010  +++++
SS05  0.017+0.006  +++++ |  SSI5 01460015  +++++ | SS25  0.9670.009 +
SS06  0.528+0.026 +++ I SS16 0.151+0.027 +++++ I SS26 0.952+0.028 +
SS07  0.128+0.009 et SS17 0.196+0.021 et SS27 0.254+0.026 ++++
SS08  0.825+0.018 A SS18 0.215+0.019 ++++ SS28 0.984+0.042 A
SS09  0.516+0.032 A SS19 0.879+0.035 + SS29 0.971+0.023 A
SS10  0.497+0.026 A SS20 0.176+0.006 ettt SS30 0.972+0.018 A

K2 FESBEFIREEFRBSIR SS05 b &kt o7k 7] H 4 KA 200

Table 2 Growth inhibition of F. oxysporum strain caused by supernatant of

SS05 cultured with different iron concentrations

R TR
Iron concentration 0 10 100 CK1 CK2
(umol/L)
B AR
Diameter of 2.86%0.05aA 3.42+0.07bB 3.75+£0.06cC 3.98+0.05cdCD  4.17%0.05deD 4.20£0.07eD

coenobium (cm)

TE: CK1 il CK2 733l G 2 517K A1 100 pmol/L /) FeCls U JO R Bk iR Lis i ATAb . /NS 5 BE5e S AN RIZRTE 5%

K2R, KRETEEEARFIIRTE 1%/K V22570 3.

Note: Instead of sterile siderophore supernatant, CK1 and CK2 were respectively treated with deionized water and 100 umol/L of
FeCl;. Different lowercase letters indicates a significant level of 5%; Capital letters is completely different at 1% means more sig-

nificant.

2.4 BEFFEREIKE R SS05 B RS A A HifiL
241 FETSHHE: S gkERE R SS05 75 NA
Rige¥t b 28 °C 538 48 h )5, WKEESAM
Wy, ShgkpEde, hial Mg, ANEW, R T,
FLEA6 ., WARFR, E2RMEME, KR
(1.3-3.5) umx(0.5-0.8) um, AU, ik
KA 25 °C-30 °C.

242 HEELFFME: SRS SS05 IE
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2 A[E Fe*REEFSRIA SS05 L iERM R IEMERREFRIIFINER
Fig. 2 The inhibition effect of SS05 supernatant cultured with different concentrations of Fe**
against Fusarium oxysporum
T A-D: Fe WM 0. 10, 50, 100 pmol/L; E iy CK1, FITEIH 2B T/ {UEr SS05 Lk ALY, F 2 CK2, J Fe* ik
JE7 0 ¥ SS05 LI A 100 pmol/L ) FeCls U SS05 LIl EATARRE. AT AREFRI, J UL B DF Y SR 422470 8 mm.
Note: Cultured with different concentrations of Fe**; A: 0 pmol/L; B: 10 pmol/L; C: 50 umol/L; D: 100 pmol/L. E: Negative control,

respectively treated with deionized water; F: Positive control, respectively treated with SSO5 supernatant cultured with 0 pmol/L
concentrations of Fe* and solution of 100 pmol/L FeCls. The original diameter of pathogenic fungus before being cultured is 8 mm.

243 DFEYFEHEE: SS05 7 GenBank [173
o5 HQ123465, 5 Eztaxon f GenBank HAf
IR = A DCRIAR I R G A B LKL 3. SS05 5
BIA S 2T (Bacillus mojavensis) Rl T 25 40FT
B & (Bacillus)— K432 4, 5 B. mojavensis it
IR B o4, 5 B. amyloliquefaciens subsp.
amyloliquefaciens HYEL TR DSM 7 HALIME F %k
k1 99.36%, istfEiE E5/NT 0.001,
CERILRRTESERE | KRR | A B fAy
TERI AR, S8 1% EN S. mojavensis.

3 #ZwrhEiTw

B F P A3 1 e DX AR AR AR Bk
ST R R B AR 7 AR TR R st A 2 RE R R T A BT, A
BOXAIR-PCR Z3#rH1, 68 BRAEIRE /0 11 i
£ 7¢; 7F 16S rRNA PCR-RFLP 434t 68 #ffitix
W4T R 10 st ft; (RRERENY 16S rDNA 227
G o i S I W o s ol N 0

(Pseudomonas) . % #T i J& (Enterobacter) . ANz
411 1% J& (Acinetobacter) . Zf 14T 14 J& (Bacillus) |
77 0% FF B )& (Alcaligenes) . & IR AT I &
(Brachybacterium)F1iZ p# & (Pantoea) , T2 354
FIHT CAS il ~F-Hi MR AEAR b 4 B rh ik i —
PRER A ™ A fig 1300 0 % B S B (P, putida)
PERE . AT R MSA AR E S 21 k7=
BRERRE IR0 1Y T bR, o SS05 HA 7 gk
HARIHE 1 (AJA=0.017), 16S rDNA 4 F41143#r
% WA TR AR R B0 55 2F /AT 7 (B. mojavensis),
W25 AR S T A I 3 i A e = 0 7 k3
TRAHTR .

NN TR ST TSR SRR APT
XPERAAA T L R, 25 SRR WA [ 35 5 B 2k
AR = AR R, APTRE 2 A AR 1Y
Gy, I HLRENGIH — @ v BESE IR N Y Fe Xk
PRSI IAE S . Manninen 1 Mattilai i
FEBARRE I IR/ DB Fe™, S8BT
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Bacillus mojavensis IFO 15718T (AB021191)

| $S05 (HQ123465)
Bacillus subtilis NRRL B-23052 T (EU138467)

85

44

_t Bacillus subtilis NRRL B-23049 T (AF074970)

Bacillus tequilensis 10bT (HQ223107)
Bacillus subtilis DSM10T (AJ276351)

52
77

_I Baciiius vaiiismortis DSM 11031 (AB021198 )

o

Bacillus amyloliquefaciens DSM 7T ( FN597644)

99
89

“ Bacillus subtilis NDNT (AB300802)

! Bacillus amyloliquefaciens An4-2 (AB244441)

2012, Vol.39, No.5

77

66
— Bacillus atrophaeus JCM 9070 T (AB021181)

63

Bacillus pumilus ATCC7061 T (AY876289)
Bacillus isabeliae CVS-8 (AM503357)
Bacillus megaterium ALA2 (AY739901)

Baciilus cereus CFR06 (AY907828)

Escherichia coli ATCC 25922 (DQ360844)

0.02

3 #IF 16S rDNA FIE Y SS05 Rk Bt (L ATIKE
Fig. 3 Phylogenetic dendrogram based on 16S rDNA sequences of endophytic bacteria SS05

T B s ERCTSORMIE RIS L, 55 08 GenBank %515, AKX Fitk.

Note: The figures on the branches indicate the reliabilities. GenBank accession numbers are in the parenthesis. The boldfaces are
tested strains. The scale bar represents 0.02 substitutions per nucleotide position.

IREFRIAE 400 nm b RE ISR . BRA
T A PP s P A [ 4 Ak S T R e
DA BRI TR A R BRI Ty T s e R, 3
24U R )R B VR B X O AR A A KA A
PEVEF, 24408 TR KT 1 pmol/L 1, AT LA
SE A5 B M B AR AR 7 A b R
5T 2RI YR B I BE KT 100 umol/L B, 774k
AN AL HS-4 1 LB RA RS AR e 2500
[l R 22 R SR RTALOF 1 I (S e € S he s ST
P Fe® e XA R 7 A I R,
BRATAA 7 Az 1) R 8 - TR B2 DRI TR R AN [ T A7 7 22
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RIS VR, SSO05 75 Fe' W EEH 0 MY 451F R Il
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{5k 165 rDNA P 5, Rk SS05 L S
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G SGAGELZEARAT IR 3 AR R AR AR 53
51>~ B. subtilis subsp. spizizenii NRRL B-23049
(AF074970) 99.855% . B. subtilis subsp. inaquo-
sorum NRRL B-23052 (EU138467) 99.829% #li
B. subtilis subsp. subtilis DSM10 (AJ276351) 99.3%,
i 5 B. mojavensis Y B X @ & 1IFO1571
(AB3008028) LI PE A 99.36% . MIEASAFAE . &4
FRRHIE . AEFRAEARRAESR R, Witk SS05 Hif%ir
T B. mojavensis™™ #1414 E A REIUAR Hia
16S rDNA FPoI R ATE RN A ME—ARHE, ik
A G ISR . IR R E A BA AR R S [m]
g, HILIRATIA A SS05 %42 4 B. mojavensis
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i T 3 A 28 VA g T B A I R A
R3] T —RIEPIEE BM-027, XAk 250 2 ik 1l
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2 A4 25 90 LR ) A 9 07 e 75 3 — R A AR 2 2R
W EAHEBUIE R B. mojavensis itk 7-47; F#
45PN B B. mojavensis F Bk FL HA B8 1T
PO B RS F /R [ (Ralstonia solanacarum) i
P B A1 &L B. mojavensis SS05 p#k ELA TR G# )
PREREARIIRE ST, TEARERARIET, SS05 X AR AEA
Z R B BRI S B P, A AR B e Y
BV R AR AR B TR

Je B0 v 75 XTI SS05 Y e f A e AR A4
#EATOLAL, WEE IR . BRSO RS, T
X H BIB A RCR AT PR

2 % X
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