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W REREARE KB E LA EEERF R

ZEH KE BT BEC BE’ BE° EmA’ KET HE’
MEER ZEE R EER™

| B AR SRR B SRR 830052

2 AL FRER BUE MR FT i G AGE 830001

W OE: IHFT] MRRAFBRLG I, MLFERTZEY AT ERTERR, AR
Wb 2R R MAEE21E4%. [B4]) K% Bacillus velezensis BHZ-29. Bacillus atrophaeus
SHZ-24. Bacillus subtilis SHT-15. Bacillus vanillea SMT-24 & #k /= 4k B AR 48 1 A L3370 5] /& 1 64 %
. [ %1 MKB-CAS & -F A M4k HAK, Amow 55 & RABK K S T BN LA, CAS £i&
TEAREMR, IRIEY BOE M ARG TR BRI B MR % m. [4%] MKB-CAS B &-F K
AARBBBENAELERERE, Amow R AMBIAR L RME AL E, HARKEE LR
e k¥ &, BHZ-29. SHZ-24. SHT-15. SMT-24 B M4 KK Z T ER LA R KA S A A
8.27%+0.61%. 31.80%+2.06%. 16.06%+3.61%. 15.53%+0.51%, B XEAL AJA WALZ 455 A
0.917+0.092. 0.682+0.021. 0.845+0.005. 0.846+0.008. BHZ-29. SHZ-24. SMT-24 @k 4-4k & T
R 0. 10, 20 pmol/L 3 A4 AL BA R H IS A R B A7 H B, SHT-15 Ak 3 BAE B INITH B,
FRABABRKIRERM, [£i8] 4 REBERARY ZRKERA, KBEREEHILERE, 4 BRiFR
B HREAR 7 4k BARRE H 5K, R 53K 31.80%+2.06%, ~4khe /1 AJA HLAE S T 0.682 B, BHZ-29.

SHZ-24. SMT-24 B#k44% & FRE 0. 10. 20 pmol/L 3 2A4L 32 & B £ i JE R 3T 37 8 75 M A% R,
SHT-15 B4k 3 LA R4k B T IREA I A MR a2 - TR E.
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Determination of the siderophore produced by antagonistic cotton
Verticillium wilt bacteria and its effect on antibacterial activity

LI Xue-Yan' ZHANG Tao' YANG Hong-Mei> CHU Min®* GAO Yan® ZENG Jun®
HUO Xiang-Dong”> ZHANG Tao® LIN Qing® MAHEMUTI Outikuer® LI Yu-Guo®
LOU Kai* SHI Ying-Wu''?

1 College of Life Sciences and Technology, Xinjiang University, Urumgqi, Xinjiang 830052, China
2 Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Urumgqi, Xinjiang 830091, China

Abstract: [Background] Cotton plays a key role in Xinjiang’s agriculture, but cotton production and fiber
quality are seriously affected by Verticillium dahliae, effective prevention and control approaches are the
primary tasks to be solved. [Objective] To study the ability of Bacillus velezensis BHZ-29, Bacillus
atrophaeus SHZ-24, Bacillus subtilis SHT-15 and Bacillus vanillea SMT-24 to produce siderophore and
siderophore’s effects on antibacterial activity. [Methods] MKB-CAS double-layer plate was used to detect
siderophore, Arnow method and iron perchlorate method were used to identify the type of siderophore,
CAS dye liquid quantitative siderophore and agar diffusion method was used to determine the effect of
siderophore on antibacterial substances under low iron conditions. [Results] An orange-purple color
appeared around the bacteria on the MKB-CAS solid plate, Solutions color of the four antagonistic
antibiotics in the Arnow experiment was red and perchlorate reaction solutions was yellow. The
maximum values of quantitative activity units of siderophore of BHZ-29, SHZ-24, SHT-15 and SMT-24
strains were 8.27%+0.61%, 31.80%+2.06%, 16.06%=3.61%, and 15.53%+0.51%, respectively, the
absorbance values of Ay/A, the smallest ratios were 0.917+0.092, 0.682+0.021, 0.845+0.005 and
0.846+0.008, respectively. No inhibitory zone appeared in the 0, 10 and 20 pmol/L iron ion treatment
groups of BHZ-29, SHZ-24 and SMT-24 strains, in three treatment groups of SHT-15 strains had
inhibition zones, but there was no difference in the diameter of the inhibition zone. [Conclusion] The
four strains of antagonistic bacteria were all siderophore-producing, the type of siderophore was
catechol, and the four antagonistic strains had low siderophore-producing ability, with a maximum of
31.80%=*2.06%, when the siderophore-producting capacity of AJ/A; ratio was higher than 0.682,
BHZ-29, SHZ-24 and SMT-24 fermentation sterile filtrates with 0, 10 and 20 umol/L iron ions, had no
effect on the antibacterial activity, SHT-15 fermentation sterile filtrates with 0, 10 and 20 pmol/L had no
significant difference in the effect of antibacterial substances.

Keywords: Antagonistic bacteria, Siderophore assay, Siderophore quantification, Low iron, Antibacterial
activity
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SEA HABYI BRI 2504 PR AR 4T LU
g e M, ZEAT RS AR T R > . A
WESE 4 BREEPUAIE T 2R, b Bacillus
velezensis BHZ-29 . Bacillus vanillea SMT-24 Fff ;=
BRAARRE 7 B R SRR AL B 22905 1 AR AR DL 4R
H ., AHRIZH 2 WF9T Bacillus velezensis BHZ-29 .
Bacillus atrophaeus SHZ-24 . Bacillus subtilis
SHT-15 . Bacillus vanillea SMT-24 4 #f45 i e
AR, FEIRA AL S ZRINBOR 5L, (HPG
ML ASEAAf . WA i 4 MRIS TR R ™k
ZRAARRE J7 LA B AN [R] 2k B T vk R A B 1Y) K I TG
Rl UNE L) DN R T Vet TR 4 L S Y O WNTIE £ 50
IS PER R
1 RS
1.1 HEtk

BEREARRIR . BHZ-29, SHZ-24 Btk Ak
W ISR . AT ARERIR N ; SHT-15.
SMT-24 3] A7 ] F- R BRI AR PR 3 b 43 B P

RANFEAL AR . HBTEAO B4 A P R4
WFSE XA AL
1.2 EHxFE

PDA #5573k NA Bk, NB A IR
MKB & R 15 5 32 2% CHk[15], MKB-CAS XUZ
SRR ALUS, RO MKB AR SRS, FEN
CAS Kl 3E3edE, CAS Yo s .
1.3 FERFIFLES

NRA, FEEEREARAE; ToRbiE—
HOLIRA R, READCEAEM TR SR
WHAKED, BRI ENAEARA R 251
SR, B A MRS A RA R mER R
2041, Eppendorf 22w &R KB, dbatik
BRI TR o
1.4 =¥k BHZ-29. SHZ-24. SHT-15. SMT-24
FEERER R BIAEM 75 3
1.4.1 MKB % EHHIHIF

PREL NA 5373k E R4 A9 1 #k BHZ-29 |
SHZ-24 . SHT-15, SMT-24 A%y H3R0 T MKB

WAARREFRHE, B 500 mL M o 50 mL, 30 °C,
200 r/min KEERGTE 2 d, FIR S%RIEEERE A
MKB W72, il 1-6 d.
1.42 MKB-CAS E/{FF4RE MM

PRIUNA B5 5L F A3 I SR TR 75 B2+ NB W 4
Higidk, B 500 mL i S0 mL, 30 °C., 200 t/min
KIEERFE 48 h, £HU1 mL KT 1.5 mL &) EP
1 10 000 r/min 5.0 10 min, fREEERS, K
PRZEIR K DRI R AR 2 YR 5 E e o AT 2 e EEE B TR T
7£ MKB-CAS [t EXIZk, 30 °C 1HiREEF4
it 24 h, FARRICREE R,
143 SREARLBLEE

B BHZ-29. SHZ-24, SHT-15. SMT-24 itk
K4 d ) MKB &BE# 4 mL, 10 000 r/min 5.0
10 min fR B8 _FIEW A . % 3CH[18-19], Armow
SERGRG G LS TR AR . B 4 BRESHUAN A &
W 1 mL, KK HIA 1 mL 0.5 mol/L 1 HCL, 1 mL
FHIRER VA (NaNO, 10 g, Na;MoO4 10 g, ZEIR/KE
A% 100 mL)FH A ST, A 1 mL 0.5 mol/L i
NaOH, %k i s 221 IF0R4F 15 min A5, IEH]
BILASE BRI A A,  X) BR ZH K 28 1 K AR s P4
B, HAREA R (CKY) . R BRI A
55 S e TR AR A B 4 BREEPUA & LB
% 0.5mL, HIA 2.5 mL 5 mmol/L Y& BRELIA
W, BUEARLI AT SRR G B B kR A, AR BTG,
X BB 2K A RSP An o s, HEARERAE
A (CKy).
1.4.4  SKE S WLERLZNE

B 10 000 r/min BS.0> 10 min {9 1 mL MKB 4 Ji#
WS 1 mL CAS BIRG, MBEASE
15mL, W 1 h JFEEAN] A6 6T 630 nm
AR ERE(E(A), LA MKB & EERAE N
ZWAHA), 70 EEEHK BHZ-29, SHZ-24 .
SHT-15. SMT-24 k8 1-6 d fr=4ie, Baiiasi
37221, Su (Siderophore unit)=[(A—A)/A]x100.
145 FFHEAEENHIE

FEPURERIELE 1-6 d RIFERIROGEE(E K2l
[F] 1.4.4, ARPESCHR[22], WOGRE HUIE AVA B> —
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A 0.2 BEIN—A>+7, SRR Bk B AR RE T2 T4
53, — M BRAAARE J1 85 5 () A TR O BE L
B A/AET 0.5, 73 BIXHHEHL #k BHZ-29 .SHZ-24 |
SHT-15, SMT-24 J#kBE 1 i1 71 53
1.5 RKEERBSFAEMSIEAT KL RER
1ER

¥ 25 °C. 150 v/min K[ 7 d M KIGEHE
(10° CFU/mL) 107> f5FBMia i T PDA [H{AS% 5%
I, 6 mm ATFLART 5 FLA& . ks Fik
JEMUR R AR, USSR 4 d, SRR TR
0. 10, 20 umol/L f¥) MKB %%, 10 000 r/min
20 10 min, 0.22 pm JEREIIE, & BOCH KRR
100 uL LA PDA fLH, 25 °C tHIRE FRM 3% 4 d,
giit 3 HALFRINTR I K/, DLR B I KRR
BHAE X HE, A2 18 1) & 1 MKB 55 7736 025 PG E

2 HRE5HHh
2.1 MKB-CAS XY= FARM M =k i 25 R

& 1A.B /R, Fkk BHZ-29 .SHZ-24 . SHT-15
SMT-24 1 MKB-CAS }i%t FAK R AF, HiARHE
Bl B B B A ), R BHZ-29.
SHZ-24. SHT-15. SMT-24 Jn] p=kagiis
22 FEEREALBILE

Kl 2A Amow SEEZSIR IR, Wk BHZ-29.
SHZ-24. SHT-15. SMT-24 2l — & BRREE AR LT 3

a

A

1 BHZ-29. SHZ-24, SHT-15. SMT-24 HE#k =8k
ik MKB-CAS W EFiR&MEE

Figure 1 Siderophore-producing assay results of BHZ-29,
SHZ-24, SHT-15 and SMT-24 strains by MKB-CAS
double-plate

T T8 a-d A BIMUE B BHZ-29, SHZ-24, SHT-15.,
SMT-24.

Note: The letters a to d represent strain BHZ-29, SHZ-24, SHT-15
and SMT-24, respectively.

B2 JLEME, FRERRBSKEAENESR

Figure 2 Test results of catechol and hydroxamic acid
siderophores

H: 1. 8: SMT-24; 2. 5: SHZ-24; 3. 7: BHZ-29; 4. 6:
SHT-15; CK,. CK, % 1% .

Note: 1, 8: Strain SMT-24; 2, 5: Strain SHZ-24; 3, 7. Strain
BHZ-29; 4, 6: Strain SHT-15; CK,, CK; are the blank control.

% H 15 min WA TCE, K 4 BRIETURS &6
LSBTk, SHZ-24 L1, JLASm Bk
ARG ERE. B 2B ARSI EE R,
4 BRFEHUR RN B B AR AR, 4 MRISHIR S
SRR IR BAYE
2.3 SREMAERERTE T L Ehzk

M 3 A1, SHZ-24 Wifkr=gkidiii & i
F BHZ-29., SHT-15, SMT-24 FHR(EE 1 KERSM),
APk BHZ-29 F kit i/, IEREIARS K M2k
B, AFGE RSB E R R RR R . bk
SHT-24 Rk 1-4 d BRI EHIIN, 55 4 Rk
iR R, 55 4-6 KIEAT TR, Witk SHT-151-5d
BRI A4k, 5—6 d 3 F IR bk
SMT-24 Zh#fiht 1-5 d B K, 5-6 d k%%
SE . BHZ-29 Hikk 1-3 d Bk ik e 828k,
3-4 d ISR IRBIRRE i
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35 |—=—BHZ-29
—e— SHZ-24
30 —a— SHT-15

—v— SMT-24

—
W
T

Siderophore unit (%)

t(d)

3 BHZ-29. SHZ-24, SHT-15, SMT-24 HEtk% B
1-6 d =gk iR rh L

Figure 3 Siderophore-producing curve of BHZ-29,
SHZ-24, SHT-15 and SMT-24 strains by fermentation
1-6d

24 FHREBAENFIEER

2 1 AT, Btk BHZ-29 WOGREE A/A, HAE
f/NR 0.917+£0.092, F=ERRES 5, MRF %,
SHZ-24 Ttk A/A W/ N 0.682+0.021, 7 EkAE
Tl e+, Tk SHT-15 5 SMT-24 AJA, HifH
efiks3 574 0.845+0.005 . 0.846+0.008, 7Bk /14
A
2.5 REMESBATHIIEY RN NS R

Kl 4. Bl 5 KB, BARTURINRTERE
4 ¥REMR T, WPk SHZ-24, SMT-24, BHZ-29 &%k
A0, 10, 20 pmol/L Y8 RIS JCHI il S e A% 147
BOR, HER SHT-15 0, 10, 20 umol/L 4%k itk
PR TS LR S i R B B 52 s R =k

%=1 BHZ-29. SHZ-24, SHT-15. SMT-24 EtkF=skE A e hEW R
Table 1 Siderophore-producing capability of BHZ-29, SHZ-24, SHT-15 and SMT-24 strains

AJA. FERBUARE )
Time (d) Siderophore-producing capability
BHZ-29 SHZ-24 SHT-15 SMT-24 BHZ-29  SHZ-24  SHT-15  SMT-24
1 0.956+0.015a 0.945+0.006a 0.865+0.012b 0.933+0.025a 4
2 0.961+0.032a 0.803+0.025¢ 0.872+0.005b 0.892+0.012b s 4 A
3 0.957+0.024a 0.715+0.025¢ 0.879+0.015b 0.870+0.014b + + 3
4 0.917+0.092a 0.682+0.021¢c 0.865+0.011b 0.857+0.009b ++ + A
5 0.922+0.003a 0.691+0.007d 0.845+0.005¢ 0.898+0.007b AHF 4 3
6 0.923+0.002a 0.719+0.005d 0.862+0.005b 0.846+0.008¢ AHF 4 3

e INEFERFORER, RNRERZ B 22530E(P<0.05).

Note: Small letters indicate the differences between different strains on the same day (P<0.05).

SHT: 15 e

B4 (RRESRETFLEMSREERRN AMERENINEERSER

Figure 4 Inhibitory effect of siderophore treated with low concentration iron ions on Verticillium dahliae

TE: CKy WPHMEXTIR, CKo WtRAS FIXTHR, 1. 2. 3 4 BIFORGEE THE N 0. 10, 20 pmol/L.

Note: CK; is positive control and CK, strain is blank control. 1, 2, and 3 indicate iron ion concentrations of 0, 10 and 20 pumol/L,

respectively.
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30
CK, E0pmol/L
g N CK, 110 umol/L a
g B © (11120 pmol/L %
5
e 8 20 -Z a
= 7 '
B 15t
£Z
g
E bbb
= 5
=
BHZ-29 SHZ-24 SHT-15 SMT-24
[EL7S
Strains

E5 ZABAEEKXNGITE

Figure 5 Statistics of the inhibition zone diameter of each
treatmente

1 NS FRACER EF R R B (7] 25 57 .53 (P<0.05).
Note: Small letters represent significant differences between
different treatments of the same strain (P<0.05).

fiE )1 AVA LU R T 0.682 i), B Ak BHZ-29 .SHZ-24 |
SMT-24 FHETHE 0. 10, 20 umol/L 3 ZHALFH
R T TR B VRN I TRV M TS e, TR SHT-15
3 ZHACPEX I RITE PEAT RE0, 25 A B (R TR 1 2
CZNTE N

3 WihE4w

BRAFARKIN 74 Arnow ¥, i@ CAS #:
i, 630 nm AbAAAXTIROGEE D | MR GG . =R
HIEL%R b CAS Wiz,
ZIT AR O, TR 22k A . 3B
FRRBIRMIRIARI, (H CAS Higrtrp o kit
= W ERRAL i (HDTMA) 5 T A 5 e fi, 30070 7 14
Ak, BAREK, MR CAS BUZF-ARILRE
g3k Gt be ik = ORI B S TR B A, A%
W5 R F MKB-CAS AUZ Akl , iRk A= 1 R4,
24h HIFT R £5,

X2 HF 5 6 Rk 2 1A X 22 g I B e 21 4000+
YER, PRORDGEEZE AT B RE ) AVA R 0.017 (1)
SS05 Tk, Ho b3 WO AR AL At 220 it L BT A7 11
VEFYY, BRAESEHE h HMGY6B Bk =2k 2k i fig
J1 AJA R 0.23, BLFEERRE TR BRI, XK

T TR 1 P ek 5 Y, s A543 P ik k1A
REJT AVAZI2R 0.2, BREIA T35 il e 8 7] 1
AR E AR ek AR RE T AVABIIET 0.5,
PR AT Z A I R BRI E R, T kEliARE )
SI 240 1 v S R NG RN E it BN 1 S W 7 N
AETT AVA T 0.682, AR AE BT 25 200 B K 4e
BRI TIRCRA ., ARG AR T b7 Bkak
PRI Bz, BRIGIEOR RS, fEAEY A
TS5 Y AR 45 TS B SCHEE . 4 BRAHL
AT EA M ER T, WA ERER A9 5 1
PRALTMRIE

R A s SR A A A BRI R
995 SR A P A R S T TR BT I R A B 2R 1
M2 —, TEAEYPHAHT A EENE L, A5
Itk SHT-15 3 ZHAbFRMEACRTC 22 50k, Uil
SHT-15 A (30 3G v] RSS2 KB T2 AN ik
EIH AR T I A A, B
AW A R — R
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