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Screening of the pathogenic bacteria with siderophore-producing activity and
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Abstract Most pathogenic microorganisms have the function of secreting siderophore, and the competition
between sorghum siderophore and pathogens against Fe*" can be used to effectively prevent and control diseases.
The dominant strains producing high-yield siderophore were screened from plant pathogens, and based on the
strong chelating property of EDTA to iron, it could provide a new method for the control of plant diseases. In this
study, we qualitatively and quantitatively screen the pathogenic strains of different host plants and preliminarily
identified the siderophore types by using the CAS method and light absorption method. Meanwhile, the biological
identification of the dominant strains was performed by using the electron microscopy and 16S rDNA sequence.
The minimum inhibitory concentration of EDTA against dominant strains was determined based on the microdilu-
tion method. The results showed that there were 7 strains that were identified as high siderophore-producing domi-

nant strains from the test bacteria through qualitative and quantitative screening, and the types of secretory sid-
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erophore were catecholates and hydroxamates. Base on the morphological characteristics and molecular identifica-

tion, the strains TZT-057 and TZT-058 shared similarity with Pseudomonas putida ; the strains TZT-059, TZT-

063 and TZT-064 were very similar to Klebsiella pneumoniae ; the strain TZT-062 was analogous to Acinetobacter

Iwoffii , and strain TZT-073 resembled Dickeya zeae. According to the microbial dilution assay, EDTA had better

antibacterial activity against strains TZT-058 and TZT-073, and the inhibition rates were 85.16% and 80.08% ,

respectively. The results suggested that EDTA could effectively affect the uptake process of iron by pathogenic

bacteria, and affect its growth and reproduction.
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R 5 ARARANE W) A ) i 9 A 7 FIAR bR R Gt
PRI BRI 520, A3 7 ey S AP B 1Y) 38 PR 5%
VZWMAY A B EGr—K5 Fe' HExk
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BRAAAR LS & 1 AR 9 50 PR 85 b oK 2 ME I
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IR rhoii It B T A B B 5 o T AR L B0 g L 3
SRAEREBLHE

KT EREAA P AR 1950 411 5 LA i
FRYEER AT B A A H O 2548 17 Z 880, v] 43 L
ZX Y (catecholates) | 5 #4215 iR ! (hydroxamates)
FIFRFREL I (carboxylates) ™, AR%E T HAth i A=
WA 10 O TR 006 DL 11 0 0 A 28 Ak ) F 5
WA H R, A AR B A AR T (plant
growth-promoting rhizobacteria, PGPR) . FH¥) N 4
B (endophyte) SE AR W) b gk s A ) F 5 e 2, HL

screening and identification;

EDTA

E BN BRI E A S B R IR T
A AE D ST S WA R A R B9 H I A AR Y
WREL V>, & I 2 1R (ethylenediaminetet-
raacetic acid, EDTA) J&—Fp i 2R E 5 7). iE S
WEE e & R oo R A U R SRR iR e
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Table 1 The summary of test strains

e WM TR || b wEHMD B
Strain code Host Disease site Strain code Host Disease site
TZT-021 =+ Panax notoginseng HRER TZT-100 L —8HE P. polyphylla Z=FF
TZT-056 Lt —84E Paris polyphylla EYis TZT-103 L M—8HE P. polyphylla =T
TZT-057 LM—8i4k P. polyphylla ZFF TZT-104 EENE Polygonatum kingianum M=
TZT-058 LM—8i4k P. polyphylla Z=FF TZT-105 HEKNG P. kingianum M=
TZT-059 A Musa nana HH TZT-106 Fhih Lycopersicon esculentum s
TZT-060 FHHE M. nana =FF TZT-107 B Capsicum annuum Z=FF
TZT-061 FHE M. nana i TZT-108 =t P. notoginseng eV
TZT-062 +LM—8i4E P. polyphylla =FF TZT-109 F K Zea mays M H
TZT-063 HH M. nana A TZT-110 HIEKG P. kingianum A
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ZE3R 1 Table 1(Continued)
FitkG S GEL)] R AR AL Wk S A FAEY) RIRHEBAL
Strain code Host Disease site Strain code Host Disease site
TZT-065 JE2E Amorphophallus rivieri ZFF TZT-112 H M Bletilla striata HH
TZT-066 TH M. nana 25T TZT-113 IKFG O. sativa HH
TZT-073 LM—# 4k P. polyphylla = TZT-114 ¥4 Citrus limon B
TZT-092 HHEL Nicotiana tabacum =FF TZT-115 LAABE S ruberosum M=
TZT-093 IKFG Oryza sativa HH TZT-116 B2 Codonopsis convolvulacea =FF
TZT-094 LA BE Solanum tuberosum ek TZT-117 ¥+2 C. convolvulacea H
TZT-095 JKFE O. sativa ZEFF TZT-118 Lit—k51E P. polyphylla 2
TZT-096 F13% Brassica pekinensis M- A TZT-119 HHE N. tabacum M- H
TZT-097 JKAG O. sativa - F TZT-120 2t Vicia faba -
TZT-098 L M—# 4k P. polyphylla =FF TZT-121 £ Gentiana macrophylla ez
‘TZT-099 L M—# 46 P. polyphylla =FF TZT-122 M9 Angelica sinensis ek

1.2 #HiXisRRIEFRENGF

CAS F:%% . FREX 0. 060 5 g §% K7 S(chromea-
zurol S, CASYEF 50 mL 5 F /K I A 10 mL
FeCl; 7 W (1 mmol/L FeCly « 6H,O -+ 10 mmol/L
HCDHFHE ST ARIC A W s PRI 0. 072 9 g +
FNhe ks = R R b 4% (hexadecyl trimethyl ammoni-
um bromide, HDTMA) T 40 mL £ BT /K,Fric
HEB W R # A WS B B W JF 1R
¥i5y.

TTC RAAFRRHIA - ARIC L 0 g AL =F KM
A Mk (triphenyltetrazolium chloride, TTC) & T
10 mLZ BTk, 0. 22 pm TG 8 M 08 5 4%
ATCH EP F i RfE4 . 4538 0. 1 g/mL B TLCH
TTC W

EDTA 25 1) i %5 : FREC 40 mg EDTA i T
2 mLEEF/K I H 0. 22 pm JC R I8 R U8 )5
ATEH EP & R fr 4 L 743 20 mg/mL /Y JCTH
DB

BEERER S vh R B BC il < 8 847 mL 0. 1 pmol/L
(1) Hs COOH M A BN A 3Fm 0. 1 pmol /L
f) CH;COONa . EARZ 1 000 mL, 55 S ZEYR
YIRS,

PR R T B IR A A JC R AR T TEA U
PRARHRININA 2 mL Jo i 2 8 7K IF RIBOAE &
ATCH EP & PR A7 28 s — i B 1 T8
WIRE N INATC I 258 /KM R SR FHZZ IR i
D5 B DR R ODsgos o (4 8 S5 O RFIIE ODgos AT
0. 098 0~0. 220 9 ZJd],

oA TR A B TRk - 40 30. 0 g/ LGSR A

2.0 g/L.=IKEBRE 1.0 g/LEb# 0.5 g/L. k&
IKEBRIREE 0. 5 g/ L 8- FLFLMEMR 0. 75 g/L. LB+
K 1.0 L,

LB AR S 57 5« I PR 5. 0 g/ L4k
B410.0 g/LEHEM 10. 0 g/ L 8- ¥ 5EwEmk 0. 75 g/1,
FBFK 1.0 L, pH [ 8K CRE A A4 17 35 55 55 45 in B
f5,15~20 g/L).,

TTCLB J A 5755 : 40 mL 5 RLICH LB R
BrFFEmA 2.0 mL 0. 1g/mL TTC %K, 18515
HERAEEEH .

1.3 SupBSkHETERHEEYGNEE ST

M LB A ARk s 77 3 3 A 0 20 A b Pk
WK 2 LB LR AR G R N R R bR 3 1
BELVET 28°CHUEY AN 2~3 d, 4K
PR BEFR3EZ2 10 H BUVE P  WI 50 L R G R TR
T 96 LA A SERFR CAS Kl 78531857, LA
TN EDTA B (5 CAS I S 21680 2
PR T BR L RAZEFP A3 IR S CAS Rl ik S5 AR B
GAE R EIEXT BROUEEIFIC SR B (A8 21 8 RS 21
(Y35 TR FTH5 AT L BRRRAE S 52 0 TR A

WU A 3 %) TR PR ] 0 Bk A QO A 85 3R 0 T
28°C 150 r/min HEIRIRE (B5 . HS-200B) |37
48 h, B FREE R IE R E 2~5 mL REFRIGH 0. 22 pm G
PRI I8 S5 I A SE AR B CAS Kol i, # & 1 b5
FHA I KB AR (-5 Multiska GO) il & 3£ ODgy,
GRS As™) AR [R] 5 12500 2 o 22 TR 1 1A 5 77 0
1) ODsso fE RS B GEAE“Ar™) o IR B
EREAATE 4 BAf3f (siderophore unit, SU)FEx,SU=
[(Ar—As)/Ar]X100% . il &\ & 3 K. BOF-H(H
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PEET ELBEATHT
1.4 EREREBEENLZEEHRNTEE
1.4.1 REF®BRASHHKE

Fe AL B 122 (FeCly test) %5 1 mL #5
FEUE N 1 mL 2% FeCl, ¥, 1 BRLT {6 5% 42
R S AR EIAY . TS5t
FETHREIN , 7E 420~450 nm 2 1] H 30 0 HAg e D) 158, A
AR SN R Ik A
1.4.2 LA A 4 H K

R AR I %58 - 1 mL B53R08 0 HmA
1 mL 2% FeCls ¥ AN e RBE TG L an SR
FE 495 nm [ B4 D 38 BR S A 0 Dl LS 19
RIBRERAA.
1.4.3 %2BAS%HE

RS 1 mIEEFRIER P INA 1 mL
0. 25 pmol /L CuSO, %A 2 mL pHA. 0 (4§ ER L 2%
PR FER AT HEIE AN, #E 190~280 nm 2 [A]
H SR AT ) 156 B 15 ) Sk FR TR Bk AR
1.5 T #k 16S rDNA &5 7 5 5t R & & 7

RHEEMEE

Ay IRV M= A B EE R Y 16S rDNA 47383
FPZ BT . P4 R4 BLAST
Z& (https: // blast. ncbi. nlm. nih. gov/Blast. cgi) J5
5 GenBank 4 2 v AH OC i g ) 2 K 7 4 26 47 L
BT » o8 P TR) U P A s P B X R AR P B S 2 b
X%, H Clustal X 1. 8 #4347 Z 751 LU X, 1155
HERFE RS S ARSI . RS AT T
B HERR R SE B2 A A5 SR 2821 (neighbor-joining
analysis) | MEGA 7 @ it Btk 5 S LR Z
R RGELEW ., Hr, Bootstrap {HIE A 1 000,
HARPBPNERINME . oy W R A L VR L
i BER S R E Y k.
1.6 EDTA Xf43 b BYERERA 7= £ H A K220
1L6.1 & Mmil

SR PR B vk AT o A I A R MR 45 3 A
HE . SrHIHE 96 FLAR BN 100 pL o TTC-LB
WA B 55 3 s A1~ A12 38y B I 3
100 pLJCH TTC-LB ¥ AR Kx 57 56 AN U8 0 B 200
Bl~B12 #% & R A K B 3 100 L JG§ TTC-
LB AR FRHEA 100 pL WA 78 C1.D1,E1 1L

PIIA 100 pL 20 mg/mL FJGH EDTA 253, 3k
FAfE B B ekt EDTA 25 77 B, 5 i
Ji—FL WBHZ =20 FL P EDTA [ BE M AE A4 1K
WA :10,5,2. 5eeeeee 0. 156 25 mg/mlL, 1M 5 & fLH
T 100 (oL H5 BELT A T 220 S BT B L 1 24 vk 3
MAEFAEARIR A 05,2, 5.1, 250w+ 0.078 1 mg/mL;
B 96 FLBUBA 30°CH L 1E FR A 15 5% 16 h. E 0
e AL B AR 1L
1.6.2 EEMN=E

SR PR B L R A7 o 1L, RE R R4S 3 T
5o JTE 96 FLARN TSN 100 L JCIE LB R K;
FRHE s AL~A12 BEE N I I, HEshn 100 L J6
LB AR S IR 5 AR IR B B1~B12 % &
AR B TR 100 pL JC R LB R A 8 3R A R
100 p LB B W 78 C1.D1LEL L A 100 pL
20 mg/mLAYJCH EDTA 253 . 3%} EDTA 244 it
IR B 5 G —fL JUAHZ = 5L BE N A2
FEATRIR HF7:10.5,2. 5++++++0. 156 25 mg/mL, [fii J5 T
T 100 L 5 T8 407 10 TRT A2 Y LG ) L ) 2 80
ZEFNAMRIR K :5.2. 5.1, 25+++++-0. 078 1 mg/mL; ¥}
96 FLABA 30°CHEIR B FRAREE TR 16 h MlE Btk
() ODygso » FHARIE 2 318 EDTA X2 5 i 1 410
PR, M R P 2 A WO B S A K IR
DA K FLAE T Z W AS T o AN AR % B 4 i)
FEH IR O BE (B A AT 30 2t R, R A
.

il R = (A= K0 B2 W 24 i AL
BE) /AR BRI G < 100 %,

2 #BRESW

2.1 SpBRBEFEFRNERVIFHEES R

ARG CAS Rl BURs ARG AR A 42 ARl
AR PR e 18 Mo B AR A 40 e
A 13 ML AL, 5 bR 560 (3R 2) , TR A]
Rk 18 BREAM AR S0t HAR AR . MR 3 18 ARIZ 0
PR PRI TR CAS IR & )5 B A8 16 19 TR
Al . B Bk TZT-057, TZT-058, TZT-059, TZT-
062, TZT-063,TZT-064 1 TZT-073 5 CAS il
TR0 A SO i AR ST o S S A 2T L T i
BRAUAR TG P de s . PRTITIX 7 RS2 077 B ARAE O i 2
MR .
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Table 2 The re-screening results of siderophore by using 96-well plate

96 fLAR RS CAS Jz i B e, 96 fLik WtkGn S CAS J )i B4,
96-well plate Strain code The color of CAS reaction 96-well plate Strain code The color of CAS reaction
E3 TZT-021 e F6 TZT-064 FAREN
E4 TZT-056 AR E) F7 TZT-065 L ANEN
E5 TZT-057 211 F8 TZT-066 40,
E6 TZT-058 AR G3 TZT-073 a1
E7 TZT-059 PAR N G4 TZT-092 AR
E8 TZT-060 [ AR E) G5 TZT-098 L EAREN
F3 TZT-061 e qa, G6 TZT-107 L EANGEN
F4 TZT-062 FAREEN G7 TZT-113 )
F5 TZT-063 AN ) G8 TZT-121 s,

1) 96 LB E1.F1.G1 #$ EDTA+CAS i (CAS A8 SR RAL ) s E2.F2 G2 %3 CAS 25 A .
In the 96-well plate, the samples E1, F1 and G1 are added with the solution EDTA+CAS (The CAS reaction is red); E2, F2 and G2 are

added with CAS control solution.

NS 3 Fron . SR e A 7 RO R R IL As/
Ar B/NTF 0.5, HAR BT 1R 547 (SUD KT

50. 096 RUIFTILRY 7 BROUH BRIy i 7= k2 i
(L7 8

®3 RBERS DK ESEN

Table 3 Quantitative test of siderophore produced by positive bacterial strains

R oo A BRIREE %
Strain Siderophore activity unit

CK(Ar) 1. 159 — —
TZT-057 (As) (0. 46240. 023)d (0. 400=£0. 020)c (60. 140£3. 007)ab
TZT-058 (As) (0. 44840. 022)d (0. 390£0. 020) ¢ (61.350£3.068)a
TZT-059 (As) (0. 53140. 027)ab (0. 460£0. 023)ab (54.190+2. 710)cd
TZT-062 (As) (0. 57340. 029)a (0. 49040. 025)a (50. 560+2. 528)d
TZT-063 (As) (0. 51840. 026) be (0. 45040. 023)ab (55. 310+2. 766) bed
TZT-064 (As) (0. 526 40. 026) be (0. 45040. 023)ab (54. 620+2. 731 cd
TZT-073 (As) (0. 48240. 024)cd (0. 42040. 021) be (58.410+2. 921)abc

1) R BE NI T hRsEE . R —F ARG FREIRZ Duncan FOBTAZ IR 22 R 30 22 5 B 35 (P<<0. 05) .

The data are means#SD. The different lowercase letters in the same column indicate significant difference by using Duncan’s new multiple

range test (P<C0. 05).

2.2 EMEKREHERENEE

W 4 Ff 2, E Ak TZT-059, TZT-062. TZT-
063.TZT-064 feA /i JLAS I Uk 2 AR Fn S 2
R ik 2 1A , H Bk TZT-057, TZT-058 fi1 TZT-073
HAEA B ILA By Tk 3 1
2.3 NBRHEETFERNSTEYFELERE
2.3.1 HEH I6SIDNA FH T ERBRREKE

B oA o Ay 2

FERIHTE 25 % 2 i mll R 16S rDNA 7
51 PCR ¢ 3438 FH 5 | 9 0F — 28 X i e B0 0 7 Ak 7=
BREAR B A R 1T B AR T 511 PCR 3734 )y .
D745 5AE GenBank B8 2 EATAH DI 38 2 L O
5 TR R A v 1) LR R o R e B 2R A TR R T L
BF A PR 1) 2B 2 oy Ao

R4 SBREHUZEHEEY

Table 4 Chemical structure identification of siderophores

AACAGTI Vi pliviii R
) FeCl; test Spectrophotometric test
LR REEMAN RN
Strain {H7E 495 nm  H7E 420~450 nm 7 190~280 nm
code Peak of Peak of Peak of carboxylate
catecholate type hydroxamate type type at
at 495 nm at 420—450 nm 190—280 nm
TZT-057 + — —
TZT-058 + — —
TZT-059 I I —
TZT-062 = == —
TZT-063 4 i -
TZT-064 aF 4 —
TZT-073 + — —
1)+« B CIG s — « R B Wi
-+ Indicates absorption peak; —: Indicates no absorption

peak.
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THFELE TR Rk TZT-059 G555 MH022846)
TZT-063 (& 5% 5. MH930397) il TZT-064 (& 5%
2. MH930398) f#5 16S rDNA %t B H Bt 4> %l
1 439.1 4411 445 bp, HH ., E#k TZT-059 Flfifi %
TEAKE K. pneumoniae & 535 : MF767577) 1Y
FHRNEE 3B 99. 7300, TZT-063 Flifi & 5 B 111 [ B
K. pneumoniae (& 3 5. KJ803926) ¥y 45 8L 14 &
99. 86 %, TZT-064 Ffiti & v F AR K. pneumon-
iae (B 55 . KU937377) AR I 99. 85 %0 , B b
VF) 357 EL A A o T

WE 1 R, kk TZT-057 G555 MH922842) |
TZT-058 (& 5% 2, MH922845) . TZT-062 (% 5% 2.
MH930396) Fl TZT-073 (% & 5. MH820116) 1y
16S tDNA [ H- BS540 3150 1 397.1 398.1 401 bp
Fi11 351 bp, K BLAST #& 5 GenBank ¥4 %

HOBGR P A ELT SRR TEANME B 18 RRbR o R Ak
(type culture straim)fE N2 L H bk, #:1T Clustal W
ZHE WX IR R TN . Btk TZT-057,
TZT-058 Fil P. putida (% 3% : NR114479) [i] L A
RS I 25 4 S 0 R0 8 A
NG N P LN P T Y
B P. putida, Bk TZT-062 Fl A. lwof fii (&
5 :NRO26209) [ #H L1 5 99. 76 20, B bk ]
A7 AR T 2 M T By T B 4
I B SRR RS R R & R A3
FFH A lwoffii, Btk TZT-073 Fl D. zeae (& 5
5 NRO41923) ) M {01 15 99. 81%, T bk ] A
WG L )2 5 A TE B Ly ST R
FF B ST AR BR S ER 1 50 S B Dick-

eya zeae,

99 |Pseudomonas putida ATCC 12633

100

Pseudomonas putida NBRC 14164

¢ TZT-057(MH922842)

’TZT-OSS(MH922845)

Pseudomonas parafulva NBRC 16636
Pseudomonas chloritidismutans AW-1

‘Pseudomonas knackmussii B13

Pseudomonas oleovorans ATCC 8062

99  Pseudomonas toyotomiensis HT-3
Pseudomonas argentinensis CHO1
82 Pseudomonas flavescens NBRC 103044

Acinetobacter guillouiae ATCC 11171

100 LrAcinetobacter Jjunii ATCC 17908
100 [ Acinetobacter Iwoffii DSM 2403
82 € TZT-062 (MH930396)
43 Acinetobacter vivianii NIPH 2168
47 Acinetobacter baumannii ATCC 19606
_&E Dickeya fangzhongdai JS5
Dickeya solani NCPPB 4479
Dickeya paradisiaca LMG 2542
Erwinia chrysanthemi ATCC 11663
42 Dickeya dadantii CFBP 2051
9 Dickeya aquatica NCPPB 4580
L ” TZT-073(MH820116)
0.01 g2 Dickeya zeae CFBP 2052

RERE AR ASEIEME, HRECH1 0000 R R _EMBUERS HRBITIRE. BANERETETESHHETRE GenBank Hri
16S DNAZEFHFFIEFRS. NBRC: HABAFMHIZR LSS L, ATCC: REMAIEMRE P L; DSM: B EG AR RO
NCPPB: 3& [ [ SAH A HE 5 40 3 SR 0 LMG: He AR R 223 AR W 923 %85 CFBP: 3% AR 405 v O R DR e 0

The rooted tree is constructed by using neighbor-joining method with bootstrap values calculated from 1 000 resampling. The number at each node
indicates the percentage of bootstrap supporting. The numbers in the brackets after each strain name are 16S rDNA gene sequence accession numbers in
GenBank. NBRC: NITE Biological Resource Center, Japan; ATCC: American Type Culture Collection, USA; DSM: Deutsche Sammlung von
Mikroorganismen und Zellkulturen, Germany; NCPPB: National Collection of Plant Pathogenic Bacteria, UK; LMG: Laboratorium voor Microbiologie,
Universiteit Gent, Belgium; CFBP: Collection Francaise des Bacteries Phytopathogenes, France

B 1 E#k TZT-057 . TZT-058 . TZT-062 1 TZT-073 EF 16S rDNA EEF BN RESEE B R
Fig. 1 Phylogenetic tree of strains TZT-057, TZT-058, TZT-062 and TZT-073 based on 16S rDNA sequences

HA A, s A fH HLA 1 2200 B 2R B 6 5 TR AR
TZT-058 HRFFARE K 2. 26 pams 55 0. 71 om,
T B 02 240 6 TR T o AR LA R 22 4R
FAAEBIEE s TRAR TZT-062 5 BIBOIR , S SURE B AR

Acinetobacter calcoaceticus ATCC 23055
63’—‘ EAcinetobacter pittii strain LMG 1035

100

2.3.2 putAHKBEEKEAEFEELS LG NE

A RR PR R B R L R R B O 21 000
FEIGHIEAZ LA 2 FiR, Bk TZT-057 R
AREABRE , FA% 0. 63~0. 75 pm, R TG — 240
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0. 86~0. 88 o, BRI IR K 1f1 JC TR B » T i 5 22 % 1 114
B s WAk TZT-073 I RAPIRE . K 2. 14 pm,
i 0. 84y, BRI BF A — 2 4006 B T 6 » D
AL HAR M ZZIRHEE

a: TZT-057; b: TZT-058; ¢: TZT-062; d: TZT-073+ ##R.=500 nm
a: TZT-057; b: TZT-058; ¢: TZT-062; d: TZT-073. Scale=500 nm

2 ARMBEREERSUE (BAEE 21 000 £%)

Fig. 2 Morphological observation of four dominant strains

by electron microscopy (magnification is 21 000 times)
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