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BRI, amoHHE R S Ak BE A B2 P 45 14 1 4k 4
Y Bk e RO R B A, W A
SERE 1) L F R R R g i B 75 B AE D6 g . AR
FEH S HRT-PCRYIA | famoAd. amoE, VL JK
amoF 3 [RITE & PR ER 24 T 1 3% K F, FEA
FH fil & PCRORI 225 [A] [R] 5 25 20 i 2, DL 5 1 Jooh
PREV12 B AR Ky E B PR Gk Mk AamoA . AamoEH
AamoF, HiiNIX34 85 I 7E WG 7K P o Bk B AR &
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1.1 ERKERRA
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6 7 7 B it P b o B AR, RE R
KPR 1); KA ES17-1Apir & pRE112J5 R4
e [ o 22 5 K A AR W 9 B A e s e
12 ExRE

TSBR; 7R3k, 10xMMOE; 723 FICMOE, 75 4t .
10xMMO 5% 7% 3 F1CM 9 85 7% JE il 4 5k F -
10xMMO9%; ## 3£ KH,PO, 3 g. NaCl 5 g. NH,CI
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Tab. 1 Strains and plasmids used in this study

AR A BORE

-/ o 753 VA N )
AP BESAE  BCRReRR
. Feature or function Reference or source
plasmid
A. hydrophila
WT A. hydrophila ALNC202
wild-type Our laboratory
AamoA A. hydrophila AamoA This study
AamoE A. hydrophila AamoE This study
AamoF A. hydrophila AamoF This study
E. coli DH5a Comgetent E. coli for TaKaRa
plasmid transformation
E. coli S17-1Apir  E. co]z S17-1pir f(?r Xie Hai-xia
plasmid transformation
PRE112 suicide plasmid Xie Hai-xia
pRE112+AamoA  Recombinant plasmid This study
pRE112+AamoE  Recombinant plasmid This study
pRE112+AamoF  Recombinant plasmid This study

10 g ddH,0 100 mL, 121°C /& & K §20min; CM9
R 773k Na,HPO, 6 g. KH,PO, 3 g. NaCl 0.5 g.
NH,Cl 1 g. ddH,0 1000 mL. i#7pH=7.4. 121°C
1o K B 20min, R AR YA E G I\ BL R TE B
YIi: 20%% & # 10 mL. 1 mol/L MgSO, 2 mL.
1 mol/L CaCl, 0.1 mL. 10% 28 /K i i 25 (20 mL .
1.3 FEIRFIRINEE

DNA Marker# H A6 52BN AV AR A R
NHE], 2xTag MasterMixV 5 AL 5 N H 28 AR
A PRA w]; 20w e RS2 R & ook B Bt 7
T OMEGA X Al; 41 B RNATE B 77 &8 5
QIAGEN &, — 5k 7o 4% v B 157 &30 1 7 L i
WMEBE AL VIR R w5 BR 1 A 1) W H Fer-
mentas’A 7 ; PrimeSTAR Max DNA Polymerase. %
e & [ K% TaKaRaA ) REHE . AE R
AN HHERMWHESigmas A . PCRIUE T Thermo
oAl A% PR LKA T Bio-Rad A A .
14 SIYIMEITSEK

KR AW A Primer 5.0 1 52 6 58 0% 58 &
PCR 5| W% (3 2) F kL) 2 525 R sl 2Rk BT FH 51 40 %
(32 3), 1 AL s RN A MR A R A A
B
15 #AEEE. KEkEHETamod. amoE. amoF%
R 4% F K F AN

IR 7K B M B ALNC202 %I 26 5 A T TSA AR,
28°CHEFRIE R . PR TR 75 23 0 # P T TSBES 75 5
MCMOFE IR %L, #£28°C . 180 r/minZkfh FH; 7 &
STEH . 2 IR QIAGEN RNA$2 B 771 & i B i
FEABRNA, 1%35 I &8I F vk R I RN AT &,
B 439 6 E T NanoDrop20003] 'E RNAJK [ . HY
1 pg RNAZHAT 5%, BARD RS2 30 & i B
4, [ 5% 5 IcDNA T—20 C 117 % H .

We B FS 8 £IL 1 16S rRNAFE K {E N 5, RT-
PCR#MamoA. amoE. amoFF}:FTEE B ALk

*T 2 SERTRHEEEPCRS|4)

Tab.2 Primers used in Real-time quantitative PCR

AR Gkl AL
Primer Primer sequence (5'—3') Length (bp)
QAMA-F ACTACCCCTATGCCACCCG 19
QAMA-R GTCGTGCCAGTCGTCATCG 19
QAME-F CGCCGCTTCAGTTATCGTG 19
QAME-R CAGGGCGAAGAACACCAGA 19
QAMF-F  CCCCTTCAACTTCGATGCC 19
QAMF-R  GACACCACCCACTCGTTCC 19
16s-F CAACCCCTGTCCTTTGTT 18
16s-R TTTGGGATTCGCTCACTA 18
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Tab. 3 The primers used to construct the gene deletion mutant strain

Length
(bp)

43

ElEZEZR S ElEzE2 ]

Primer Primer sequence (5'—3’)

AMA-upF-P1 CGATCCCAAGCTTCTICTAGAAC
CGACTATCGCCACTATGACC

AMA-upR-P2 TCAGGCACTCAGGGTGGCTGCT
TGTTGCTCCTTATCCAT

AMA-doF-P3 ATGGATAAGGAGCAACAAGCAG
CCACCCTGAGTGCCTGA

AMA-doR-P4 CATAAAGGTGAATCCCATATGT
CCCTTGACGCGAAAATAGACC

AME-upF-P1 CGATCCCAAGCTTCTICTAGAGC
ACGGATACCCTCTGGCA

AME-upR-P2 GTTTGCTGGCGGCGACAGGAAG
CGGTTGGACT

AME-doF-P3 AGTCCAACCGCTTCCTGTCGCCG
CCAGCAAAC

AME-doR-P4 CATAAAGGTGAATCCCATATGC
GCTGTAACGCCACTTGACC

AMF-upF-P1 CGATCCCAAGCTTCTICTAGAGG
GGTGGCGGACTTCTCC

AMF-upR-P2 TTCGTCCTCGGCAAGCAGAATG
GTCAAGGGGAAGC

AMF-doF-P3 GCTTCCCCTTGACCATTCTGCTT
GCCGAGGACGAA

AMF-doR-P4 CATAAAGGTGAATCCCATATGC
AGTCGTGCCAGTCGTCATCG

39

39

43

40

32

32

41

39

35

35

)

TSI T IR ARSI
Note: Nucleotide sequence underlined represents the
restriction enzyme cutting site

AT RIEE AN

20 uL PCR MAA R 41 F: SYBR Green I Mix
10 uL, b FUF5I%(10 pmol/L)#%0.8 uL, #EHR
¢DNA 1 uL, ddH,0 7.4 uL.

PCRJ B 264 4: 95°C FiAZ 14 2min; 95°C 48 4
10s, 58°CiE +k30s, 72°C ZE{H120s, 39 MG
1.6 ERFREFZTHRMNEESEE

MRAEHOS i M B R R R bk LR
ALNC202 4= R FHADNA N AR, H 51 ¥P1/P2
P3/P4 4438 B 5L . IR RIVERE . m it
APCRITTIE, UL By T UE R EE v, £ F
P1/P4 5|9, filey b R FRIJRE

FABR I PE ] VIEEXba T FINde T KpRE112£6 1
1, KR — 25 J0 8% v B 500 5 U B R R PR AL
pRE112FT KL 5 RlG bR RIJE B g7 8. 7k
AR G0 R : 20 pLR MR R AL 5%CE 11 Buffer 4 pL.
Exnase II 2 uL. Z&4LPRE112 1 pL. @& LR
WeFVEEE 1 L. ddH,0 12 pL. 37°C 41 F M
30min, M 45 G LRI L E B T UK B BCE
10 pLaEH =W A6 2 K B S 17-1hpir/& 52 745
YR, K R R IRATTSA+Cm AR L, Jifi i BH P
T [ S HEAT B TS PCRY&E TE « %578 J 11 B 4 o RL i
6 R AR BR A AT .

45 A A TR R I A R S 17-1ApirfE 9 it
IR, DA K B M ALNC202 N2 AR 3, Bt 5%
AR B 7 2 B TR K AT S17- 1 pirfé
T B K S B EALNC202 1, 227k 6] Y5 5 H 15
FIFERI LR AR . HARERIEIT:

(D3EE . AR S17-1pirFl 3244 H 4LNC202
I3 )55 5% 2 ODggis £)0.5, S17-1ApirFI4LNC202$%
FE2TEL IR SD, BU100 nL 3% % 22 B i [ TSAT
B g, 28°C ¥ E 15 5524h; FIPBSHETSAHR,
0200 pLE 4 A T TSA+Cm+AmPF#y, 28°C 557
24—48h. LIP1/P4A 51 V) v& PCRIT 1k 42 & Bk
hir BT, R B 2H TR O 88 A 3 g /KSR T
4LNC202 FERAH .

Q) IRACHe Je SR RO o IR BUR TN &5 & I
BT, B E 5 mL TSBRAR; 755, 28°Ci &
K Fi24h, AT ZIRASH . SR JE K TR BE AR R IR
i T TSA+Amp+10%EHE TR |, 28 CHE = 2K
AN B VR, BRI o B[RRI 2R M F TSA+Cm+
Amp. TSA+AmpP K-, 28 CH5 7% 24h. k#E N
TETSA+Amp-F M A K 1) 550 B, R &8 T
TSA+Cm R, an#7 A&, AT e 2 548 pk 5l 2
AR B EF AR B AR . CAP1/P4N 5 HIPCRAR I,
R AR TR E )4 TR B v B LR Tl
1.7 RT-PCRXEHFEHRELRT K

RNA 5 cDNAFRI il % 7775 RT-PCRA A
BN B SR 1.5, PCRIN 45 7R ), BUS pLi 1
P21 % 30 HE W 6 L ORI, B A g R gl
SEEERIFIEA . TR AR S 0 1 S A
Kl 5 RAZ Bk AamoAd~ AamoEF AamoF/ANEE 1
H AT AT 2%, T4 3 B AR BRW TSR 2% 71 K /N oy
21164, 14171180 bp.

2 I RPCR. RT-PCRIiidk 21| ) BH M 2 R 5 2k
PRIE AL RN A E ARG B A =7, HiArE
IKR B A Rk AamoA~ AamoEF AamoF T %))
Fe 75 IEH

1.8 HKHEMH
NENRE2,2- B IEE R NEF MR S RTHRTE
CMItEFE PR E K W 7K SR R BT A

PR TEAZ PR R TR R Ze 2P0 T TSAFAR b, 7E28°C1H
BEE AR R TR . PR A T TSBR A
B 28°C . 180 r/min#E IR 1% 9% 26 HU,
PBSPE 3G H &, HEODgN0.5, %R
1:1000(v/v) I bE A B8 VR 2 e T 25 A AN [ ok gk

H702,2-BEIEE FICMORE - 36 /R 28°C . 180 1/
min#® PR 5575 18h, 7E600 nmi K T WG4, 1E N
J& G252 56 2, 2- TN e Vs iR B A4
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MREREZK RSKEFEPHEKSIR
MR b3 75 2% 1 B B A vk AR OD g 0.5, 1%
1:100(v/v) B9 ELAKE F 3R B VR T-50 mLCM9%;
FRFL(2,2-BEMEIE: 50 pmol/L)H, 28°C 180 r/mindfR %
B 9%, MMBEAREINELR, BRI LT
I — VR 1 T B (ODyg), IEZE6h, ic 35 Hdh -
2L ES
1.9 SEMARRM

A )k B A AR A L 7 ik T ) A 2 e o
175028, — Moy N = K3, W 5 f2 i e R Bk 3k
JLZEEY R AR . BRI KRB E . Arnow!"”
TE193 7442 LAy Rk 24 1) AL 77725, Arnow
VRGN AR 1 S0 TR - 2 IR IR B R
e EWITERRYE 24 N 5 W0 B AR R AN VA R &
A DLAE B — PR L e [, HEAES10 nmAbF e K
WA o Bk AR P A IR FH C AS [ 4~ i A
%777t Schwyn ™ 198 74 #2 H, CAS 5256 # 1
R R B B R B SR T B RA T I K
B, PR E e’ NI 45 4 5 % CAS-Fe' -HTDMA
W 2% B RS B S R AR B AR A

ArnowSELS  HEHE .80 5 R R R B A R
AEBRODgoo N0.5, $%1:1000(v/v) I EL 51 $2 Fh T
CMOE; 23 (2,2-BEmEIE: 50 pmol/L), 28°C. 180 1t/
min$E PR £ 7£24h, 4000 r/min 4°C 250> 10min, W HL
IEWH0.22 pm it a8 g AT I8, JET-20°C
VKA ORAT, Arnow S8 2 HE SCHR[ 19177 A8 0

CASE A 4R 46 PR V& B2 P T TSB
WAk REFRHE T 28°C . 180 r/min®® R i i 9%,
HUS pL B AT CAS AR I, 28 C RS 7R M i
BR:FR24h, CAS PR 7k

CAS-HDTMAEECLH]: (1)H06.0 mL-75ke %
= R (HDTMA) (10 mmol/L) A 100 mL
ZEMF; (2) 1.5 mL FeCly (1 mmol/L, 10 mmol/
LERRAE ) AN7.5 mLAS K5V (2 mol/L)iR AT 5
W PIERE N E I (3) 4.307 g o7k W H G i
F30 mL ddH,0, /N0 IIAN6.25 mLiKR 282, FriS i
BN RS B, e R KE AR 2100 mL.

761 LHETEHH MK I ANaOH 6.0 g+ ddH,0
750 mL. PIPES 30.24 g. 10xMM94%47%3£100 mL.
BAE20 g, W pH=6.8, 121°C i Ik K 1 20min, {5775
WA Z50°C L AR N FI B 10%2%
BRK B 85 1130 mL 20%7% & 8510 mL. 1 mol/L
MgCl, 1 mL. 1 mol/L CaCl, 0.1 mL, #RJ5Z& 18 A\
100 mL CAS-HDTMAE TR, V&5 ) 151745
110 HEGIt oM

SEIG 8 B & 38 34 GraphPad Prism 741, K H

XU TH 36 77 1 BV 72 58 N T P<0.05,
" p<0.01,”" P<0.001.

2 HERSHMH

2.1 HEEH. KEEEH Tamod. amoE. amoFE
R %% SRR FAMEE R

Mg 7K S B B ALNC202 4 Jil 7 & 4k 3% 97 5t
TSB J ARk B 77 B CM9 85 77 22 5 400, S B4t i
RNA, il RT-PCREL A MamoAd amoE~ amoF
B RAE B R SRR SR AT NI oK. 1]
SN, TEARERZEME T, amoA~ amoE amoF3E KM &
Z B, S22 R R W amod EFFE N ) 675 %2 38k
IR o
22 EFERKRERETZPCRETE

HZH R TR IE b 5RO AR P R A B
AFFJE, B NCBIFBLAST I fig 75 £k X
INFHNIER TG IR -

gy A E DR BT U RN R P 1/P4, Xt
SRR AT PCREGIE, SEFR v BOR/N 538 K/
FFGr, 45 BRI R B R R R bk Aamod
AamoE. AamoF. AMA-upF-P1/AMA-doR-P4,
AME-upF-P1/AME-doR-P4. AMF-upF-P1/AMF-
doR-P4x} B AF ki DR ZH B AR 3E AT PCRY 4 7 ) K
/NP II1459, 2442, 3806 bp, W £ [ R FE R B 2k
R 2 DR ZH B G2E AT PCRY 34 7= W0 K /N 43 33l 727
837. 783 bp (K 2).
23 ERFRERTIRRT-PCRETE

25 K FIRT-PCRAERNAZK - - 56 11F 5 [K]
KR AamoAd. AamoEF AamoF, FEHIRNA. X
B E RS WX QAMA-F/R. QAME-F/RAI
QAMEF-F/R 73 7] % W 7/ 5 Jf 1 26k [R] e 2 % 48 ok
AamoA. AamoERAamoF5 ¥ ERWTE#ATPCRY”

1800
— TSB |&|

1400 | == CM9 %
1000

i s

=]

=]
I 'z
X 5600 | rex N\
1 RN
2w

8

5+
0 L —1 —1 )

amoA amoE amoF'

B 1 amoA. amoE. amoFZKiLEA AL
Fig. 1 amoA, amoE, amoF gene expression level
RN ) 2 AR, P<0.001
*** indicated extremely significant difference between the groups,
P<0.001
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W, gh BB R RAamod. AamoEM AamoF)
RYHE W 25T, TN B AR B ARS8 4 0 45 164
141 A1180 bp K/ k77 . RT-PCREZE JLidk—BAlE
S HE R B O Ak AamoA . AamoEFI AamoF ¥
B (& 3).

24 FEAKEESNE

PNEIKRE2,2-BXALE/E A T EF A HR SR THRTE
CMIEAREPREKSILE BRI RETE
PR 5 RAZ IR 73 A2, 2- BRI BE 24 W FE 50, 75,
100 pmol/LFJCM9#: 721 572 18h /5, MI600 nm
BT RO B R 4).

EARNFWRET, BAEKRE RLHAamod .
AamoER AamoF =K IAFE B E 2 R . 242,2-
IR N g 29K B2 N 50 pmol/LIN, R AamoA
AamoEF AamoFFHEET-Wg 7K 5 B TR B AE RW T AR
K218, I E KT 75 umol/LET, Ak Aamod -
AamoER AamoF 3 AT 1EAEK . DIASSZEG K,
J& 8556 HR 2, 2- BRI BE 249 FE 352950 pmol/Lo

MEEZK, RSEFEPHEKSIT
WE 7K H R B AR R S SRR A A E R R

bp M 1 2 3 4 5 6 7 8 9 10 11 12

K2 FEREEkAamod. AamoE. AamoF T %PCRY E

Fig. 2 PCR identification of gene deletion strains AamoA, AamoE
and AamoF
1—4. 5| ¥)AMA-upF-PI/AMA-doR-P4; 1. 2. BFAEKEWT; 3. 4.
I [R B Rk Aamod; 5—S8. 51 #AME-upF-P1/AME-doR-P4;
5. 6. FAKRWT; 7. 8. FEFEHERAEMAamoE; 9—12. 51
AMF-upF-P1/AMF-doR-P4; 9. 10. B AEREWT; 11, 12. FE[KEL
2K G ¥k AamoF; M. DNA Marker (DL 5000)
1—4. primer AMA-upF-P1/AMA-doR-P4; 1, 2. The wild-type
strain; 3, 4. The mutant strain AamoA; 5—38. primer AME-upF-
P1/AME-doR-P4; 5, 6. The wild-type strain; 7, 8. The mutant
strain AamoE; 9—12. primer AMF-upF-P1/AMF-doR-P4; 9, 10.
The wild-type strain; 11, 12. The mutant strain AamoF; M. DNA
Marker (DL 5000)

FETSBHMK Bk 55 7R FECMO(2,2- BRI WE 249K 5
50 pmol/L) 115 77 6h, B:FE 1Th7E K K600 nm il
KAl . g5 RWT, ETSBE AL B 2 0), B AR bk
WT5 Rk AamoA. AamoEF AamoF LK% 7
(P>0.05, K] 4A). 1 HHCMO(2,2-BX L e 29Kk FE N
50 umol/L)35 77 55 7R 1, B AE R WT 5 A7 #k
AamoA~ AamoEFMAamoF KL GFHEEEMER
(P<0.05), RAEEAamoA AamoEF AamoF 2 [A]4
KA 3 1 22 7:(P>0.05, 14 4B).
2.5  SREARRVIET

ArnowsLLG R T B A bR S A Rk
WIRE N ER, K AmowiE TR . B 4E b
WTAER K510 nm IR G H0.142£0.03, ALK
AamoA790.006+0.008, Ak AamoE90.277+0.013,
RAFVRAamoF 790.279+0.019. BFAERRWT 5 45 bk
AamoA~ AamoEFAamoFFAENIEE 5. AamoA
AT B AE MR W T B 2 PR, AamoER AamoF A
BT B AEMRWTHRE % 7T w8 5).

CAS[EMAF 1R L 16 N T B AR R
RRER B S GO, K F CASIE 4Pt 72347
Rl BFARRWTIE 0 3 (0 52 e B AR 9 (12.907+

M 1 2 3 4 5 6 7 8 9 10 11 12

bp
250 —»|
100 —»

K3 Rk Aamod. AamoE. AamoF RT-PCR%: 2
Fig. 3 RT-PCR identification of gene deletion strains AamoA,
AamoE and AamoF
1—4. 5| ¥IQAMA-F/R; 1. 2. ¥FAERRKWT; 3. 4. FERI B AL 28k
Aamod; 5—8. FIMIQAME-F/R; 5. 6. BfARkWT; 7. 8. FE[HI
KR AamoE; 9—12. 5| ¥JQAMF-F/R; 9. 10. BfEHEWT;
11, 12, FER K RA Bk AamoF; M. DNA Marker (DL 2000)
1—4. primer QAMA-F/R; 1, 2. The wild-type strain; 3, 4. The
mutant strain AamoA; 5—S8. primer QAME-F/R; 5, 6. The wild-
type strain; 7, 8. The mutant strain AamoE; 9—12. primer QAMEF-
F/R; 9, 10. The wild-type strain; 11, 12. The mutant strain AamoF;
M. DNA Marker (DL 2000)

R4 WEREFEIREL2-HMIE THEKIE

Tab.4 Growth experiment of bacteria under 2,2-dipyridine at different concentrations

¥ & Concentration (umol/L) WT AamoA AamoE AamoF
50 1.495+0.001 0.964+0.060" 0.869+0.108"" 0.847+0.110""
75 0.947+0.015 0.024+0.011"" 0.034+0.012"" 0.028+0.009"
100 0.2840.064 0.000"" 0.000"" 0.000""

VR FeRoR S H 2 I E T2, P<0.001

Note: *** indicated extremely significant difference between the groups, P<0.001
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2.0 A WT 1.2 B W

. el .

15| xQamod 09 + Namod
. -« Admo. . AamoE

- AamoF

£1.0 206 *Aamol
< <
0.5 0.3
0 1 2 3 4 5 6 0 1 2 3 4 5 6
it a] Time (h) it ] Time (h)

4 ZHHEAETSB (A)FICMO (B)&s 77 o i 4 K sy
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ROLE OF AMOA, AMOE, AND AMOF PROTEINS FOR SIDEROPHORE
SYNTHESIS OF AEROMONAS HYDROPHILA

FENG Yu-Qing"’, ZHANG Qian-Qian', ZHANG Jin-Yong', ZHANG Lan-Li"*, MA Li-Na’, FENG Dong-Yue",
WU Zhen-Bing"’, HAO Jing-Wen" >, WANG Shu-Yi"” and LI Ai-Hua'
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan

430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Jilin University School of Pharmaceutical
Sciences, Changchun 130000, China; 4. National Aquaculture Technology Extension Station, Beijing 100125, China)

Abstract: Siderophore is considered as one of the virulence factors of Aeromonas hydrophila and is encoded by seven
genes of amoCEBFAGH. AmoCGH have been confirmed to be involved in the synthesis of siderophore in previous
studies. RT-PCR assay indicated that the expression of amoAEF genes were regulated by iron. In order to further ex-
plore the function of genes amoAEF, in this study, we used the suicide plasmid PRE112 to construct gene deletion
mutant strains AamoA, AamoE and AamoF based on the infusion PCR and gene homologous recombination principle.
The detection of the siderophore synthesis in the wild strains and mutant strains were performed using CAS plate test
and arnow test. The results showed that Aeromonas hydrophila AamoA, AamoE and AamoF were successfully con-
structed. The growth of wild strain, AamoA, AamoE and AamoF had no significant difference in iron-riched medium,
while in iron-depleted medium, the growth and siderophore synthesis capacity of AamoA, AamoE and AamoF were sig-
nificantly lower than that of the wild strain. The results suggested that amoA, amoE and amoF are the critical synthesis
genes of siderophore, and the growth of the deletion mutants were inhibited under low iron conditions.

Key words: Aeromonas hydrophila; Siderophore; Gene knockout



