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B TR TN aguAd JEIN S He S LM A B aguA SEDR TSR )5 AT HO AR (S50 e A QU R ad A
R iid qRT-PCR JE—2P 50 UE R B 10 A ZERTIEDT (9 A A3k D A 8 A AL D] ) mRNA K- W] i
TR SO SR ALK T A, A RT-PCR B0 TE R B8 VIEL -8 R G 3 D | 1 2530 R G 56 TR I 45 JB0AH DG 2
B A B EE ) PR RN | T B0 RGN A RE R AR N RTX JE N 25635 ) BE I 9 RNA Rk K -F-
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1.1 AR

K ATCC 7966 , K i #F 1 CC118
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JioRL ¥ O A 528 R A, 4 i ( Carassius
auratus ) 2 Wb W35, 773 Sk ILAREEDT o BT A 5
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Tab.1 Primers for gene knockout

514 519 51(5'-3") k7R Si S ik
Primer name Primer sequence(5'-3") Fragment length/bp Description
aguA-F1 CGAGCTCGTACACCAAGATGCAGTCG 386 VR R Y5 Sacl BEYI
GTCTACACTCTTCGACCAGC
- =T
agud-F2 GTCTTGATGCTCATCGCAAG PCR 51 YRR 551
CTTGCGATGAGCATCAAGAC ) S
_F =
agud-F3 GCTGGTCGAAGAGTGTAGAC 397 PCR 511 R A ¥
aguA-F4 GACTAGTCCCTTGACCAGATAGCTGTC -3¢ ) PSS 1747 25 Spel B D)L 4,
pSR47s-M13 CAGGAAACAGCTATGAC S o
pSR47s-VECR GATTTGCAGACTACGGGCCTA 353 UL PCR 519
16S-F AGAGTTTGATCCTGGCTCAG 1 442 Y E M FNZER) PCR 519
165-R GGTTACCTTGTTACGACTT

T _VIORRPEEE; ¢ TFORMUILAG ¢ " FORES PCR B A AN |45 pSR4ATs-VECR I pSRA7s-M13 Dy Bk b i Ef

IS8 LIAEIET R

Notes: " __ " is the protective base; " " is the restriction site; "

" is the reverse complementary primer in fusion PCR; pSR47s-VECR and

pSR47s-M13 are primers in the singlc—(ﬁ’(;ning site-concentrated region on the plasmid.

1.2 FEKSBEME agul BIRRRIME

I () 058 T 2 2 7 g 7K A< B T B A R
(H#k 5 : ATCC 7966) Y fa ik b RgBR agud™ .
TE aguA B 34 W i £5 BE P Bt DNA | BefEoh
[V 8 2 > B B ATl & PCR, 1R 3 f &
Bro BRb G R BOEHE3) A R Ok pSR4Ts Hr L™
A pSR47s-AaguA T4 JiT KL, % 4k 2= K s
CCLI8 o, i A T A 50 pg/mL R KA LB
AR b PR 5T T T AT I & PCR, i
214k FkE b pSR47s-M13 Hl pSR47s-VECR
19, ¥ PCR Frfs = Py d T Fy 9 ik, 4 95 ik 1
1 .5 pSR47s-AaguA JFTRL ) KA FF# CC118
A1 pHelper FURLI K IAFFIE CC118 FIiyAE: R mE
KM RETR G e #7650, M4 G 5
VAT &7 Amp 1 Kan 1) LB B AR F73E |
RS , PRI R 7% 2 5 A Amp Hl Kan 1) LB
AR SRR TP EAT PCR BRAIE , B0 0 XA Y T
PREIA 42 6 B B R PR . K45 G S Y TR RR TR
A T & 15% FEFERY LB P4z b0 2t , Pk pee b
A R TE B A 15% RERERY LB AR 55
Hep iR 12 b, fHH51Y) aguA-F1 il aguA-F4
17 PCR ik K 45 iE B AT B A5 HLUA H 4 Dok i)
PCR 2547 K /IR [ (8 R A 700 T, AR 40 D
RPN SRS R B Ty 91 i — BrE ) Wi R
MR N aguAd FER RV, FH T aguA JE R g
FRIGT I VRS E T 19, W 1,

http://www. shhydxxb.com

1.3 2 RNA REUFIFERANF

g AR TN Y aguA TR AR AT AR BRAE
LB [ AR F o2k, 28 C b s 3R. 43l
I aguA FHIGIHEFTEF A0k 3 DR 7K 2 5 mL LB
WRRE R, 28 °C 150 r/min $R¥% 5537 20 h,
W1 mL BT GEFEOE H,4 C 12 000 1/min
B0 2 min WA, [ B0 A 200wl 20
mg/ mL % B BA R ,37 CHFE 5 min, I RNAprep
pure Cell/Bacteria Kit 2 BUZH 5 . RNA, FBIR
BB JEE FEL VR U RNA B3, 2N RNA SR FEAR, HL
JeHE PR 2H 75 4% , H] Nanodrop 2000 il 5 & RNA Jii
R, ML RNA 5T i B2, R g 7K =B R
aguA TSR AR EF A= R Y 3 P47 R it 23 )
RA, —f ik 2Rt RBURBH R A R A
A, A Mumina PR SR, 75— 850 0T
SEIR}E H PCR(qRT-PCR)
1.4 R#% qRT-PCR

RGN aguA FIER J5 X K I B R ) A
B PERYFZNE , ]2 E 7 PCR(qRT-PCR) 2k
PR SN P vh 3 ) 2RAA T PR AH S BE R, A
TR R PR R HE K 1T gRT-PCR

JH HiScript I 1st Strand ¢DNA Synthesis Kit
( + gDNAwiper) & % cDNA , % B8 1i B {#i F Bio-
Rad CFX #t{4:Fll qPCR SYBR Green Master Mix if
7 qRT-PCR, 16S rRNA £ N S 3L ], L4515
Cq fE, H] SPSS B it B AR AW /Y P E, 1]
Graphpad {4 LR SE R ik iy 22 5712



33 AR B, 25 aguA DR BRI XTI 7K P TR EOWT IR ) 32 ) 451

1.5 HIEHEERRAERZ

K M BT aguA FEBRRR FDET A= R AR
MRS 238 40 Bk B . 52 7 g /K A i R
aguA FE R R RN BT 2R Bk, 76 LB A8 575 1
R, T 28 CIHEREFRAE P IR %, PRI e
%3] 1 mL LB g iARE 556,28 CHEIRIRG 1557
12 h, JU 50 wL BRAERNT 50 mL LB A 57 5
Hr 28 CHEIR 150 r/min HR¥% 35357, 4 000 1/min
250 20 min AR TR A, T AR B K BRI 3
WA 50 mL JG B A B R 7K 52 R, FH 5540
GGG R A BV IR ODggg 0 FITJC TR A2 B AR
TR UL 2 A58 BENS TR B A B 22 32 3%, 40 S| W B
100 L AS[r] 86 BE 1) aguA R R0 B A 1R 1 A
FHAEFRERK AR B 106 1%, U A T LB [E 485 77 5L
Pl b BRI 2 R 3 A AT AR, 28 C K
F, HERK B BAEE,TTEUE, UL OD {Hh X 4
DA Y ShzshibnE .

R AR 55 77 - AT T RTAH B B OD g 31
SRLAG H B K PR T B A R P M 2 DT R Sy =
7 x10% -2 x 10" | R* =0. 947 , & /K S PAMU T aguA
SRR A bRk i 2 5 R v =3 x 10%x - 540 586,
R*=0.983,

1.6 S£&FHHIIRE(LD,)HNE

AT 0 4, KK R 7 ~ 8 em, B (AR fi
B W shiE R, JoAMT , E/K IR 28 C R FE 2 Ji)E
FTFEE, SEORiE 13 A4, H 6 4iiEgirE K
SN ERR 6 LHTES B K SN aguAd @
Bikk, 1 A1) To i A BEER K VR S 0 B, A4 20
s, AT o aguA TR R AR RS
7 3.054 x10° 3.054 x 107 3. 054 x 10° 3. 054 x
10° 3.054 x 10" F1 3. 054 x 10° CFU/ &, B H= 7Y
BRI BT &8 2.25 x 10° 2. 25 x 107 2. 25 x
10° 2.25 x10° 2.25 x10* §12.25 x10° CFU/J&,
HE R4 BT 28 CiE/K i3, 5 K 1/2
IKGESEEL T d,iC RS AIE TR, R R &
FRvEH 4 ta 2P SR (LDyy ) o 58 FR Y 1Y
BB AT

LDy, =1g7| 212(X, +X,,) (P, -P) (1)

X, IR XTGP, R4 4 AE TS
1.7 SRR

S AIETK TP aguA RR AR FIET AR AR AE
LB - b3 e, PRI T V% 2 LB WA 1 77 5
H,28 CHER K7 (150 v/min) o MEEA KR
XTECIA , FH LB YA K: 35 3575 BE T W E ODgyy Ny
0.01,96 fLARHHEFLINA 100 pL FRE# K ,28 C
F57 20 h, JH 200 pL JopE PBS IR BE K 2 Ik
(200 pL 25% R 2 10 min, WA A
SRIAT) LM 200 WL 0. 1% 45 5 58 G (4 9
Yutt, 20 min, F¢ L 45 i YL )5 , FIJC T PBS
kAR, 2 PBS L, Mg & kT, AL
JMA 200 wL 33% VKBS PRV WK, & 38 IR R 3%
S& 15 min DRSS S5, FHBEHR G A% S L rp
TRARIT ODgo s FERN R 6 S FATAL, 1035 2
6 YCHIFIME + FRfE (Mean +SD)

2 4

2.1 FEKRSEME aguA EEREKRHEE

PBGES L&A Amp F1 Kan /) LB
REE IR BB TR, L BV EAT B 7% PCR, [H] i
FHIE K A T B A= ok R B A ORE AR O ) R
S5 R BR, PCR P WITE B NR M BE IS AL ik i A 2 2%
o, R/ 2E 1000 bp Zidy, BN K/NE
750 bp Ze A5, 5 H A BRSO /ANRERL, R AR
R/NJ3 1500 ~2 000 bp, 5578 7K 5 BT BEF A= Ak
ST R/INARARL o Y o T A R R W 0 R L R
JG BRI PCR W Ik R 5 R S 2500 RN
750 bp, SEE BB, EEERE 1(a)
8 ~ 15 VK I PR I o AT BRI 1) TR AR R A T I
J 45 D00 45 SR A 7K B T B A R 1 9
A% EMBL-EBI( Bioinformatics tools for multiple
sequence alignment) HATFH X, 5RERN, 5
7K SN T B AR AR AR L, aguA BE R Bl
BRI B EE 1084 bp[ K 1(b) ], £HIE 4
JC T 1 DA 7K AP e T K PR TP B T aguA KR
E ]S
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bp M 1 2 3 4 5 6 7 bp M8 910 111213 1415 16

2000 2000
1500 1000
1000 750
750
(a)
Aagud CGGCCGGGGATGGCAGCATTCCTTGCGGGGTGCGCACCAGCAGGGGATCGCCAAAGAAGGTGCGCAGACGATTGAGC GCATGGC TCATGGC GGGC TGGCTGATAAA
WT CGCGCGGGGT TGGCAGCATTCC TTGC GOGGT GC GCACCAGC AGGGGATC GCCAAAGAAGGTGC GCAGAC GATTGAGC GCATGGC TCATGGCGGGC TGGC TGATAAA
Aagud GAGGGTTTCGGCGGCGCGGGTGACGC TECCC TGCGCCATCAGGGC GTCAAAGGC GAGCAGCAGGT TGAGGTCGAGC TGGTGCAGTTTCATCAAGATTATITGCCAG
WT GAGGGTTTCGGL GGCGC GGG TGAC G TGCCC TGCGCCATCAGGGC GTCAAAGGL GAGC AGCAGGT TGAGGTCGAGC TGGTGCAGTTTCATCAAGATTATTTGCCAG
Aagud GCTTATGGGACAATCCATCCTATTCATTTGATGGATGTGAGCGCAACTTC TTACACTGCGACCACTGTTATTTTTCCAGGATCCCCGCGCCGCGTTTTCACGCCTG
T GCTTATGGGACAATCCATCC TATTCATTTGATGGATGTGAGCGCAAC TTC TTACAC TGCGACCACTGTTATTTTTCCAGGATCCCCGCGCCGCGTTTTCACGCCTG
UA  CGGGGTCTCAATCCATGCAAGGAGCCTTGCGATGAGCATCAAGA] — =~ == = m = m mmm e
Aagud CGGGGTCTCAATCCATGCAAGGAGCCTTGCGATGAGCATCAA!
T CGGGGTC TCAATCCATGCAAGGAGCC TTGCGATGAGCATCAAGAL CATGAACACCACGCCGECCGC TGACGGC TTCACCATGCCAGCCGAGTGGGCACACCAGCAG
19
I e e
ﬁg GCCGTCTGGATGATC TGGCCGTTTCGCCCGGACAAC TGGCGTGAGGCC GGTCGC TTCGCGCAAGCCACC TTTGCCAAGGTGGC GGATGCCATTGGGCAAGC GACCC
A U A= e e e e R e ===s==
WTg CGGTCTTTATGGGGGTACCGGCCCAGTTTATGGAGCAGGC TCGCGCAATCATGCC TGCCCATGTCACCC TGGTCGAGATGAACAGC GATGAC TGC TGGGCCCGCGA
N U e e s
WTg CAGCGGCCCCACCATCGTCACCAACGCGGCCGGCGAGTGCCGTGGGGTGGATTGGGGC TTCAACGCC TGGGGTGECCACAAGGGC GGTC TCTAC TACCCGTGGGAT
ABQUA  mm oo s oo o e e e e o — e ————— -
WTg CAAGACGAGCAAGTGGCGGCCCAGATGC TGGCACAGCACGGCATGGCCCGTTACGACGCGCCGC TCATTC TGGAAGGGGGC TCCATCCATGTCGACGGCGAAGGCA
ABGUA oo m o o e e o m e — e — - - - -
WTg CCTGCCTGACCACCGCCGAGTGCC TGC TCAACGAAAACC GCAACCCGCACC TGAGCAAAGAGCAGATC GAAGC GCACC TGCGCGAC TATC TGGGTGTGCAGAGCTT
) R o e e e e e e
WTg TATCTGGC TGGACGAAGGC GTC TACATGGAC GAGACC GACGGCCACATCGACAACATGTGC TGC TTCGTGCGTCCGGGTGAAGTGGCCC TGCAC TGGAC TGACGAC
AaQUA  — oo oo e m o —m - — -
WTg CAGAACGATCCCCAGTACGCCCGC TCCGTGGCCGCCC TCAAGGTGC TGGAAGC GGC GGTCGATGCCAAGGGTCGCAAGC TGAAAGTGTGGAAGC TGCCCCAGCCAG
ABGUA == m oo m o o o o o — -
WTg GCCCGCTCTACTGCAC TCAGGAAGAGTC TGCCGGTGTCGAGAGC GGTACCGGTGTGCCGCGCGAGGCAGAAGGGC GTC TGGCCGGC TCCTATGTGAACTTCCTCAT
T e it
WTg CACCAACGATCGCATCGTC TACCCGC TGC TGGATGCC GCCACC GACGGC GAAGCCCAGCGCATTC TGGAAGAGATC TTCCCGGAGCATAAGGTCGTCGGCGTGCCG
ABGUA === === mmm e m e e e TGGTCGAAGAGTGTAGACATTCAAAACCCCACGCC
WT OO OC A GATCC T G T GEaC GO T GO AT ATCCAC TGO AT T ACCCAGE AGATCCC TTCAGETCAGT A e TGO TC CAACACT CT AGAC ATTC AMAACCCCAC Gee
Aagud GTGGGGTTTTATCTCTTGATGACGTGATGGTCGCAGGCGC TGATGCGGCGATCATCATGACAAACCGTCACCC TTTACAGGAGATCCCCATGATCGAAGTGACCGA
WT GTGGGGTTTTATCTC TTGATGACGTGATGGTCGCAGGCGC TGATGC GGCGATCATCATGACAAACCGTCACCC TTTACAGGAGATCCCCATGATCGAAGTGACCGA
Aagud GGTTTCCATTGCCGAGC TGCGCGGTGCGC TCGAAGCAGGCCACACCACAGC GGTCGAAC TGGTCAAGGCC TATC TGGCCCGTATCGAGGC TTACAACGGCCCCGAG
WT GGTTTCCATTGCCGAGC TGCGCGGTGCGC TCGAAGCAGGCCACACCACAGC GGTCGAAC TGGTCAAGGCC TATC TGGCCCGTATCGAGGC TTACAACGGCCCCGAG
Aagud ACTGCCACCAAGC TCAACGCCCTCGTGGTGCCCAATCCCGATGCGC TGAAAGAGGC GCAAGCGTC TGATGCGCGCCGTGCCCGTGGCGAAAC TCTGGGGCCGCTCG
WT ACTGCCACCAAGC TCAACGCCC TCGTGGTGCCCAATCCCGATGC GC TGAAAGAGGC GCAAGC GTC TGATGC GCGCCGTGCCCGTGGCGAAAC TCTGGGGCCGCTCG
Aagud ACGGCATCCCCTACACCGCCAAAGACAGC TATCTGGTCAGGGAACTGGTCCAAT----AGGGGG
WT A GG A TCCCC TACACC GCCAAAGAC AGC TATC TGGTC AAGGGGL TGACCGCCGCCTCCEECAG

(a) JE D BRR AN B4 A MR R 45 SR LK I, 1 ~ 7 KIS o
DNA SRt A BT I 5 (b) e

®

MR8 ~ 15 DKIH A HEAE L Y agud RRERTR, 16 Dy L WT 2
PO LA AR “H”rﬁﬁﬁ}%iﬁ&o

(a) The results of gene knockout bacterial conjugation experiment show that lanes 1 — 7 are conjugated strains.

&H

In the PCR results after

sucrose screening, 8 —15 are the screened aguA-knockouted strains, and 16 are the negative control with WT genomic DNA as the template.

(b)In the result of sequencing sequence alignment, " [ ]" is the fragment knocked out.

B 1

MEK S BREE aguA EFERRR PCR £ FEEAL R ik B A0l Fr b Xt 45 R E

Fig.1 Gel electrophoresis and sequencing results of A. hydrophila aguA-knockouted PCR results

2.2 aguA BRREFERNERALRKR S
WK 2 (a) fis e s ANy 25 R o b 3
1 390 FE &A= 1 R, 1 126 DMEE A T B
P B2(b) AR 255 HEF GO B KH
GO 5 8 v d5c Wi 35 1) 5 8 Sy A0 8 s o3 1) %% ;
SR Ay R TR s T VA T R S 1 0 W0 IR B 8 Tl %
4 ( Phosphoenolpyruvate-dependent sugar phos-
photransferase system ) | % /K 1k & ¥ i %y 55 H

http://www. shhydxxb.com

( Carbohydrate transport ) | ¥% iz 7& 9 ( Transport ) ,
WER) IS, 78 PR 22 F R GO H R PRt
BT L 2 s R e 1 AU, 3K LB 5 A AT 17 L
WPERVIRC . 18 KEGG Ui, 5 B
WA LL , aguA TRERPRA 81 AR A E T T
P, Hrp i B ET 4 508 ABC izl EH & f;\
LU O o> RS IR B RS, X
PSR P <0.001 , #-B H B 2 7 4
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AaguA vs WT
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200.0 ¢
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-1 1
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(a) ZR#EE KILE Volcanic map of differential genes
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*
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o h;;

100

200 300

Number of genes
) TRAKNZREFGOESES%H Down-regulated differential gene go en—richment entries

2 BEKSEHIE aguA BBRHKMEFEKESERMLEMNTE GO E£4H
Fig.2 Volcano map of differential genes and down-regulated go enrichment

entries between A. hydrophila aguA-knock-out strain and wild strain

2.3 aguA BRERFIMEKSERESNHEXER

B SR AL e 65 2R 93 M e B 55 9 K SR N R
BPERRAALE , agud BRERIRARZ 5 5 J1AHSGIE I &
AT TR R AR AL 3, R ISR 1390
Ao TEIXLETT Pl 2 P A GG 1 43 A5 4R i R

PEAHSCRYEE DY, JX 43 AN EE R 2 Jm T2 75 b Y
FEA 045 13 A VIEL 73 Wb R G BE I (vgrG tssl
hepl |tssF | tssG | tagH | issK .vasF ., clpV . tagO .tssA |
tssM Fl paaR HHIER ) ;8 A0 BAH K EH AR
(matB fimA .cpaB \pilX .tadB flpJ flpL .pilU) ;7 4~
EINEERA (tdh sunT mltB2 yfhDI yfhD2 .ccmF-2 |

http://www. shhydxxb.com
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nrfE) 58 4~ [ B43 3 R Ge & K (pulE | gspH . gspN |
tadC .gspB .hlyDI .hlyD2 .hlyD3) ;3 ~HEL 5 M AH
KEEH (Ul SR fIRB) ;2 A7 8 2 B (ast
act) ;2 D RTX FZEFH (rixd rixD) o F 2 R
SEALAE R R PR R R T R AR

KRR 22 AL GO B A i 4 B B R i
T R BRI A AR TR i BE R EA T T gRT-
PCR B3 0F, B uF &5 R an &l 3 Frzs « & ad 72 i
LR BR spoB B [H A, aguA i I Bk 1Y) H At 242 i Bt
IR & A T AR #3510 N 85 BR cheRI EE A A,
aguA FERAR LA A I AR i BRI R AR T
EWREM N, qRT-PCR B k25 R 55 54
EAE S SR
2.4 FNBR aguA EEZMEKSEBMENED
FEF X

B SR 2 3 W R B8, 4 A S 35 AT 1) 3k 4l
Z 3 aguA FERAYEE , #F—2 ) qRT-PCR 7R,
12 AN B 53 1 35 7 JE B comF-2 R
KA EN T, aguA @ERAR LA 11 DEEE Y
FKikEHRAETIAEFREN TH[E 4(a)],10
A2 TR B 3 A v 1 S PR A 32 3] agud RLRR Y 52
Wi A2 T R LB 4(b) 15 Ao B 4
KRR 5K SR B AR AR AH L, aguA RRBR AR
()20 BRI TE 1 RE ) B S5 RRAIR L T 4 (e) 1o
2.5 aguA BEREHREIKI & ENBUREEN

3 NVEIKA M T B AR AR RN aguA RRCBR AR
T 4 ) LD, SEBR 25 5 1 g 7K < e
Y AR BRAE T 1Y 4 fRE IR F B R S AR AR ., B Bk R
JER I, TS aguA RBR PR IS P8 T2 1Y 4 fa0E IR
FEI R R ARL , {HL R R JE 2 B PR sk 2>, W oK
%$H@%ﬁ§ﬁﬁix‘j—é‘z\@% LDsojl‘J 1.02 x 10°
CFU/J, W8 /K B ML T aguA R AR X 43 #01Y)
LD} 7.60 x 10° CFU/R&, FH L Z T , aguA BE%
PRXT 42 £0. 1) LD, LB AEARFEAR 1 86. 6% , AH LU T
R, aguA AR A YIRSTY BUBE ) I 1716, 6%
[El4(c) ],

http://www. shhydxxb.com
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Tab.2 Down-regulation folds of
down-regulated virulence genes

FER 32K B A% LTRSS

Classification of genes Gene name  Down-regulation multiple

vgrG 2.86

hepl 4.76

tssk 5.28

tssG 3.35

tagH 3.90

VIR0 3R B tssK 4.18

Gene of type VI vasF 4.00

secretory system clpV 3.24

tagO 6.74

tssA 5.46

tssM 3.58

paaR 6. 14

tssl 5.78

matB 2.98

fimA 2.99

cpaB 5.59

RECR S pilX 3.40

Pili synthesis

related genes tadB 7.75

SflpJ 8.38

fipL 5.86

pilU 2.48

tdh 4.53

sunT 7.55

V5 LA S 3L mitB2 4.66

Hemolysis related yfhDI 3.23

genes yfhD2 3.89

cemF-2 4.15

nifF 4.24

pulE 2.24

gspH 2.07

R gspN 2.43

BU93 0k ZR G Ak A

L ”fy i fig tadC 8.29

secretory system gspB 2.1

hiyD3 2.50

hlyD2 2.89

hlyDI1 3.63

W (A i 3.69

Flagellum synthesis JliR 4.17

related genes fhB 2.70

s ast 5.09

Enterotoxin gene act 7.43

RTX 525 rixA 3.65
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Tab.3 Goldfish mortality rate after injecting wild strains and aguA-knocked-out strain of

A. hydrophila with different concentration gradients
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T A A M A0 A I 20 A s A
SANEIE" . B egud J5,T6SS IRZ 4111
PR K T B a0 A SR T F 285 B R SR A
£ DNA 5685 W pR 45 45 D v A A= 9 T
1838 B RIR T 5 A A ol PR A S
aguA (IR 7 20V K R I B ALREE A EI’J
PR AR, s R T B 15 B, TR
W 248 T FF) 206 O RE 0 8 L P 00 M 7 2R 00 7 2R
DA AL T R SO I ) A e B
LLANMNSE BT B E AR 2 2 nm (FLAR, ik A
B2 2 PR A LT A0 S AR AT 5 2T 2
LR AB 2R , ToX o e O £ R I I R 2R Y T
SRR Z " TR agud J5 LR LR 1 0k
W TR, AR E R TR T agud HIF IR

http://www. shhydxxb.com

I B 22 I &, B I8 T i — 20 MLk 5%
T2SS A2 R K I8 W ALK B ) 40 i S M%
i, X SETRE G B IR K A R i O Ak 0 B
IKAEG W, DA Sk 240 B FE 20 5% vp ) 2B A7 SR AR
G AN T2SS 43 b ) — ek B A RCR B T AR
VIR TR B, 247 A0 D A B A O RS 10 285 4 R AR
PED aguA (RIS T2SS 44y ik i i 2
TRE, o IR (HIyA) MR EE T 850 W R 48
(T1SS) 73 WA Z 4H 12 41 B 71, HlyD J2& T1SS Hi ) —
AR, AN — 3838, o HiyA B4 424t T
BB I A 3 H HiyD 952 8 X T3
WY HIyA &4 & s e S e m
aguA [YREBRAE HlyD [f3%35 1 3 F B, 5% i HiyA
YT Ay . 886 S AN I (10— s s P 54
FEAN TR RGBT B A5 5L A 2
AT A EEAEH . RE, MR
WIS 2 B T 200 B 40 MR 9 R agud
WS, R A B D 1 2 0k 0 3R B, S e HE
(T B, PRI 52 A4 49 2 1) T 1 0 40 1 1) 32 B
G P A MR B R (ast) HORFE M
s B R (alt) AT HE T R (act) 7E
AT ) IR L R AR A SR T
MEZEF ST, BN LRI
Febn >l 200 i 5 S 0 2 T AR A 45
HEERAL, T B0 32 40 M 22 5L, B AN B e s
My BRAmET, ELFINEATE
(RTX) S 2% [ [ 7 4 0 ) — o O 2B S5 ot



33 AR B, 25 aguA DR BRI XTI 7K P TR EOWT IR ) 32 ) 457

RS E R X —A B Zhn T & 1 i
BERIIAL R, RE 8 1 1 g v PRL 20 L, 35 3 2 M
Y S TR 20 s A (2L M L b B2 L T 2
fig) 0 ,agul FEBRIG astact rtxA | rexD )ik B
R TR, HE T SR A A g R AR R R
PAHER T qRT-PCR Bl , 546 12 55 S 5E
10 AFREFFTEEP 9 A Ak R FN 8 AN AR A
B IESSR 5  SE A G5 R AR — 0, AR i A
HRAAE T AR BT R, 2 B sk B i PR S 8 2 B
T aguA BYFEIR R EE R AR A AT RE I
W 7K BRI T Y BEVE RN SO T

AHIFFE I8 A 0 < 8 T S A L B R R
I aguA FEBRAFNET A= BRIV LDy, , & B aguA &
Btk LDg, FEEF A RRFEAIN T 86.6% IR Ww
2 RTX 5 R B B R & Ay 4, &
ot R BUR M. AN TR Y B0 T 2
ZHER, W b B A ]k D7 4 4 3 ) £
FANS e A Vol A 195 58 O & 1) 5 B )
—, BRI aguA @ERAR BE T 4F J IFE 1
P2 B iy B — 2 B S B DR P, (H A Y
Ay 7RI T B O O P R R TR Y
iy

SR EERAT , MR aguAd JEH IS, LA B
RIFGRE TR T, IEU MR aguAd #5552 T
g K A EA S D  F B BE T o 3 MRS
FE B A 5 W T ER 1Y 23 06 R 20 4 T T
M) 248 AT 1 S0 PR a1, D9 A, Al R T B R EE B
) 40 A 00 B %) B 0 R R R0 R, DT 52 Wi 44
WTES RN ETE . JF H., A=Y AT U4 240
P Y32 % BREE S S ), SR A 3 SR S
S v Y N Y SRR S i e T e oY N D
TR Y, 5 40 T R B0 PE S AR M B
g5 W B B 2 R ) IR A B R B AT Y
FEVE, AR agud TR SR IE K R IE IR 2 %
FIFEH PR TRE T, H 8 7K B T A= 4
TR S P tE B B, 25 BTk, TERE K<
JHL A R aguA {75 200 TR 1Y) M AN 20 M
TR

SE
[1] LIUJ, GAOSS, DONG Y H, et al. Isolation and characterization
of bacteriophages against virulent Aeromonas hydrophila[]].
BMC Microbiology, 2020, 20(1) : 141.
[2] SKORCZEWSKI P, MUDRYK Z J, JANKOWSKA M, et al.

(9]

[10]

(1]

[12]

[13]

Antibiotic resistance of neustonic and planktonic fecal
coliform bacteria isolated from two water basins differing in
the level of pollution[ J]. Hidrobiologica, 2013, 23(3):
431439.

HOANG A H, TRAN T T X, LE P N, et al. Selection of
phages to control Aeromonas hydrophila - an infectious agent
in striped catfish[ J]. Biocontrol Sci, 2019, 24 (1) . 23-28.
JIN L, CHEN Y, YANG W G, et al. Complete genome
sequence of fish-pathogenic Aeromonas hydrophila HX-3 and
a comparative analysis: insights into virulence factors and
quorum sensing [ J ]. Scientific Reports, 2020, 10 (1)
15479.

JAHID I K, MIZAN F R, MYOUNG J, et al. Aeromonas
hydrophila  biofilm, exoprotease, and quorum sensing
responses to co-cultivation with diverse foodborne pathogens
and food spoilage bacteria on crab surfaces[ J]. Bio-fouling,
2018, 34(10) : 1079-1092.

g IRFREX AR R TBEAMENBIFEID].
KiE: KiEifpg k¥, 2006.

LI A. Transportation and transformation of chloramphenicol
in coastal environment [ D ]. Dalian; Dalian Maritime
University, 2006.

BB S R U T I SR R £ T R R S g
R MR EMID]. i EARMT R, 2015.

YE N. Maternal transfer and protection role in zebrafish
offspring following vaccination of brood stock with a live
attenuated Vibrio anguillarum [ D ]. Shanghai: East China
University of Science and Technology, 2015.

FELE, BRaAAE. KRR 6 f g 7K AR A TR T
B MSRACRAIIEEL ], PR ERLE, 2006, 36(1)
33-36.

GUO Y J, CHEN X N. Enhancement of A3a-peptidoglycan
on immune effect of inactivated vaccine against Aeromonas
hydrophila[ J]. Veterinary Science in China, 2006, 36(1) :
33-36.

LIU Z X, HOSSAIN S S, MOREIRA Z M, et al. Putrescine
and its metabolic precursor arginine promote bio-film and c-
di-GMP synthesis in Pseudomonas aeruginosa[ J]. Journal of
Bacteriology, 2022, 204 (1) : €0029721.

WANG G Y, ZHAO G, CHAO X Y, et al. The characteristic
of virulence, biofilm and antibiotic resistance of Klebsiella
pneumoniae [ J ]. International Journal of Environmental
Research and Public Health, 2020, 17(17) ; 6278.

DEL POZO J L. Biofilm-related disease[J].
of Anti-Infective Therapy, 2018, 16(1); 51-65.

DEL RIO B, REDRUELLO B, LINARES D M, et al. The

Expert Review

biogenic amines putrescine and cadaverine show in vitro
cytotoxicity at concentrations that can be found in foods[ J].
Scientific Reports, 2019, 9(1) . 120.

MOINARD C, CYNOBER L, DE BANDT J P. Polyamines:
metabolism and implications in human diseas-es[ J]. Clinical

Nutrition, 2005, 24(2) ; 184-197.

http://www. shhydxxb.com



458 E ol il R % % i nE
[14] ZHELIASKOVA A, NAYDENOVA S, PETROV A G. Interaction [24] {83%. WFH Excel FHEEHBEGER[T]. ILTTERK
of phospholipid bilayers with polyamines of different length #2247, 2010, 41(10) : 914916.
[J]. European Biophysics Journal,, 2000, 29(2) : 153-157. TAN P. Using Excel software to calculate the lethal dose[ ] ].
(151 ARAUJO C., MUNOZ-ATIENZA E. POETA P, et al. Journal of Shanxi Medical University, 2010, 40(10) : 914-
16.
Characterization of Pediococcus acidilactict strains iso-lated ? ) ]
. . [25] RMSC, #5E. 4 0 (R4 BRI — S0 A A B )
from rainbow trout ( Oncorhynchus mykiss) feed and larvae: o
' . L . REAMHTLI]. R R EHL, 2020, 29(3) : 411419.
safety, DNA fingerprinting, and bacteriocinogenic-ity [ J .
. . . WU C W, BAO B L. Phenotypic function of nitric oxide
Diseases of Aquatic Organisms, 2016, 119(2); 129-143. 0]
NN, s e s synthase in Staphylococcus aureus [ J]. Journal of Shanghai
[16] GRAE, 30k, #R4, % WSS FA YR HPLC o Univesity, 2020, 20(3) : 411419
3 ty, 5 : .
SERSITLI]. frih TARHE, 2013, 34(7) ; 305-308. o e _
[26] AKTER N, HASHIM R, PHAM H Q, et al. Lactobacillus
WENY Z, FAN W L, XU Y, et al. Quantification for 5
acidophilus antimicrobial peptide is antagonistic to Aeromonas
selected biogenic amines in Chinese liquor by HPLC [ J].
hydrophila [ J ]. Frontiers in Microbiology, 2020, 11;
Science and Technology of Food Industry, 2013, 34 (7). 570851
305-308. '
[27] WILLIAMS B J, DU R H, CALCUTT M W, et al. Discovery
[17] LANDETE J M, ARENA M E, PARDO I, et al. Comparative o . .
of an operon that participates in agmatine metab-olism and
survey of putrescine production from agmatine deamination in o . .
regulates biofilm formation in Pseudomonas aeruginosa|[]].
different bacteria[ J]. Food Microbiology, 2008, 25 (7). Molecular Microbiology . 2010, 76(1) : 104-119
882-887. o i ’
[28] CHENG C Y, CHEN J S, FANG C, et al. Listeria
[18] NAKADA Y, ITOH Y. Identification of the putrescine biosynthetic .
] ) o monocytogenes aguAl , but not aguA2, encodes a functional
genes in Pseudomonas aeruginosa and - characterization of agmatine deiminase: biochemical characterization of its
ine d N Iputrescine '
agmatine deiminase an carbamoylputrescine catalytic properties and roles in acid tolerance[ J]. Journal of
amidohydrolase of the arginine decarboxylase pathway [ J]. Biological Chemistry, 2013, 288(37) ; 2660626615
Microbiology, 2003, 149(Pt3) ; 707-714. [29] WANG S, WANG Y, WANG Y, et al. Theaflavin3, 3'-
2, AH )—I e sy %‘. i (=} 172 /SN 1 | 4 g
L19]  HRHT, XUJ5, FIHE, 4. fohh R iRt i digallate suppresses biofilm formation, acid production, and
JELI]. IRl Rl 2013, 41(7) : 309-311, 390. acid tolerance in Streptococcus mutans by targeting virulence
XUJM, LIUF, WANG D Y, et al. Research progress on factors[ J]. Frontiers in Microbiology, 2019, 10 1705.
regulation of putrescine synthesis in food [ J]. Jiangsu [30] JONES J E, CAUSEY C P, LOVELACE L. et al
Agricultural Sciences, 2013, 41(7) : 309311, 390. Characterization and inactivation of an agmatine deiminase
[20]  NAKADA Y, JIANG Y, NISHUYO T, et al. Molecular from Helicobacter pylori[ J]. Bioorganic Chemistry, 2010, 38
characterization and regulation of the aguBA operon, (2): 6273
responsible for agmatine utilization in  Pseudomonas [31] SUAREZ G, SIERRA J C. SHA J, el al. Molecular
aeruginosa PAOL[J]. Journal of Bacteriology, 2001, 183 characterization of a functional type VI secretion system from
(22) : 6517-6524. a clinical isolate of Aeromonas hydrophila [ J]. Microbial
[21] CUNIN R, GLANSDORFF N, PIERARD A, et al. Biosynthesis Pathogenesis, 2008, 44(4) ; 344-361.
and metabolism of arginine in bacteria[ J]. Microbiological [32] &R, BV, ST, S v I A M O
Reviews, 1986, 50(3) : 314-352. T HCUH F WA F S0 e (0] B 45 4, 2020, 60
[22] XIEE, w8, sk, S5 @A i o v ik D ok vk Ay (11) ; 2381-2390.
SERHLT]. HE S Eh Y AE 4Rk, 2011, 19(3) ; 188- JIANG F F, LEI T, WU Q P, et al. Biofilm formation and
192. regulation mechanism of Vibrio parahaemolyticus: pro-gress
LIU X, GAO H, YANG L, et al. Establishment of a suicide and trends[ J]. Acta Microbiologica Sinica, 2020, 60(11)
vector-based gene knockout method in studies of Vibrio 2381-2390.
parahaemolyticus[ J ]. Acta Laboratorium Animalis Scientia [33] WANG G H, CLARK C G, LIU C Y, et al. Detection and
Sinica, 2011, 19(3) : 188-192. characterization of the hemolysin genes in Aeromonas
(23] ZZRERE, kI, 8% e, % BT OFA RO KR hydrophila and Aeromonas sobria by multiplex PCR [ ] ].
RAMAEBE RIS ML [T]. LW R ¥, Journal of Clinical Microbiology, 2003, 41(3) ; 1048-1054.
2019, 28(5) : 708-715. [34] RAGHUNATH P. Roles of thermostable direct hemolysin
PENG K K, ZHANG B, BAO B L, et al. Comparative (TDH ) and TDH-related hemolysin ( TRH) in Vibrio
analysis of skin melanophore and scales in different parts of parahaemolyticus[ J ]. Frontiers in Microbiology, 2015, 5.
melanized Japanese flounder Paralichthys olivaceus [ J]. 805.
Journal of Shanghai Ocean University, 2019, 28 (5) . 708- [35] KOROTKOV K V, SANDKVIST M. Architecture, function,

715.

http://www. shhydxxb.com

and substrates of the type II secretion system [ J]. EcoSal



33 AR B, 25 aguA DR BRI XTI 7K P TR EOWT IR ) 32 ) 459

Plus, 2019, 8(2) : 227-244. associated gastroenteritis [ J ]. Microbes and In-fection,
[36] LEE M, JUN SY, YOON B Y, et al. Membrane fusion 1999, 1(13): 1129-1137.
proteins of type I secretion system and tripartite efflux pumps [40] KIM BS, GAVIN H E, SATCHELL K J. Distinct roles of the
share a binding motif for TolC in gram-negative bacteria[ J]. repeat-containing regions and effector domains of the Vibrio
PLoS One, 2012, 7(7) : e40460. vulnificus  multifunctional-autoprocessing  repeats-in-toxin
[37] PIMENTA A L, RACHER K, JAMIESON L, et al. Mutations in (MARTX) toxin[ J]. mBio, 2015, 6(2) : 00324-15.
HIyD, part of the type 1 translocator for hemolysin secretion, [41] AWAN F, DONG Y H, WANG N N, et al. The fight for
affect the folding of the secreted toxin [ J]. Journal of invineibility : environmental stress response mecha-nisms and
Bacteriology, 2005, 187(21) ; 7471-7480. Aeromonas hydrophila [ J]. Microbial Pathogenesis, 2018,
[38] HU M, WANG N, PAN Z H, et al. Identity and virulence 116 135-145.
properties of Aeromonas isolates from diseased fish, healthy [42] LIJ, NIX D, LIU Y J, et al. Detection of three virulence
controls and water environment in China [ J]. Letters in genes alt, ahp and aerA in Aeromonas hydrophila and their
Applied Microbiology, 2012, 55(3) ; 224-233. relationship with actual virulence to zebrafish[ J]. Journal of
[39] CHOPRA A K, HOUSTON C W. Enterotoxins in Aeromonas- Applied Microbiology, 2011, 110(3) ; 823-830.

Deletion of the aguA gene affects pathogenicity of Aeromonas hydrophila

ZHAO Dongkang'*, Rachit PENGLEE'?, CHE Jinyuan'?, YI Xinxin'*, QIU Chaoda'?, BAO Baolong"”’
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University , Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education, Shanghai
Ocean University, Shanghai 201306, China)

Abstract ; Aeromonas hydrophila is a common pathogen in water environment and has strong pathogenicity. In
this study, the gene aguA of A. hydrophila was knocked out for the first time. Transcriptome analysis and
gqRT-PCR indicated that the knockout of aguA down-regulated the bacterial adhesion process, pathogenic
process, amine metabolism process and etc. In addition, type VI secretion system genes, type Il secretion
system genes, flagella synthesis-related genes, fimbriae synthesis-related genes, hemolysis genes, type [
secretion system genes, enterotoxin genes, and RTX genes were also down-regulated at the transcriptome
level. qRT-PCR showed that most of these genes were significantly down-regulated. Compared with the wild
strain, the pathogenicity of A. hydrophila aguA-knocked-out strain infected grass goldfish was reduced by
86.6% through infection experiment in vivo, and it was found that the biofilm formation ability of the aguA-
knocked-out strain was reduced by 16. 6% . The above results show that aguA gene is closely related to the
pathogenicity of A. hydrophila.
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