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NCBI #3115 NZ_CP016989.1, K FF i %7213
A M AR TRL pRELL2 ¥k 2835 U 48 52 560 =5 R
. B CIK 418 & (grass carp kidney cell
line, CVCL_CV32) i 2 3 F 76 92 10 % R A7 T AL X
FEST 10 Y6 G 4 1 7 (FBS) Al 1% 7 5 R-55 5 R W
Py M199 HEFR B iE 37

A L T M199 15 3R 25l - Gibeo 2
PrimeSTAR Max DNA % & fiff . 2 &l ¥ o9 11 il
DNA Marker W [ i MEHE AT T A PLAER (5 &
R-HER R WYL AR F) B A A Y A
Al 58 5 58K 77 & GoScript™ Reverse Transcrip-
tion System W H 3% [E Promega /A #; % 6 F &
PCR #3257 & (SYBR Green PCR master mix)
I A 3E[E Bio-Rad 2w 5 il % P Hm 514 (R D,
B SR AE Y HOR A R A A .

1.2 AenvZ/iompR SR&kpI &

AenvZ [ompR G A # W AN & 1 7w, LA
WK A ZYAHT2 SR 4R, A P1/P2
1 P3/P4 519 43 B #E 4T PCR LAY 3 7 i [ I
B PL/P4 519 2@ & PCR %4 O i[5 5
. 2 Xba | 1 Sac 1 XUEEY) 5 3% 42 3] A A P BkL

7213, BHEER) X7213-pRE112-envZ /ompR 1EH
BEIR B 8K B M ZYAHT2 1 N Z IR, 3E 1T
WA, BRSRA RN T B B RS2 R TR 5 ) 5
FEXBAK W, HJCHE PBS YEk 2 e RA ¥
A BEIR A WO B BT CE AR TP LA AR b
IR IR 4 R .28 CHE 6 h J5 /1 LB &
IR P A R R RS TR AT TR R Bk AR
. 28 CHEEFRTESS A K WG, H PL/PA 51 Wil 1T
PCR BG4I . B F S B 0 B RS 4 776 7 %0 REBE LB
BRETESERE RN AE Rt M TFEAE
FHUKW MM P5/P6 519 #E17 PCR % iF , PCR 4%
EgE R A BN B AenvZ /ompR B Ik #y 2&
I
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Target gene envZ/ompR
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B 1 AenvZ/ompR &k ikiE R

pRE112 S I £ 0 B A L AR T AL TR AT Fig.l1 Construction strategy of AenvZ/ompR
&1 519ER
Table 1 Primers information
GIE7 BN Fe4 5'-3 H AR A
Primers Sequence 5’ to 3’ Target genes
P1 CATGAATTCCCGGGAGAGCTCGACGAGAAGGTGAACCTGAA envZ /ompR |-V [A] U5 R
P2 GTCAATACCTCGAAGCCGGCCCTGGTCAGGTATTCGTTGA Upstream fragment of envZ/ompR
P3 GCCGGCTTCGAGGTATTGACTACGCATCATCATCATGGAC envZ /ompR T i [R) I
P4 CGATCCCAAGCTTCTTCTAGAACCGTTCTGGCTGAGAGTC Downstream fragment of envZ/ompR
P5 CTGAACGAAGAGGAGATCCA envZ [ompR P T3
P6 CTGAACAGCCGCTCTCTATC Internal sequence of envZ/ompR
OmpF-F CAACGGTTTCTACTTCGC ompF
OmpF-R CCCAGCAGGGTTTCGTC
OmpC-F GCGAGAAGACCATCAGCG ompC
OmpC-R CACGGTTGGTGGCGAAG
TNF-o-F ATTTATCTCGGTGCGGCCTT TNF-a
TNF-a-R GCTTACAGAGCAAACACCCC
1L-6-F CTCAACCCTGGTCAACGACA -6
1L-6-R GCATCCATGCGGATTTGACC
B-actin-F sCCCCACCTGAGCGTAAATA Bactin
B-actin-R GCATCCATGCGGATTTGACC

1.3 NaCl B sLie

pL AR 3 AR, 28 CHRM TR, B 0.5 h

A A A 0.25%.1.00%.2.00% NaCl 1
FE SR B e K S B LR R EE 12 100 #5230 3h
Jilpie K 5% e vp IR 2 5 B i = 96 fL M, B L 200

T ODygoo oo {H - BELERFFE 30 h, SLHM7EE 3K,
1.4 qRT-PCR &M+ EXxE FHFiX
f#i | TaKaRa & # 5% ik %] & (PrimeScript
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TMRT Kit) # 17 & ¥ 5. 2 X TSINGKE Master
gqPCR Mix-SYBR #1798 & PCR, HHrgK <
PR ZYAHT2 N3 R 16S rRNA, H A N S
b B-actin, SLH ML EE 3 WK, 4T Tk R A
27AAC17£[11] R
15 HEYEERERERN

10 pL AWM 100 pL LB = 96 FLAR
28 CHEF% 36 h, WL TR T T T K Bk 6 R BEHE
AR, 100 pL 0.2 %045 i 56 94 4 5 min, JoR KUk
B HCE T 37 “CHEFRAA ML, ]I 33 00 UK TS 2 V4 fik
AR 3 6 BT I B LAY ODsoo o fH . 5K
WA A 3K,
1.6 &IMmR{GELE

SR B fH % B AF R il W, ) EDTA PR bt % 4b
BB e 9 10° CFU/mL, B A I L AR TR
1: OlBIRAIE T 28 CHEFRAHESE SR, fEM1h
JE 100 pL WL AW W PBS #E4T 10
A B0 FE B I U A S B, 28 °C 1 R 40 v IS 55
552 RHEAT IR 14K
1.7 MODaEaHREXLR

BE £ ) 2 DUAR 59 A 2 it XU X i Ak
W2, A Al K2 K 7 S 8 % 1 5 i
TR . MR W T 45 58 1 PBS A4 K
ZEXHCE R G K R Ve 2 G E Tk
& o RS R Y 2 BE T B G B AR 4 I
BEOBEE 6 N IFHWE B4 10 RIS M, R 10
p Lo [FI AV S PBS ZHAE 28 O IR, 3 i s e 20 1Y
BE I £0 75 BE 1T 7/ B 8% e BT R T R A 43 iR
HAE 6 N BE BRI VA A0 360 7P L 20 min Ji5 455 9
W ST U i B T oK R B s . R S S
PBS I 041 Ry 2s (A% AL . T A BT 5 i B e I R4k
WEE 14 d, i 3% %E - 0 95, R H Karber ¥ i &
LD,
1.8 HaWHLE

RIS B (KB 20410 g fKK 8~10 cm)
W) F1 I G ALK T B R £ 5 A R b, T A rh Rl KA
K= IR FE 1R S AT IO SR, A R R
H12.0X10" CFU/R ., &Y 24 h )5, fff i) 76 )5 B
[N S KR NY= = A 71 79 S = (4 A
A 1 mL /9 PBS, fif FHAF B 5 0F 55 20 20 4K 15 B 77
W VR AT A AT B VR TR B R TS R s AL A
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21 BEKFHBEBEENAS RS envZiompR EEE

SR AenvZiompR HR&EHEM &

X REK BN E ZY AHT2 4 4 5 434t
KIL envZ /ompR W [RIIE ¥ 5, % HAiw 24 N envZ/
ompR (BFW97_22565/ BFW97_22560), N if—
WIS envZ /ompR T GE ., 18 1 [ 5 H 4 kA4 en-
vZ /om pR XL A il 2K Bk, i o B AR 51 4 (PL/
PHPCR 444, B £ RI3K 45 3 080 bp =4, AenvZ/
ompR F*¥)h 1 205 bp, il i 3 K A EH 5 P (P5/
P6)PCR " 14, B 4= A 3k 13 535 bp /= W), AenvZ/
ompR TCXF L i BE PR L T i ARk AR 1 3 7= 4y, 45 SR 1
S5 — 8., £ W AenoZ /ompR Bl 5 KR H AL )
(B 2),

VKA 1.3 HEFAER ZYAHT2 9787 UK 2,4 BRI envZ/
ompR Y1) UKGH 1.2 5191 085149 P1/P4,YKiE 3.4 519N
514 P5/P6. Lanes 1 and 3 are the amplified products of wild-type
ZYAH72,lanes 2 and 4 are the amplified products of AenvZ/ompR ,
the primers of lanes 1 and 2 are P1/P4,and the primers of lanes 3,4
are P5/P6.

B 2 AenvZ/ompR &5 # PCR I&iE
Fig.2 PCR verification of mutant strain AenvZ/ompR

22 WA 4 &% EnvZ/OmpR X ompF #1 ompC
ERERIFE

B W 90 85 R BOR, 7ER B (0,250
NaCD %5 (1.00 % NaCD #1555 (2.00% NaCDLB
B FRFA AenvZ /ompR 5B A dk A Kl T B 3
PE2E S (E 3) . X RUE ompF Flom pC K H 5 55K
S A 0 25 2R s B AR B RR AR IR (0,250
NaCD 248 %18 (1.00% NaCD & AF T ompF 15
K AT 64.6% s envZ/ompR WK )G s ompF
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ARG K P B3 a4 e B (2.00%

B (1.00% NaCh &M EE T 48.2% , 1 envZ/om-

NaCD &4 F B 4= BB Bk ompC I FE SR K85 pR 8RR )G compC 1 L8 £k 9 B 90 (& 5)

1.5 A 1.5¢ B 1.5- C
1.2 L] 1.2}
£ 0.9 oot - so0of
5 0.6 S 0.6+ S 0.6}
04 — ZYAHT2 0.3l — ZYAHT2 0.3k — ZYAHT2
- --=AenvZiompR - --=AenvZlompR --=-AenvZlompR
0'(\0 3 6 9 12 15 18 21 24 0-05 3 6 9 12 15 18 21 24 0'00 3 6 9 1215 18 21 24
[5}1E]/h Time [} 1E]/h Time [} 1E]/h Time
A:0.25% NaCl; B:1.00% NaCl; C:2.00% NaCl.
B3 HEEARR NaCl RESH IBERZHTHERKML
Fig.3 Growth curve of bacteria cultured in LB medium with different NaCl concentration
2.0 JEIE B RE 7 B BFAE BN 9 19.9% (& 6) . B Ab,
g ;:YAHZ/n . hok AenvZ /ompR TEPLAE T G0 5 15 Bk 7 1t 3 B B
@ envZ/omp. e = ETRNS
£ o1sk fa, BPAERESREMA2MPEE 1.0 h J5 ., 41 # 4 &
2 NEGGTEE R 3.82 4%, T AenvZ /ompR # ¥ 1l 4>
= i ek
< or MARAG.HE 1.0 h J5 W2 ARG E R
:z 90.1% (& 7), F W envZ/ompR BRI 5, 4 H Bl 4
W 0.5+ . e
R A& Vi e 35 F
E
]
0.0 L L L
1.00 2.00 0.25 kool
NaClJfi /3 %/% NaCl concentration
0.15F
B4 ompF FEARE NaCl REHH LB EFEHTHERKT ]
Fig.4 Transcription level of ompF under different 5 0.10
NaCl concentration LB culture conditions <
— 0.05F
_ 2.0 Il /YAH72
g CJAenvZ/ompR .
£ o5 0.00 T
p 5k ZYAH72 AenvZ/ompR
.z falolol ¥k Strain
o
< 1.0~
J?; 6 R B BE J144
;«;' Fig.6 Biofilm formation test
_’5\? 0.5
= 600
= Il /YAH72 .
0-0—"00 2.00 0.25 i A envZ/ompR
NaClJifi 73 %0/% NaCl concentration ;;‘ i: 400k
oz
B 5 ompC AR NaCl RESNH LBEFEETHHERKTE ®Z
Fig.5 Transcription level of ompC under different jif 200
&—E 50 ~
NaCl concentration LB culture conditions & § N
23 WS R % EnvZ/OmpR ERE K S BEE £ Y E - ﬁ ﬁ
Ry . s | 1
% BE 2 A AN 4 i R 45 S A9 4E B 0 0 I
ST S G A A R A B A R L R AL HE/ Time
Y145 F B EnvZ/OmpR & 75 5 15 1 K 0 1 /1 TR MR R
Fig.7 Capacity of anti-whole blood Killing assay

Yy BRI S A2 L 25 R R AenvZ JompR B HE W) 9k
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24 XA FE% EnvZ/OmpR 7 RE 7Kk 5 8 B 5 B
TP HIER

TiE LD £ VA 5 30 9 2R W, I U e O X

T .AenvZ /ompR W) LDs, AHB B A FI B K T 1,80

o M AE BN &Y 7 2T, AenvZ fompR ) LDy, #H

BHP AR T 4.80 £ (3R 2) . ik — 2D A BT A A

%2

Table 2

5 AenvZ /ompR &Y J5 3 B AE B P HIE 2 2038 R
wmIMES.GRERERES, AenvZ /ompR )
R U B AE AR B 5.5 Y0 s TEAR T A, AenvZ /
ompR MR H AU BFAE /R Y 11.3 %0 783k B A 41
o BF AR B E B 10° CFU/ g, i AenvZ /ompR [#)
HE N 0K 8).,

HOBREER

Zebrafish challenge results

BE 0B {5 /8 e Zebrafish wound infection

BE b £ R B L # Zebrafish injection challenge

ZYAHT72 AenvZ/ompR ZYAH72 AenvZ/ompR
B A ST H Yo 7 JETEH TR ) 1 ST EH B A ST H
Dose/CFU Deaths Dose/CFU Deaths Dose/CFU Deaths Dose/CFU Deaths
0.97 X107 10 1.16 X107 10 0.98 X108 10 0.86 106 10
0.97 X106 9 1.16 X10° 8 0.98X10° 9 0.8610° 8
0.97 X10° 9 1.16 X10° 5 0.98X10* 7 0.86X10* 9
0.97 X 10* 2 1.16 X 10* 2 0.98 X103 4 0.86X10° 0
0.97X10° 1 1.16 X10° 0 0.98 X102 0 0.86 102 1
0.97 X102 0 1.16 X102 0 0.98 10! 5 0.86 X101 0
LD;(; :2./1’1>< 10'1 14D3u:1.17>< 103 LDao :3.02>< 10‘* LDsu :5.’11>< 10:"
oy AHT2 A emvZiompR 25 XMA4% F% EnvZ/OmpR X FI2 #1440 b & F
— ik
T - K BB
k
_ 3 S A R R 0 JLIE R TNF-o M TL-6 19 5%
=
z SEAKEAr 5 B VE T 154.6 £5 1 84.5 %, 1 AenvZ/
% om pR YL 2H PR IE rhr, bR AR AR 4 M IR 1o SR
r ik, ERAE RO N 107.8 F5 A 5.6 17 5 78 AT B
0 . , , PERRIBEY R TNF-o il TL-6 9% 5 K723 59 198 T
U K 45 (37 (~r RN > (7
Spleen Head kidney Kidney 115'6 1':' *l] 1020 1':' ’ mﬂ%ﬁkgﬁgﬁfﬂ{ljﬂ 526 1':'

ZH41 Tissue
B8 EaALAHEE

Fig.8 Bacterial loads in grass carp tissues

24,6 £5 (I 9) . b 245 S U0 B B A BRI G SRR
5 B A 3R F A RAE RV L 1 envZ fompR FE ik
RGFEAR T RAE S A2 B

c A o B - C
2 2 200 2 - 7y
7 220 . ZYAH72 7 . ZYAHT72 z 200 B ZYAH72
£ I3 <
? 200 |- A envZ/ompR % 150 A envZ/ompR ;_ ol _ DIAemz/ompk
= 150 - 2
K < 100 = 100p
= 100 = =
= I I
50 5 30 X S0F
® ® ®
0 = 0 = 0
¥ TNF- a IL-6 E TNF- o IL-6 ES TNF- o 6
2 4 4 i fra e 7 2 4 4 el Hra e 7 i 5 A D e 28 DR

Pro-inflammatory cytokine P

ro-inflammatory cytokine

Pro-inflammatory cytokine

AP BB C:HFAE. A:Spleen; B:Kidney; C:Liver.

9
Fig.9

3 i #

H 20 Hh22 80 AF QS . P& A B B 19 3L 47 9

EaEXAEGEETFHENKREE

Relative expression of pro-inflammatory cytokine of grass carp

2y A BROK P FR B B T M M A T RN I
IR T A IO AL — B LR AR Rl Y AT 5 A
Mo A BT R UE L X, R ZYAHT72 (NZ _



166

o Al R R R

540

CP016989.1) # ¥k BFW97 _22565/ BFW97 _ 22560
HHM AN envZ/ompR , WLIIH) £ T K H B Bk
AenvZ [ompR I 0108 Tz LK Ui RE .

R 45 T G 38k 43 B 4 0 XL AL 4> R 48 EnvZ/OmpR
A REFNE 5 W30 A G SR, 5200 45 5 R ik pR s
75 a8 B8 AR A TR B3 . e L T RE 0 &
ZYAHT72 FE 4 rp3EAg 4 %F X443 35 KRB 8 i
A W envZ /ompR FHe T 2K T J5 ol 34 45
AL T EnvZ/OmpR B @& MA K IhAE. N T
I E X NS AR L qRT-PCR B 7 46 T F i
B AR AR G 7 1 kA b, 5 R BOR RS K
TLAMNESLE A FE K ompF 52 W4 5 & 4 EnvZ/
OmpR V¥ s K 8 L i 858 400 T AL &
FIEE ompC 32 WA 53 7 48 EnvZ/OmpR ] #5854
A RE BH . RS 5 R PO 5 R
4t EnvZ/OmpR Xt F TR 110 #5251 — 5
FHIRE K S M h EnvZ/OmpR 58 3% W38
ARG BB SR AE ZY AHT2 B bk TR AR oAb Y fig
ALY WL 43 F2 55 3% S8 WL 43 Z2 5 Al B A
HLA R P L B AT T i — 2SR

W0k 55 A T B A 2R R O T DA O
AR A AT LI Sk 0 B X S G 5 L A SR A A 2
AT Z AT BB SE K B K SR QseB/C
XU 53 22 G5 0E 1) 895 1K I BT 2l 5 I3 1 R 67 1) 3R
AR I T B 5 e 20 B RE 1D AR E SR R B
M7 R 55 EnvZ/OmpR 1F P8 35 58 7K PR A A 40
I A4 T8 BRI BT I TR A A3 R T o

R EH, M2 AN E EnvZ/OmpR W4 4 &
SRRy A 1B E AR Y . A R AT A
ERGE TR ompF 1 ompC HLHE K P A4 H 1Y
SEA L REBERE ) M dE A R AFRIME T
AenvZ/ompR HIFE D A LD, , & P08 I B gL I Gl 2%
PREE )R A bR 3 ) 25 0P R B . R i 1 47 Jak e
ZE RGN AenvZ /ompR T J1E W B T 28 EnvZ/
OmpR 7ERg K5 M B el B2 06 11 1) & B RV 1
WFEEEEH . ik — 50 UE X — 2518, A fa A
TR RIRG I T 4 23R 1R o, Aenv’Z/omp R JBRYL Fi
Ji 45 W21 110 2 T e A b T BB A e 3 PR ARG, R B En-
vZ/OmpR & F 40 1 1) 4> B {2 28 68 J1 . 76 SLBR A4 ™
w0 AR 3 45 10 SR R KA B TR R R AR
—, WIERATE LI, AenvZ /ompR JEY 5 E 115 £
R AN 7 TNF-a F1 11-6 Fik g8 /0, i 2%
PEANI PR 7 7= 2 2 SR S B A B I B R

FETC. Wi, ERET R AenvZ/ompR B 1 HY
LR —EL

5 LRI AR T MK R XA ) AR
4t EnvZ/OmpR I AE, & SIS 500 )5 5 5 W0
Z: 5P YIROBIE i AR S0R i R R 16 R
N ARG B A 45 AR X — S5 2R A e K
P T O A R AL A BIF S B BE R A

£ % Hk References

(1] EHam , 2% 0 e w8 K SN o Y o o 20 e [ ). R e VLA B4
2015(2) :142-146.JIANG Y L, LI L L.Research progress on Aero-
monas hydrophila[ ]]. Heilongjiang agricultural sciences,2015(2):
142-146(in Chinese with English abstract).

(2] A7 B2 g K o i A =l O A 1 T 50 % i 1 i) B SRR (D .
M AT M Ak K%, 2012.FU L X.Generation and evaluation of
Aeromonas hydrophila plasmid-independent ghost vaccine [ D ].
Nanjing: Nanjing Agricultural University, 2012 (in Chinese with
English abstract).

(3] fitt AR wg K B0 N T AR 28 L R HG i A 3 1 Bl A AT 5K [ DL 19
B A K24, 2002.CHU W H. Invasion mechanism and ex-
tracellular protease of Aeromonas hydrophila[ D].Nanjing: Nanjing
Agricultural University,2002(in Chinese with English abstract).

(4] P ik m K 0B L v AT Mk ke TR 2L AR5 A B B ) A G i IR B 5
[D.F 5 B HAR L K % . 2015. PANG M D.Genomic characteris-
tics and virulence-associated genes analysis of Aeromonas hy-
drophila [ D]. Nanjing: Nanjing Agricultural University, 2015 (in
Chinese with English abstract).

[5] FADL A A,GALINDO C L,SHA J,et al.Deletion of the genes en-
coding the type III secretion system and cytotoxic enterotoxin alters
host responses to Aeromonas hydrophila infection[ ] ]. Microbial
pathogenesis, 2006 ,40(5) : 198-210.

(6] Z=ikify. FE)II, B M. Y5 115 PhoP-PhoQ MUAL 4y % S 15 5 i i L
L5 32 JRe LT AR T By PR 2%, 2017, 44.(22) . 4168-4170,4180. L1
Y Y,WANG C,TANG T.Research progress on the signal response
mechanism of Salmonella PhopPhoq bi-component system [ ] ].
Modern preventive medicine, 2017, 44 (22): 4168-4170, 4180 (in
Chinese with English abstract).

[7] ZHENG CK,LI L Z,GE H J.et al.Role of two-component regula-
tory systems in the virulence of Streptococcus suis[J].Microbiologi-
cal research,2018,214.123-128.

[8] WANG L C,MORGAN L K.GODAKUMBURA P,et al. The in-
ner membrane histidine kinase EnvZ senses osmolality via helix-coil
transitions in the cytoplasm[J]. The EMBO journal ,2012,31(11):
2648-2659.

[9] TIPTON K A,RATHER P N.An ompR-envZ two-component sys-
tem ortholog regulates phase variation, osmotic tolerance, motility,
and virulence in Acinetobacter baumannii strain AB5075[ J/OL].
Journal of bacteriology,2017,199(3) :e00705-16[ 2021-03-16]. ht-
tps://doi.org/10.1128/1B.00705-16.

[10] HEJAIR H M A,ZHU Y C,MA ] L,et al.Functional role of

ompF and ompC porins in pathogenesis of avian pathogenic



% 6 1 SR S K SN UL A R SE EnvZ/OmpR B AEHR 5T 167

Escherichia coli[J].Microbial pathogenesis,2017,107:29-37. tion in Escherichia coli []J]. Journal of biological chemistry,
[11] LIVAK K J,SCHMITTGEN T D.Analysis of relative gene ex- 2002,277(27) :24155-24161.

pression data using real-time quantitative PCR and the 27227 [15] HAUSSLER S.FUQUA C.Biofilms 2012: new discoveries and

method[ ] ].Methods,2001,25(4) :402-408. significant wrinkles in a dynamic field[J].Journal of bacteriolo-
[12] BiEs, SR B, 22 F 9 5 R B0t & R H O R iR (1] P E gy»2013,195(13) :2947-2958.

L B2 22,2009, 36 (6) : 507-508,511.GU B, ZHANG Z,L1' Y [16] VENKATESAN N.PERUMAL G,DOBLE M.Bacterial resist-

P,et al. Summary of median lethal dose and its calculation ance in biofilm-associated bacteria [ ] ]. Future microbiology,

methods[ ] J. China occupational medicine, 2009, 36 (6); 507- 2015,10(11):1743-1750.

508,511 (in Chinese with English abstract). [17] HEUMANN A, ASSIFAOUI A,DA SILVA BARREIRA D,et
[ 137 Fali 7P B30 1 W 7 /B i B B e 3 e s 2 3R (] K 2 24 4l al. Intestinal release of biofilm-like microcolonies encased in

1992, 16 (3): 282-288. LU C P. Pathogenic Aeromonas hy- calcium-pectinate beads increases probiotic properties of Lacti-

drophila and the fish diseases caused by it[J].Journal of fisher- caseibacillus paracasei [ J/OLJ]. NPJ biofilms and microbi-

ies of China,1992,16(3):282-288(in Chinese). omes, 2020, 6: 44 [ 2021-03-16 ]. https://doi. org/10. 1038/
[147 CAT S J,INOUYE M.EnvZ-OmpR interaction and osmoregula- s41522-020-00159-3.

Functional analysis of two component systems (TCS)
EnvZ/OmpR in Aeromonas hydrophila
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3.Guangdong Laboratory for Lingnan Modern Agriculture ,Guangzhou 510642 ,China
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Abstract To explore the regulatory function of the two-component system (TCS) in Aeromonas
hydrophila , envZ and ompR genes were knocked out via homologous recombination. In wvitro, the
growth of each strain under different salt concentration stress was tested,the biofilm formation capacity
of each strain was compared via the crystal violet staining test,and the resistance to fish blood killing
was examined via whole blood killing assay. In wvivo,LDs,of each strain was calculated by infecting ze-
brafish, the systemic invasive ability of each strain in grass carp was compared,and the transcription lev-
els of proinflammatory cytokines were measured by quantitative PCR. The results showed that the
AenvZ /ompR growth did not show significant differences at different salt concentrations in vitro. How-
ever,with the deletion of envZ /ompR ,the transcription levels of the downstream genes ompF and ompC
were significantly affected. AenvZ /ompR also showed a significant decrease in biofilm formation and re-
sistance to fish whole blood killing compared with the wild type. In the zebrafish scratch infection mod-
el,the LD;of AenvZ /ompR increased 4.8-fold compared to the wild type,indicating reduced virulence. In
the AenvZ /ompR-infected grass carp, the systemic spreading ability of AenvZ/ompR was significantly
weaken,and the transcript levels of pro-inflammatory factors TNF-a and IL-6 were significantly reduced
in the spleen,head-kidney,and kidney. Taken together,the above results indicated that the TCS EnvZ/
OmpR involved in response to osmotic stress,in the regulation of biofilm formation and in pathogenic
processes,especially in the systemic diffusion process in the host.

Keywords Aeromonas hydrophila; TCS EnvZ/OmpR; salt stress; biofilm; pathogenicity; zebra
fish; grass carp
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