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MEKSEME QseC NN ER'E EARERHIEMN

a1, 2 22 = 1,2 2 syaal,2 o g 2
FWRE S, BES, JWXCT, BRI, B, &R M

1. R AT ol 24 Be, V198 B8 214081;

2. W E KRR ST BEIR K ML 5T A, Al A A FR IR K b A R S IR B S S, YO8 8 214081

HE: QseBC J&— i3t 4775 T 4 B 1Y XA 43 V8 45 R 4 (two-component regulatory system, TCS), R8N 41 il #hFR 55
HF55, EREMEE P EHEEEZEM. 8 TR E KNG (Aeromonas hydrophila) QseC 7E R Fi Flim [
T 30 B E L B B IR E (norepinephrine, NE) KX H X RE J) BT 38 M TREIE M, ALK E & TR
B NJ-35 Btk 2245 ¥k AgseC 5 H #Mk qseC+, 87 T 76 NE 155 T B A= bk AN 58 A8 Bk R S8 7 R ik M e AR B T
R, S5 RFEW], qseC MYBIANE] T NE XK AR AL A K AE L BEAK T NE X A= 91 BEOY BLRE 71 RS 1
TR RS R AR RO B AR BOE R, MRS s . N Wi S R RS A 7 AR W R, ARSI I T g
KM QseC REMSMAIN NE, MM BRI RE 7, X4 IR R K S M 8 19 BOm HLEE X 5 18 F i AL

A RS, IO RPN B 4507 AR B A SC BE A

KR KN, QseBC WAL IR SE; LW EIRE; AgseC; R JIH T

FESES: S941 CHERARERD: A

WK SRR I AR TR L, O
ACRE 5 | 2 7K Az 3l W) 5 32 2 1 Ao i TR D Il i
(motile aecromonad septicemia, MAS), & il K=
TZ, WRETI AR NN E A0 e, a2 g
M Mg K AR TR A RO T, AR K A B
YAk T 2R AAN R R T, IR . B
4%, RYE FIRTETE FR N PO 58, 18 Al
PR & A WEgT I, A AR R EOAR T (1
P RAE . PRBE S S5 )R A TR Y B v Y 1
5t B[] BE, MILA P A9 D T T 050 - 0 1 7
FEAENMSMERGS, WM IS E, W1
AT AR AN S AR S R g Bk ™ I, R
22 WAIE S S 0 I T 110 7 0 IR R 8 B X A 3t
A5G A 2R 4 i oz AL o

TEABE D, WU R R G 2 M HNE
SHHLE, REIRAZ AN R AL, i i R

ks BHEA: 2019-06-17; 1&1T HEA: 2019-07-10.

XEHS: 1005-8737-(2020)02—-0250-10

A5 5 0L, 5 R A DG IR B % 5k, AT
Xt A A 2 DA I R, A5 LAAEAER). QseBC
MR I I RG] 2 AFTE T 2[RI v, 2
—FhE R RS, i Sperandio 2P g
1L K #F B (enterohemorrhagic Escherichia coli,
EHEC)" IR &AM . BEJS7EVF 29 Jit o o & Bt
TZREWAAAE, WRAFEYD TG (Salmonella
enterica serovar Typhimurium, Stm)*! | J8 §ifi 2% fisg
[C 74 (Edwardsiella tarda)!'™ . JR i K W ¥ &
(uropathogenic Escherichia coli, UPEC) "4 2006
4E Clarke 25U QseBC 2 %0 v 4 4 6 ik i
(histidine protein kinases, HK)QseC A Jg&Jij #1355
BE 54 F, WA KRIESY)-3(autoinducer-3, AI-3)

' I i & (epinephrine, Epi). £ H'H IR 2 (nor-
epinephrine, NE), ¥4 WG 2 I I #2 25 1 (response
regulator, RR)QseB, W% AH 5 J1 3R Rk, 5C

ESWB: /LA A AR %I4T H (BK20171152); o K 7™ Bl B 58 B % 7K il BF 58 w0 5648 BHF Ak 45 2% 5% Bl il B
(2019IBFZ08); A7l 7 A A 7 gl % 10 9% 4: 7 H (CARS-45).
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BN 5 1 2 A B ag i, 2010 4R
Moreira Z£"1 % 3 QseC 7] LIS AI-3/Epi/NE 15
S RYGE, TERINFAR N BT VDT I B Eom M
R FEE B/, 2011 4F Wang 2510 % PR 4l 2%
ffiAE [ B# (Edwardsieal la tarda) (1Y QseBC & 4i HE
PR ¥ 12 8l £F B MLEE AN LI 78530 2R 45 (type 111
secretion system, T3SS)HHICHEH Rk, Bogift
SR, QseBC R4t QseB i i3 18 15 K7 T 14 ¥
B DN Y 3R 3K 52 Wi 41 TR 3z B 5 AR W D BLZ A] 1Y)
F g,

Dong 25291 Gao P& NE figfg i E 1
VEREK ST NI-35 A&, $EEdnibsE 1.
fHJZ, QseBC MM HIERGER S 5B KL
JL P& NJ-35 X5 NE A TR0 Al iy o B, 3l 240 1 25
T ARIGHE

I, AT LA K S BMITE NI-35 SHBESRE
X5, WA AgseC, FIHEHE I
FRAATIRIME T, S0 0T B A AR S AR BR (R 444 2
I F-RIBFOARTET R 0284, A2 TIATRIEK
SRR 51 3 R EAEPLEI P SR iRk 2K

1 #Me57E%

1.1 E#k. RBRBERFZFG

g KSR TR (R R NJ-35) i R ARk K A
XK AR BB, A AR pRELI2 . HoAM KL
pVLT33, Hktk AgseC. H#Mk qseC+. KImHF
#i(Escherichia coli) S17-1 (Apir)4s ihi7As 525658
EEY A, ARSI T K K S TR R
FER AN oA IR LB A LB K5 9% 3¢ (Luria Bertani
broth)/r 5l 7E 28 “Cal 37 CHiFE, RIEHEFRT K
PIAGE B P4 R . 2N 7 % R (ampicillin,
Amp) 100 pg/mL, 4% % (chloramphenicol, Cm)
34 pg/mL, Serum-SAPI 357532 ] FAF5¢ NE %f
I 7K TN B RE T S
1.2 EERAFIMLEEHY

S FH A0 Sy v K RS I 5 e iR K ALY A
ST H L B SR S 50 £ 4 1) B M) AT 7 £ (Oreo-
chromisc oaureus), {A#E(11.1£0.5) g, LB K533k
W4 H 95 E Oxoid 23 w]; JoW BRAIK A #5 2 iG 4F 1
& (fetal bovine serum, FBS)I [ At Kbt E P #E

He AR BREIPEAN DI Kpn I, Xma 1,
Xbal 5 Hind 111 g [ FE Bk QR ARl . 4l 5L
2 DNA fili #2050 &0 B A= T A TR (i) ey
ARRA A, HI AR H S LR E (norepineph-
rine bitartrate)ll H Aladdin 23 H] .

1.3 AgseC EREPRFI B AMRRU T 22

1.3.1 EHBRFAMEE RIEE KL
NJ-35 %:[H4H (GenBank J#4%5: CP006870.1)H
qseC K K H 3 7 51 8 11 Wi %51 4 gseC AF Fil
gseC AR, gseC BF #1 gseC BR (% 1), Fikil A2
BB MR L 20 DNA, it PCR ¥4 4 5 4k 15
gseC AR B Be (R I v BOR S A AR )
HEX), ¥ BT B 8 PR G R AR,
K514 gseC AF il gseC BR #£17 overlap PCR,
A5 qseC JFilt [ 524E (open reading frame, ORF)
WK BB, ¥z BeS HAABURL pREL12 W]
#E47 Kpn LA Xma IAUEEY), #4565 5 H 4 A 4
JiUkL pRE-delgseC, %1k 2z 541l E. coli S17-1
(\pir), FRFGBHYETLRE E. coli S17-1 (pRE-delgseC).
132 BEEE® KHMEEHAF Ecoli S17-1
(Apir) (pRE-delgseC)fE ML bs, B A= bk NJ-35 1
HZ AW, TGS . B MAR T LB(Cm)
FFRWrh 37 CHR B 7% 208U K (ODgoo=
0.4~0.6); ZVKE T LB(Amp)iE ik b 28 CHE 3%
FEMHFEMAERRSE, W1 mL FEH#, 5000 r/min
B0 5 min J5, £ B3, AJGHU LB BERMIR, 41
HIH 100 uL Jodt LB HEFE A, Hil MR A El .
B JC T A iR £ 2 2R (nitrocellulose, NC)AENEF LB
SEAR T, K 100 pL 1R A WS FIE NC b e,
28 CHiFE 24 hJE, VET WK, #4210 {580
Ft, £ H 100 pL %45 LB (Amp + Cm)RUi F-#x,
28 CHE I 24 h,

1.3.3  HR5kHk AgseC HITHIEFIEE  PREOUBL T
M B 58 — R RIR 4+, %P T oht LB
KR, 28 CHey IR X EUE K, fF b
Vi) BT A A — R IR U T 2 5 ATV 10 17506 B T
WA T 10%EE0E0) LB SEA, PhEeh v pe R it
R4k LB (Amp + Cm). LB (Amp)F-47, 28 CH53
24 h, HEHERAEZ T ERP AR, 5500
WS4 inner F F1 inner R, #M5|4) outer F I
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outer R (& 1)iEfT PCR %58, FRAGHLK Ik AgseC.
1.3.4 EiEREMWE DIE/K IR NI-35 5
R MR, &1t 1 X514 comp F 1 comp R (%
1), #E4T PCR 9744, R1F417% qseBC F il bl 52 4E
KHEFSh TR B, Bizxh BS 9%k
pVLT33 [} 4T Xba I F1 Hind I AUEGYI, &5
AL B2 S E.coli S17-1(Apir), 345 BH
Bil% E.coli S17-1 (pVLT33-gseBC), 5 %5 7% #k
AgseC HEATHEAHH, i LB(Amp+Kan) ¥4,
RAFH FERE 519 comp F 1 comp R 4T PCR %
FE, e IE A ) B A R gseC.

xz1 ZWHAFSY
Tab.1 Primers used in this study

5|4 primer J¥51(5'-3") sequence (5'-3")
gseC AF  CCGGGGTACCGGCTTTGGTGATGACGAGAAGG

GGTTGTGGATGTCGAGATCGGCGTTGGCCTCCA
GATAACCGATG

CATCGGTTATCTGGAGGCCAACGCCGATCTCGA
CATCCACAACC

gseC BR TCCCCCCGGGGGAACAGGACATCCTTGAAACC
GGATCAGTGGCAGAAGGA
GCTCGTCCTGGTTGTAGA
TTGGTGGAAGATGATGTGAT
AGGTGTATGAGGAGTGGTT
compF CTAGTCTAGATTCTTCTACGGCGACTTC
compR CCCAAGCTTAGGTGTATGAGGAGTGGT
H: ARBGIYFIE T RILE S A TSR Kpnl, Xmal,
Xba I 5 Hind 111 L4 5

Note: The underlined portion of the primer sequence in this table is
an artificially introduced restriction site.

gseC AR

gseC BF

inner F
inner R
outer F

outer R

1.4 fRIMEK & pTE

PRHUEF A= Bk NI-35 SRk pk AgseC FRTLRE T
By LB 55553, 28 °C, 180 r/min, KGR,
5000 r/min 5.0 5 min, 3% 3, H PBS KGR
2%, HIK 10* CFU/mML (2 . 7E serum-SAPI
B FREMA 1% HE B (VIV), 2R E
10° CFU/mL. 4% %M >10° CFU/mL i}, NE
X IE KSR TR A B R AR KRR, HERR T
20 A 0 A2 A A R IS B2 52 50 s, NE 28R 3
M 100 pmol/L B, X AR A KA P e
SIS AL 100 pmol/L 1Y NE (0.01 mol/L
PBS 1ERVAH], pH 7.2~7.4), % BELH VR4 KR

PBS, 28 ‘C, 180 r/min #E %4555 72 h, %P 2 h I
7E ODgoo H
1.5 kENBENSBER AN

SIS 0.3%F1 0.5%BUIEHY serum-SAPI
S I A A TR )UK Bl RREAE R T, SE I 4 ST AR
ANLHeSEH 100 pmol/L Y NE, X P4 fn A 254k
) PBS, Kt O35 77 09 B A= bR NJ-35 Fl 2k
AgseC ] PBS 2 i 1x10° CFU/mL (8 25, B
5 uL SRR AR T g, 28 CRAE SR 48 h 5 &
WIEERZ,
1.6 SEWEREEE D

W B A bR NJ-35 Sl R bk AgseC 1557 2 X 4L
HH(ODg0p=0.6), PBS P 3 ¥, H serum-SAPI %
FRHE(F NE FUR S NE)Fi B2 5x10° CFU/mL, Bt
200 uL BT 96 fLtk, M S AN ER, 28 C
153% 48 h, 7£ Thermo ScientificMultiskan GO 5
1 600 nm 3 K A0 I 5 B i RO BE A5 N AW,
FH 300 pL JCpE PBS PE¥ 3 1K, 200 pL HIE [
15 min, ZHEE, T/ 5~10 min, FH 200 pL 45
Al R IA TR (1%, WIV)He (7, 15 min, WZEKPEG S IR,
T8 5~10 min, /5 HICK CBER#, 570 nm 3%
A 5 A T G o A P B AH RHE =D 570 (1M
1518 )/OD oo (4 T 1 1) o
1.7 FERAdEEE RN

it 1.4 1AL 1x10° CFU/mL 1Y BB, Fodl &
A 1.5%H8 A1 1% A serum-SAPI -4, 256
HANALHE R 100 pmol/L ¥ NE, %fBEZH A
SEi PBS, HUS pL 40 B B BV SRR 7 PR 1 1 h
e, B53% 48 h JE 43 0 DR VR R 6 DTOE PR B
1, UUTER S B8 B L R A 20 T B 1 B e
1.8 EAEIERLN

Fit 1.4 BB ARk NJ-35 FBLAc bk AgseC £ 2
B LY serum-SAPI BRI b B W) U He fp il
1x10> CFU/mL, S22 I 4 100 wmol/L
() NE, XF BT AR [R50 5 1) PBS, 1537 X4
11(ODg9=0.6), 4 CE5.Lr, B LW, HUERRTE, R
A1 4B A W B9 ME A1 B E (extracelluar  proteins,
ECP). Ht 150 pL ECP £ 2 mL Joid & .08, i
A 1 mL 0.3% azocasein (Tris-HC1 ZZ Wi, pH 7.5),
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37 CHEE 30 min J5, JIA 500 pL i 1) 10% —
AOTRNVN)YEICE 10 min, 21k 0, 4 C,
12000 g &5.0> 10 min, B 100 uL [ = 96 LA
Frtt, EEALAINA 100 pL 1 mol/L NaOH(H FIfiR
W), AEANEESD S ANEA, 400 nm K AR E FE
i PR OGRE
1.9 AmiEHERE
1.9.1 MFERBFMmMESH 7 serum-SAPI ;5
BRI 5%48 - M A0 (V/V), SEBR AL N A 2k
FEA 100 pumol/L fY NE, XTHEZH NN AZ: & PBS,
HISFAR . B 1x10° CFU/mL WY AWK 5 pL s,
28 CHrE B FF 48 h, M5 i LB K/
1.9.2 MmARAEMSHT KEHFEMLHMH 4 C
WA PBS Znhifi(pH 7.0)2 kY, BOFH E
HH (4 ‘C. 1000 r/min), f£8E 2L 400, H
245 pL FIRBEBR TSN E AT 2 mL B0
H, BN S pL RIS LN, 37 CIER
30 min, 5000 r/min Z.0> 10 min, L 200 uL 1§
ZRghRA D, W ODsso {H . FIMEXTHRA PBS, FHPE
XA R 1% $73E X-1000A MLIGTER 100%), I
5 Eb=(FE il ODsgo—BAEXT FE ODs40)/ FHPEXT R
ODs495
1.10 zh¥ikie

BAtag R LG, P04 dH, Bl
Ao % 12 PR fa G, RRGET 30 B fh, 360 FEfh,
KIERFE 25 Co MRYE LK ARAT 1 mg K AL
B NJ-35 FJEHEBE K B (lethal concentration 50,
LCso) 6.5x10° CFU/mL, ¥ i 1% 1% 77 09 BF 4= #k
NJ-35 i kk AgseC 4 1 : 100 8 = Hrit
LB i3k, #R¥% 1555 2 ODgoo=0.6, PBS P 3
W, EEFEBE 5%x10° CFU/mL, 4 e e 5
100 pl, PH4LVEGTET A AR NJ-35, 59 40 4 7 Sk
Jbk AgseC, 4 h i £ IR G [R) T DR A% A0 79 4 3% 3 T
PATE 1 20735 100 pL B A 100 pmol/L [ NE
W, 5 — 4L SRR PBS, DAL ZIiE 3k
Y5r 0 h, 7E 7 d W B SRS AT .
111 HiE4bE

B A SEU0 K0 ¥ Excel 2010 #E47481, LU
P (EABRE2E (X £SD)F R o LI B R H Excel

2010 5 GraphPad Prism 5 #3047 4 A Al 14,
FHBUR T e i A T80 4317 o P< 0.05 AR 22 5%
3, P<0.01 A 2= 20 3 .

2 HRESH

2.1 MEEKRSEMME NI-3SHRARTHK AqeCEE
*hER R M

ZARH R NI-35 FfHATE R E. coli S17-1
(pPRE112-qseC)& i #: G5 . MR AR A | 1E
S 05 R M ST A O R S, A5 B A R R T R Dy it
bk, T RS M AR (W B AR AR, TFilad PCR
Tk TN . DASPAERR NJ-35 Bt R BH P
XoF R, ARG 0 T AR 1 45 SR G SR 55 BH A X B A
A UL B H R SE R B BRAS BZ . WE 1 FoR, &
P IR, ARSI DR AR T 2t s e Ah s | ks,
TR P AR REF A= MR AR AR 1) DNA R Be R/ 22
2y 1 kb, ZMJFIAE, 54525 @R 1 gseC H i
[e] {52 AE PN iR e B /N TRD, 15680 gseC #8843 b Bt
BT AR, RIS ES R AgseC.

P HAMERT, 430 AP A Bk NI-35 5t
Kbk AgseC SRIHRAE by BHA: X B, 5 A0 4G I 17 A
Y I EERA IR, — 4 584 NI-35 Y
A R/PMEIE, —S 58 HR AgseC AHIA], TR
B B R IR o 28 comp F Fl comp R 54
XA 55 300 P gk, A S TR AR 5 BH PR X RE DNA
BRIV —2, BB b s (] 1B),

2.2 WEKSHBMBETE serum-SAPI $EFE f 4
KiFR

WE 2 i, 5 PBS XA L, NE AN
Y0 E A gk T B AR AR NI-35, RAERE AgseC FIH.
Mk gseCHAY A K (P<0.01),12 h Hij, 3 ¥k# 7E PBS
ZHFNE A KA I3 22 5(P>0.05); i E
24 h, 25 AR A SRR R AR B AR 1k o B AR
PR NJ-35 1A 5 2 Ttk #k AgseC (P<0.01),
HAME qseCHAYAE KA S BF A Bk NI-35 WA W
W25, UMk AgseC 1Y AR KB FE B 15 2]
[k, JXegE RFE N, NE AEIN AT LU sErg K <
UM B A, (H R qseC LR (1) i b — i A I
WS T NE X R K S P NJ-35 AR A= AR A
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%27 %

Kl 1 PCR L% ERER AgseC (A)5 H Mk gseC+ (B)
M: DL5000 marker; [§l A "kl 1.2, C1 #1 3. 4, C2 435 FREA I & 4% P9 4051 9 (inner F/R 1 outer F/R)1Y PCR K455, Ik
T 14 REFRI B R, C1RT C2 S BFA: Ak NI-35, fEMPHMEXTIR. B B ki 1. Cl1. C2 A FUARFKM Bk . BhJetk AgseC.
B AR NJ-35 119 PCR Al 4521

Fig. 1

Identification of the mutant AqseC (A) and its complementation strain qseC+ (B) by PCR

M: DL5000 marker. A: lanes 1, 2, Cl and 3, 4, C2 are PCR amplifications using two pairs of primers inner F/R and outer F/R, re-
spectively; lanes 1—4 are the strains to be detected; lanes C1 and C2 are wild-type A. hydrophila NJ-35 as positive control. B: lane 1 is
the strain to be detected; lane C1 is the mutant AqseC, lane C2 is wild-type A. hydrophila NJ-35 as positive control.

Kk

12¢
n=6; X £SD _*x* ,_lj'f *:I'T
| O PBSNI-35 ok al il
1.0 .

PBS AgseC
0.8 M PBS gseC+
I ] NENJ-35

NE AgseC

£33

04 = NEgseC+ ’_\
sk
k% l—l

& k[,
sl [!
i

*
NN - |

0 12 24 36 48 60 72
i [E]/h time

& 2 KSR AR serum-SAPT 1537 £ P Ay AR K
#*J 7R 25 S 3 (P<0.01).

Fig. 2 Growth trend of Aeromonas hydrophila in serum-SAPI medium
** indicates extremely significant difference (P<0.01).

18 A n=5; x+SD s
1.6 S %_.-]?_—1—
~ 14 ?j’f:;: 0O NJ-35
t- 1] B AgseC
-] [ gseC+

—
SN

EBHE/cm
distance migrat
(o]

e Lt
=N

NN
SIESIE'S

PBS NE
KbFR4H treatment group

2.3 NE XREKSBEREIZ 36 ST

WK 3 fi, 5 PBS XHEZHAMIEL, MK
JHU TR A R NJ-35 B2 Bk AgseC 5 B Mk gseC+
MUK ZhHE I NE L35 3400 18 3% 22 5 (P>0.05);
1£ PBS X} FEZLFN NE AbFEZH v, 3 Bk T8 3k sl BE
B WLE 22 5 (P>0.05, K 3A) K 3B Al & i,
3 BRE Z AR RE A 3 25 57 (P>0.05),
B NE A2 g K < H I NI-35 #3K 3l g
SHFEERE T, gseC AFEMRE K A NI-35 1Y
BERET] .
2.4 NE XJREKS B4R X 6L T2 m

TEFEAT 4 TR AR WY W e 71 S5 9% Z 1, A
SEIUE TAE 5x10° CFU/mL MO IR R R,

1.8 _
B n=5; x+SD

1.6 T 1
g 14 —T_/zk?*lﬁ OonNg3s | B
§B12 211 FE AgseC B
2 g, 1] 3 gseCt e
‘E‘E'él.o R ::::
%80.8 ﬁf:f:
g
ﬁ§0.6 .‘__.-/::::
g ’/-:-:
0.4 /'/::::
02 s
0 ,ﬁ:-:-

PBS NE

KbFRZH treatment group

3 NE &b B K ORI TR DK 3 BE 1 (A) FIREAE BE T (B)RY 21

Fig. 3

Swimming (A) and swarming (B) motility of the wild-type Aeromonas hydrophila NJ-35

and the mutant AgseC in the presence of NE
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NE M IMAS S84k NJ-35 58Uk AgseC
MR EEREZER . X—45RHER T NE {2
Az KA O A0 B A RO B RE 1 g . PR,
ARWFFEAE 5%10° CFU/mL IR Mk E T i 1
M EDBOE e ). B 4 Hhaf LIRS, 5
PBS XTHEAIAHIL, NE AU i 3 165 7 95 A bk
NJ-35 AL B RE 11 (P<0.01); 1EAh, TGitiE
AN NE, AqgseC 1AW IETE iR 1 3% b 2K F
HY A bR (P<0.01), T B #ME gseC+FI#h T gseC 1Y
BRI T B A ) TR BCRE T O RRAR o Y G A,
QseC 75 M /K <M NI-35 f 4= W) IR i rh & 4%
HETAEM, 1 H QseC J& NE 1% 1 4= W) I
A

35
3.0
. 25
8 20
%
&5
1.0
0.5

0

PBS. .
Qb3HLH treatment group
Kl 4 NE &b FRS W8 K SN T A W BT i A2 1k
**LIR T B 2E (P<0.01).
Fig. 4 Changes in biofilm formation of Aeromonas

hydrophila in the presence of NE
** indicate extremely significant difference (P<0.01).

2.5 NE XBEXSBMEENIESESEEER
A1)

FE H B /ODgoo

it PR T AR AR NJ-35 LK R AgseC 5 B #Mk gseC+
1) 1 J k6 14 LB 1 T M NE b PRSP0
H225(P>0.05); EXTHRZHAN NE AbBigl H, BjA:
Pk NJ-35 58k AgseC A LE, WIRKER 22 0] A5
s T 3% R BE T R G S 22 5 (P>0.05);
KW NE A2 g K M NI-35 Bg Ui 5 &
BRI 1, HLZ 0 R I S 2R I TS PR AN
% QseC HYPHHE
2.6 NE XtFE/KS B IE A M i 48 2 0m

W 6A s, TEii-FHd, 5 PBS X HEZHAH
Lb, NE RS IN530) i 2 3 0% 7 57 AR bk NJ-35 5k
2 ¥k AgseC 1Y I 7% 74 (P<0.05); 1 NE ZbHig] rh,
B HE AgseC I LTS 1 i 3 1K T BF A= Bk NJ-35
(P<0.01), H #MKk gseC+ 5 HF Ak NJ-35 A7 1L TG
PR B2 P04 3 140 1 3 i 52 56 v
(&1 6B), NE By %S I 2 14 I 1 BF A= bk NJ-35 A3
ML P (P<0.05), X Gtk AgseC WA 5
M, 76 NE AR b, SRR AgseC rY¥ I T 14
L T WA bR NJ-35(P<0.01), HAMk gseC+ 5
B AR RR NI-35 PO LGRS A B 25 5% 45 R %E
B, qseC MBI AT BB T NE XJFE 7K < H L 1A
Vs LG P Y 3 A
27 HWREER

W 7 A B L TR I IR B R fn s, Ak
TFohd Bk 2%, [NVaREE, WK 7 iR, 7E PBS
XFHRZH B A RR NI-35 S50tk AgseC 7EIEH
T 0L X2 AR M BOE R A B 255 . I NE
Ja, 51 RNIFARARIIET-F N 33.33%, Gtk
BREH N K 13.33%; 45 3~7 RN LA BA 1

0.8

n=6; X+SD

07 T B

5 06 B
% 0.5 21| O gseC+ %
2 0 ' % :
£ 03 % *
& i
0.2 ﬁ:
0.1 ,/// '

0 PBS NE. =

AbFEAH treatment group

Bl 5 NE &b B g 7K R B i 0 O 25 2 A I P ) A2

W s s, 5 PBS X R4IM L, WK R
> 1.6 n=6; x+SD
14
k3t
g 12 5 [=)NED
& 10 1| El AgseC
'S 08 21| D gseC+
o N
% 0.6
& 04
= 02
= . . 0 .
0 : :
PBS NE
KbHL treatment group
Fig. 5

Changes of lipase activity and protease activity of Aeromonas hydrophila in the presence of NE
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« n=5;xtSD
20( A 18, B
2 1.8 1.6
2z 1.6
§ 14 2 ‘E 14
212 g 12 CINJ-35
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A. The size of the hemolysis circle formed by the wild type strain NJ-35 and the mutant strain AqseC in the sheep blood plate.
B. The hemolytic activity of the extracellular protein secreted by the strains on the sheep blood cells.
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Role of sensor histidine kinase QseC of Aeromonas hydrophila in
response to norepinephrine

MENG Yuxiao' %, QIN Ting?, XI Bingwen" %, CHEN Kai*, XIE Jun"?, PAN Liangkun’

1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences; Key Laboratory of Freshwater Fisher-
ies and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs, Wuxi 214081, China

Abstract: To date, microbial endocrinology has revealed that many microorganisms have evolved specific mecha-
nisms to sense and respond to stress hormones. Catecholamine stress hormones have been demonstrated to stimu-
late bacterial growth and virulence-related gene expression. In bacteria, the QseBC two-component system is
widely used in signal transduction mechanisms, which have an important impact on bacterial virulence. In this
signaling system, the sensor histidine kinase QseC is a bacterial receptor for the host epinephrine (Epi)/norepinephrine
(NE), which activates virulence genes in response to interkingdom cross-signaling. In Aeromonas hydrophila
NJ-35, NE exhibited the strongest growth stimulation and enhanced virulence. However, it remains poorly under-
stood whether the QseBC two-component system is involved in the recognition and response process of A. hydro-
phila NJ-35 to NE. To determine whether QseC recognizes NE and regulates bacterial virulence, in this study, we
constructed a gseC gene deletion mutant of A. hydrophila NJ-35 (AgseC) and a complement strain (qseC+), which
were tested in both in vitro and in vivo toxicity under NE induction. Our data provide evidence that the
growth-promoting effect of NE on AgseC was significantly higher than that of the wild-type strain NJ-35, and the
biofilm formation ability of AgseC was remarkably decreased compared to that of the wild-type strain and com-
plement strain gseC+ (P<0.01), with or without NE. Notably, AgseC was completely deficient in the promotion of
the biofilm formation activity by NE, revealing that QseC was necessary for NE to regulate the biofilm formation
of A. hydrophila NJ-35. Additionally, the hemolytic activity of AgseC was strikingly increased (P<0.01), but still
lower than that of the wild strain NJ-35 and complement strain qseC+ caused by NE, showing that except for QseC,
NE could regulate the hemolytic activity of A. hydrophila NJ-35 through another non-QseC pathway. Furthermore,
NE can dramatically increase the mortality of the wild-type strain NJ-35 against tilapia, while the deletion of the
gseC gene inhibited the enhanced-virulence by NE. However, there were no significant differences in the motility,
lipase activity, or protease activity between the wild type strain and mutant A qseC. In conclusion, the deletion of

the gseC gene inhibited the NE-stimulated growth and virulence of A. hydrophila NJ-35, indicating that QseC
could regulate the pathogenicity of A. hydrophila by recognizing and responding to NE. It is crucial for our study
to comprehensively understand the pathogenesis of A. hydrophila and the mechanisms behind the interactions be-
tween pathogens and their hosts. This study provides the theoretical foundations for new technologies for preven-
tion and control strategies against bacterial diseases.

Key words: Aeromonas hydrophila; QseBC two-component regulatory system; norepinephrine; AqseC; virulence
Corresponding author: XIE Jun, E-mail: xiej@ffrc.cn; XI Bingwen, xibw@ffrc.cn



