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rpoS X825 E MHK3 ¥k Hep Rik
MRBEBE BRI

EAEY F AT 2EET OB BV HEAM EmZ DY
(1. PEREERFEREEMYRE IR HFY  266003; 2. FEKZRIEPIEBEEE K0 ROl ARk 5B K 5554
REREMAEEE FHIEEAESHEARSERLREGEAVASEY - BB E=E IR H#S
266071; 3. MEVEVERF=THFEDIREE W = 572000
4. FHFEFERFAKTRIFE R R LR B RGP B 201306)

WE A F LT E A Hep) i A ko ik & < B ik R (TOSS)ATE 3 ik B9  Z4F/E. RNA
RAH N o L RpoS 5 5/ T 408 By A& KA R R B, T 4K % RpoS Xt €8 9L H (Vibrio anguillarum)
T6SS R =, AHFEMET MHK3ArpoS BA+k, B T 3ok A BENEN; FIA lacZ #
AAEH B R E L EARN T RAE M hepl F hep2 78 % FKF 8% b 34T Western blot 7 € & 4 &
T Hep BEEAXTFHEMA; FEAIFEFRERON T RERAFTEANE. ERET,
MHK3ArpoS BRI A K FI ., sttt ViRBEE MR BE&Z afiE S MHK3 5 &AL BB #
= (P>0.05), T1-F & F 8 8 & W 6k 7 A B2 EFH(P<0.05); £ & 4 K B, MHK3ArpoS #] hepl
A hep2 FE %% FKTF R EEHR MHK3 A £ & FF(P<0.01), & & 24 % MHK3 B 1.79 & 50
1.94 f&; ZEF KT L, MHK3ArmpoS 7£ Ji A0 g 4 Hep 8y 2 38 1 % F+ 5 (P<0.05), % & B 2
A % MHK3 By 1.59 &40 1.31 1F; E#, MHK3ArpoS 3 & i ¥ % (Escherichia coli) E5 Wy 7% 8 ¢
#1 % MHK3 t 1%, #F% %W, rpoS #H#25H MHK3 AR o0 & KB UL, wkah M. A BB 08 M Rk
EEEMERLEERAEER, EXTaREHNEEL KD EH — N fOREER, &% TmEE
AF 84 Hep Wk, MAEREE A L, oS KE—FWIEEEER., LA ERE X H
NEFHEEES Hop WRIAMPWE EAM K, KR A —F 9 T6SS oy EHLH X HAF 8y
FEERANGRET FEE, HE5 7 HE LA,

KA 9L H ; rpoS; Hep; T6SS; RH
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YH TR 0] S0 SR BE SO S HEAT ) 0T 0k 2 ot 2R
73 W6 3 G 5 e s 2 1 SR o e =2 TR P 4 A
(GHTERH 6 FhiE 140k R St (Holland, 2010), J
Hr, VISR R GE(T6SS) T 2006 4F 1 U 7E 8 ALIR A
(Vibrio cholerae)™ /% Bi.(Pukatzki et al, 2006), HZhy
KA TFEIE B T4 WK (Boyer et al, 2009), J 217
TEF AR E . T6SS ML H 41kAE ARl 4H
W AR 22 5, (HHAB LA Y h 2 13 MERA
B, ML “TEGT R BB LS (Aksyuk et al,
2009). Hrr, ¥R I A (Hep) 5 802 R - H 2
MREEEN G (VG T6SS Mzt HEH, Wi
T6SS WrMhEE, EAVER “Hitds” fErde, nf
) 2 B 2 ) 240 B, A S50 A 1 R A 4 i
FBl PR35 rh (Pukatzki er al, 2009), LLSZEL T6SS 7E4
Ml E) 75 4 (Pukatzki et al, 2009; Dana et al, 2010;
Basler et al, 2013; Hood, 2010). 5 H:Al 40 A1 H.AE
FH B A B PREE N M R I AR AR AR A5 T fig
(Aschtgen et al, 2008; Weber ef al, 2009; Schwarz et al,
2010; Murdoch et al, 2011), K t, Hep 5 VerG A%
WK T T6SS Je i K45 T YIHE . T6SS UIfEi &
FEZ 2R N R, AR LT | %5 R R GE
(quorum sensing, QS). £k . o K. FREEHF MR
Eh(Hsu et al, 2009; Sheng et al, 2012; Casabona et al,
2013; Salomon et al, 2013; Burtnick et al, 2013; Shao
etal, 2014; EWEHL, 2017)5,

82N E (Vibrio anguillarum) 47T 2 FhifE R85
t, Rl e 2R AE YR R R —, B,

T IO AS [ BT A R A AR AL . B R
P, SRR RS, RpoS 25K 17 8 I 1Y) B I
TANAE S P &% $54E Fi (Croxatto et al, 2002; Buch et al,
2003; Weber et al, 2008), #H—F58 KB, T6SS 1
P BN B 1 QS IR ¥ 2 i & A (Weber et al,
2009). FRATE i A LT A0 E F AT, REA
[F] P 5 51 o TR PR A AE A [R) 95 LY T6SS. b, 3w
Bk M3 R BA 2 & T6SS, 2B or i 1e G ok
I Aok 0 F(Li, 2013), TidEE0Rk MHK3 {X7E
e k1T A 1 & T6SS. 18 M3 [N A A A6
%] Hep (Li, 2013); AHJZ, 7E MHK3 %l A i 783
AR 3] Hep, FH &I Hep WY s2 0 MHK3 X} H
Al 40 T 9 A3 T T J1(Tang, 2016), DL E R BB, AN[H
BE A R PRTE T6SS MR A MIItE L FAFEZE S . rpoS
i RpoS 1, XM o8, & RNA B4R o WA,
MR T, A A RO N
%% 5 T BAE ] (Tian er al, 2008), WIS R, 76 KT
W (Escherichia coli)FEHZHH, 23%IFFEF 32 %] RpoS
R 45 (Wong et al, 2017), 7 8 G MBS 4% BB /R 7%
K B (Yersinia pseudotuberculosis)®, RpoS &5 7T
T6SS 14 (Weber et al, 2009; Guan et al, 2015), K
T B RpoS J& S 5 IR T6SS kik, &
WFFEHIEE T 689K MHK3 Y rpoS 58750k, Kl 1%
TSR B FERUVERNE K FE Hep 7E%%5 R AEIIFKF F Y
FIREOL, IR TIRRBR R ETEY, Dt —%
INH rpoS F RN K 885 T6SS FEFRBEIE I iy
FEFIHL

R 1 SKIGETAMERIEA
Tab.1 The strains and plasmids used in this study

B R RN B S
Characteristics

Strains and plasmids

AR

Source

MHK3
MHK3ArpoS

MHK3lacZ::heplArpoS MHK3ArpoS with lacZ fusion into upstream of Acpl, Amp', Km"
MHK3/lacZ::hep2ArpoS  MHK3ArpoS with lacZ fusion into upstream of Acp2, Amp', Km"

Wild-type V. anguillarum strain, Amp’, Km®, Cm®
MHK3 rpoS mutant with deletion from 25 bp to 859 bp, Amp’, Km®’, Cm* ZR#}f5% This study

7525655 Lab collection

ARG This study
ZAWF5T This study

MHK3 lacZ::hcpl MHK3 with /acZ fusion into upstream of Acpl, Amp", Km" JH#:(2016)
MHK3 lacZ:: hep?2 MHK3 with lacZ fusion into upstream of hcp2, Amp", Km" JEE(2016)
DHS5a Escherichia coli, f80dlacZ DM15 recAl endAl gyr496 KA
relAl thi-1 hsdR17 (ry my ) supE44 Taihe Biotechnology
deoR A (lacZYA-argF)UI169
SM10(Apir) E. coli, thi-1 thr leu tonA lacY supE recA-Rp4-2-Tc-Mu Km" Apir Miller %5(1988)
S17-1(Apir) E. coli, Tp" Sm" recA, thi pro hsdR" M RP4:2-Tc:Mu:Km Tn7lpir Simon %%(1983)
MC1061(Apir) E. coli, thi thr-1 leu6 proA2 his-4 argE2 lacY1 galK2 arald xyl5 supE44 Jpir Rubirés %(1997)
E5 E. coli, Rif", Amp* AN S5 28 Lab collection
pRE112 pGp704 suicide plasmid, oriT, oriV, sacB, Cm" Edwards %5(1998)

pVIK112 Plasmid with lacZ reporter, Km'

Kalogeraki (1997)
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F/NEZ: rpoS X8I MHKS3 tk Hep ik FI AR AE 1 AU 127

1 #wREFE
1.1 ##

111 HAk RIS R At 7S S5 B A P ) TR
FRATORL B A S5 B LR 1. KIBFFE 8 32560
LB, 354010 37°C. 150 r/min; B89N 1Y 1% 57 ik
i TSB I TSA, 53240 28°C . 150 t/min; RH
SEIG T RS R R 3% NaCl 4 LB 55555k, A4 52
R, BEREPRINMMTERRE SN AT R
(Cm) 10 pg/mL . 2N % &K (Amp) 50 pg/mL. R
# % (Km) 50 pg/mL . F4%F-(Rif) 200 pg/mL.

1.1.2 23X A fo L2 Taq W . B4 P9 D1 A
T4 M4 ) TaKaRa; 5ok 4 HG ) & R [l )i
R & H OMEGA; J% B [# & W Ml ONPG
(o-nitrophenyl-B-D-galactopyranoside)ll H Solarbio 2%
Al 2% B IR I A A st R BRI KRBT Hep it
WAA L E R/ H &, DEPT RNAP I H Santa
Cruz ~Hl, BHAREE B bric it E50/N R 1gG
IEPLR B 1gG W H A2 &4 o AW a5 5746 16 A
g —1E IR B 0L A 75 E Eppendorf /A R, PCR
100 A 35 [ Life A= 98w\), AR . LA A 26 [H
Bio-Rad /A ] .

1.2 MHK3ArpoS R ka3

i i3 Overlap PCR (Ho et al, 1989)3f45 rpoS F:[H
B A Bt DrpoS, 8K J5 8 13 — YR R B 41 55 (0 toole
et al, 1997)3f45 ArpoS 275 4%, It S 19 L3 2.1 5,
Ph MHK3 %K 20 DNA Mt , 11514 MHK3-rpoS-
dele-for/MHK3-rpoS-int-rev I MHK3-rpoS-int-for/MHK3-
rpoS-dele-rev 435l iE4T PCR §" 843545 rpoS W) LI .
TR B ¥ BT UEFEEE PCR IR AR

WBER, WATIA Kpnl BEYIEA 9314 MHK3-rpos-
dele-for/rev #£17 PCR, % I FUiF[RIRE iE 4z, 15 3] 5t
2 rpoS FEHI Y 25~859 bp 1 Bt DrpoS. Fiz kBt 5
HARRL pRE112 %42, 733 pRE112 AT, Rk
I H AR B R AZ S AL SM10 Fi S17-1 T
S17-1 (pRE112-DrpoS)TE A HHAHE M, 5% KK
MHK3 #1735 905 . DL -5 55 -0 ik PH P
e, fJa Lg% MHK3-rpoS-dele-for/rev Xt FH Y 54
BEMEAT PCR, XFP=#ii iy, #aik 58748 e a2 i

1.3 MHK3 lacZ st & BRIt

Wt W lacZ 5L pVIKL12 kL, 4%
MHK3ArpoS W lacZ Bl & W ¥k : MHK3lacZ::hep1 ArpoS
N MHK3lacZ::hep2ArpoS, Lk MHK3lacZ::hcplArpoS
PR A ], L MHK3 FEH 41 DNA gt , LGy
MHK3-hcpi-lacZ-for/rev #17 PCR ¥4, k1% hepl [A)
I DNA B, #iz[RJEE DNA F B pVIK112 it
Bz, 1538 pVIKI2 EATF. HixEH FIRK
ZJRZISAN MC1061 F1 S17-1 1, S17-1 (pVIKI112-
hep DVE LG HLRTERE , S5520KH ArpoS 1 THER 5L
5, B lacZ HAZE] ArpoS B hepl WRSIFIXIR, FIH
pVIK112 #ARN-FARE: ZHhEKmiik M veke . L5
¥) MHK3-hcp1-lacZ-for/lacZ-rev X BHYEFifE#E4T PCR JF
W AN o FHELAE @ 5 s A J# T MHK3lacZ:
hep2ArpoS.

1.4 MHK3 1 MHK3ArpoS B3 2 & i

XY MHK3 F1 MHK3ArpoS f A K AB M |
RIEAS . Uk sl . MIAI 4306 B o BT B R ) 45 3 7Y
FEAESEA TR o FEAT A 4 R I s st Bfad e 5 R Y
MHK3 Fl MHK3ArpoS B & W 15 2 ODs4 nm= 0.5,
PL 11100 B9 Eu %% 45 2 %A 200 mL i TSB £ 57

x2 FHARASY
Tab.2 Primers used in this study

5149 Primers

%1 Sequences (5'~3")

MHK3-rpoS-dele-for
MHK3-rpoS-int-rev

MHK3-rpoS-int-for

MHK3-rpoS-dele-rev
MHK3-hcpl-lacZ-for
MHK3-hcpl-lacZ-rev
MHK3-hcp2-lacZ-for
MHK3-hcp2-lacZ-rev

lacZ-rev

AAGGTACCGTTGATTCAAAAGGTAAGC (Kpnl R 34 i)
GGGTTAAGTTAATTTC'ATTGCTGATACTCATAGCG
GAAATTAACTTAACCCGTG
AAGGTACCTACCTCACTTAGCCAACG
CCGGAATTCGTAATCTAAAA GGGCTTATCGTG (EcoRI I FI 1)
TGCTCTAGAGACGCGCTTTCAAGTTTAGTG (Xbal iR 1)
CCGGAATTCCGTCATCACCTTCCCGTTAGTC
TGCTCTAGAACGCGCTTTCGAGTGTAGTAGT
TTGAGGGGACGACGACAGTAT

T LR 23 S B A L)l D25

Note: The underlined are restriction enzyme cutting sites
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IR =M, BHRER 3 TAT, T 28 CRIRE:
It o FEASIRIEE (]850 5 55 F2 WA ODsag ams BEAFAT
B3 ARE S, K R R4S 1 ODsgg am BT
A, adlERihZ.

PEAT 5 5 e BT A AR, SR P A IR T e (o ik
il £ RE A o B B 7R B9 MHK3 F1 MHK3ArpoS BB
T 1000 r/min 520> 5 min, 5 F1EW )5, LG PBS
FREIETTE, A 2~4 mL 0.5%/ % _FEFEEw, T 4°C
72 30 min, B LG, FTCHE/KERRWREE, L
DA RV o P B o X B e TR L, e RO
FHUEACWE R Z WA, T 2% M B ey, Jut
1~2 min J5, HUEANW L0, o T)5 F TR IES

RIS 0.3%ZUIR 1) TSA A 58 40 7 By vk sk
TESEFN S 24 h A1 30 h vk o B EAR  DAS 1%
) 2216E Pl fd S0 IA e il 16 M, 4P IS 24 h
1 48 h BN A B Js il A28 B P LA 5 A 1% IR W 8y
P14 i 2 PP ARG U % B 1 Y 7 AR (AR T, 2009) 6
TEREFN G 48 h Rl 72 h B, 0 I A P A I TR Y B
1o e BRORME(2012) /0 5 i, i o ST i RE 0, i
H1 96 fLANMEIG FEARIE AT, 7E5552 8 h Ml 24 h
0 i M I E TR S = S K3 T (T S T Ol ]
B ARIRIEATIEE . 1%Z5 Mg e . 95% L EElita,
M7 ODsgs ymo LR SCIBFAR A 2/ E 3 1 FAT,
BT /D BURE 3 WK

1.5 B-FFHEEEEERNE

il ONPG 75 ¥ (Zheng et al, 2007)%f i J [
MHK3!lacZ::hcpl ArpoS Fl MHK 3lacZ::hcp2ArpoS 17
B-F- FLWH 175 1k A D o A 7RG 5 I BRI 1 &
ODs40nn=0.5, LA 11 100 14 Ho 51l 45 2B fif 1) TSB 1%
FRHEEH, T 28 CRIRTIEFE, BHREER 3 P17,
FERFEE 3. 6. 12, 24, 36, 72 F196 h B, Ui fE
B, 5 T BROR BE VAT 2 ODsgonm M 0.5, T B-
PFUBETT B G YE . BBk ONPG %l J il G
PR
1.6 Western blot #illl Hcp

L Western blot £l 625 % MHK3 & MHK3ArpoS
) Hep ZR3K Fl 43 WATE 0 o TR 35 77 J7 12 B HRURE B (1] [+)
1.5, ] TCA-NBRTTTE R (Beuzon et al, 1999)1 HU4H
(1) B N 2 L (ICP) F I AP 35 1 (ECP) . 10 L 25 A
mniE1T SDS-PAGE ik, W% % PVDF i, LIK
ST Hep Pl —P, SR LT AL D bm 12 ) 1L =R 40
KE IgG A =dht, AT HE A 245, Kl Hepo LA RNAP
(RNA polymerase)& FI/E RN E A NS, f

st /N BT RNAP S —t, SR i S AL W A i 1)
t2EHT /N 1gG S =90, il BECL k24 & ik
X} PVDF AT Wt . R Imagel KGR Hr4Kk
PEXT R AT 25 R T T o

L7 ME&

BEDNTA EF 4= bk MHK3 B AR HE J1(Tang et al,
2016). 4 T Wi ArpoS 7B MR W R B RE J1 & 15 32 3|52
M, DA KW AF I E5 b 8540 ffd bk 8 MHK3 #i
MHK3ArpoS WA B AE T . 5% Tang %5(2016)/ )71
HEAT A TR fl AT ) S0 ORI RS IR B RO T &
ODsyonm N 0.5, $&IREGINE « KIGATFH=4: 1 (V2 V)
() AR & R, T A S B 2 R R K ;R (MHK3+ES
M MHK3ArpoS+ES); #i M8 95 : PBS=4 : 1 Al
PBS : KAt =4 : 1 MHLBHRA R, Hssad
I 1% 3% /K & (MHK3+PBS . MHK3ArpoS+PBS il
PBS+ES) UK R K 25 uL, s54% T MLB PR |,
T 28°CHi3% 4h, HI PBS YE N &, IRSIGHEATHAE
M e, N30 E R I R 3 0 R A T TSA+Amp Al
LB+Rif AR, 5 6851 B AR AT B BS B4 . I
WIS HAT 3IREL , B LB Rk R 3 41717

2 #REHHR
2.1 EHkmHEIERAD
211 EkeiHE SLIPRIEE T DrpoS, 5ER

pRE112 HA TG, it i ik DL & S0 gt
17 ZWREEE A, % PCR Fikss 5 5748 bk i BH M
SR EAE, & 15E] rpoS FEFK) 25~879 bp
AR MHK3ArpoS 8748k . 5200 U4y 375 5
hepl F hep2 [F1JEE DNA F B, 205145 pVIK112 5
BB EA T, SRR G LR, AR
H i @ #& MHK3lacZ::hcplArpoS Hl MHK3lacZ::
hep2ArpoS

2.1.2 A KkWEKen TE TSB IG5 1E #8557
ZUEF, MEARLZIAHA ArpoS 28735 R . BG5S
B4R MHK3 ARG, GitdRemlbE ki
(Bl 1) o4 AR 5250 B RRAE 4528 K 9 B i AR Kt 34 Sl 3
EH G, BT R, WARZ RIS B 2
5(P>0.05). ULHAFEIE R BEFRAME T, rpoS JEH I ik
B M lacZ 45 5 A 4 A AR X MHK3 14574

LE R
2.1.3 w45 SHN ) FH 325 55 HL 5 2% TR K 1
RIS, A BN, ArpoS S8 78RR I 4 IR 45

FIR/NE MHK3 B A= AR A HL 34 o H B 281k, 947
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FI/NFES: rpoS ¥HEYTE MHK3 #k Hep #3k FIA% B RE 1 B 520 129

TEIEH ) P—RR RIS, ARSI 2 B
o Ui rpoS BB RS MHK3 20 i1 2544
iR A

— MHK3

---- MHK3ArpoS
—~MHK3lacZ::hcpl ArpoS
- MHK 3lacZ::hcp2ArpoS

5 10 18 25 52 96
fflE] Time/h

BT SRR A A R 2R

Fig.1 The growth curves of strains

T S6EE Absorbance ODsygum
S oo ==
SRR ®O NN

A B

1 pm 1 pm

& 2 MHK3(A) M MHK3ArpoS(B)iH & 5t i I A
Fig.2 Transmission electron micrographs of
MHK3 (A) and MHK3ArpoS (B)

2.1.4 K FHE IR B Ae B R G B E AT Sl
XT8N MHK3 B AE R ArpoS 2878 Bk 1)1k 3l
T2 . T fi it 375 VY el A0 % A 1 ks P L A A A
I AT EIR ST 45 R o, ArpoS 78 k5 MHK3
A AR Tk sh P | R R I AR S M X G
PR 2 R (P>0.05), ULPHZEBZ I MHK3 #k 1 rpoS
XFiX 3 Ffr e BRI TG f 5

2.1.5 AT AR AR A X HF A B MHK3 %
ArpoS SE7ERE B B IR B RE S 25 S e 3 iR o
TERG IR 2 8 h RIXT B I, — 35 10 TR I Wi 1 1 Tt
B PEZE S (P>0.05); T 1E 24 h BISE 4 AR, ArpoS
SRAF IR Y B BT R 7 HL B AR AR MHKS A R 1Tt
(P<0.01), UtBAZEF-&H R 689K E MHK3 H1, rpoS
XoF TR I 1 K 4 — 2 B SO o

2.2 B-FIMEHEEEANE
Xf MHK3lacZ::hepl/hep2 F1 MHK3lacZ::hepl/

6 —
[CIMHK3
g 8 MHK3ArpoS

5
g 4
g K%k
£
2
<
oL
R
2

0 24

i} 18] Time/h

K3 MHK3 & MHK3ArpoS (¥ I 18 B 7 46 )
Fig.3 Test of biofilm production of
MHK3 and MHK3ArpoS

R ZE R (P<0.01). T
** represents highly significant difference
(P<0.01). The same as below

100 A 1 MHK3/lacZ::hepl

" I MHK3lacZ::hcplArpoS
b 80 L
E
5
s 60
&l
B 40
#H
Ha
=)

0

3 6 12 24 36 72 96
&) Time/h
80 B 1 MHK3lacZ::hcp2

" [ MHK3lacZ::hcp2ArpoS
ER
5
=
1 40
iy
=
& 20

3 6 12 24 36 72 96
flE] Time/h

B4 p-FFLBl e P 45 2R

Fig.4 Results of B-galactosidase activity assay

A: MHK3lacZ::hepl 1 MHK3lacZ::hepl ArpoS 1 B-2FFLAH
FHHEMEG ; B: MHK3lacZ::hep2 #1 MHK3lacZ::hcp2ArpoS
{9 B> FUR 1 R
A: B-galactosidase activity assay of MHK3lacZ::hcpl and
MHK3lacZ::hcp1ArpoS; B: B-galactosidase activity assay of
MHK3lacZ::hep2 and MHK3lacZ::hep2 ArpoS. * represents
significant difference (P<0.05)
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hep2ArpoS AT B~ FUBH T BE I M A0 25 2L 0L (K]
4, HIE 4A W[ FH, MHK3lacZ::hepl ArpoS TER N Y
BARE A B- LA BT Y B E ST
MHK3lacZ::hepl (P<0.01), 7E 12 h il 36 h A (X %4k
KIARE A L5 1.79 5, K 4B W[ HH,
MHK3lacZ::hep2ArpoS TE#S B S B-2F ZLBE 1
TP S T MHK3lacZ::hep2 (P<0.01), 7£36 h
EREEIE, 55 1.94 15, 2] rpoS XHBYTH
MHK3 ' hepl Fl hep2 B 5% 5% & 15— E B T 3%
TEH.

Western blot il & B 7k FRIRIE

if3 Western blot £l #8251 MHK3 & MHK3ArpoS
i) Hep Hf PN ZRIB RIS 3 WG B, S5 5R IEl 5 PR o
5A MM Hep RURINZE SR, 7E 6. 12, 24, 36 il

2.3

A 3h 6h 12h 24h 36h 72h 96h
S
MHK3

anti-Hep |

anti-RNAP |

MHK3ArpoS

anti-Hcp

anti-RNAP

& 8r
= C [ MHK3
277
el
5
ENI
o
g3
=
22
g1l
51
=)
B 3 65 12 24 36 12 9%
I5f 8] Time/h
& 5

anti-RNAP |

anti-RNAP |

72 h if, MHK3 } MHK3ArpoS ¥4 Hep B E L,
FE 3 h BDXP B K mT i, 2 BRTAT Y Hep #ib# />, Bl
HME AL, Hep MEBTFR 28 THE, 7
72 h RISF- 5 AR BTGB s b o o o B SR L ]
5C, 7E 6. 12 F1 24 h (WPEUAERKH, P55 541, ArpoS
RAFKRR) Hep ik & 3% & T B 4 ¥ MHK3
(P<0.05), 24 h ik 1.59 fi5. & 5B MMM Hep
BRI 25 5, A6 6 1 12 h (W4E K140 WY Hep
B, iEERS 24 h CEEREDE, WA Hep
FRUEWA>, ) 72 f196 h CFAEARM, FiBW)LF&
MIASE) 53 W61 Hepo M5 R ILE 5D, 7E 6 f
12 h (WEUE KD, ArpoS ARk Hep s i
F i TR ERR(P<0.05), 12 h s 1.31 4%, LA 4%
T, rpoS XRTEUE KA AR 89T MHK3
() Hep & FIZRIA T4 s BAT — 8 M SRV E A

B 3h 6h 12h 24h 36h 72h 96h

anti-Hep -- - ! J

MHK3

anti-Hep m -

J MHK3ArpoS

N W A BN N

—

Jifl #NHep/Jifs FYRNAP Hep ECP/RNAP ECP
()

3 6

12

24 36
i8] Time/h

72 96

rpoS X85 MHK3 A [A A4 K i Hep 263k 15210

Fig.5 Effects of gene rpoS on the expression of Hep in different growth periods of V. anguillarum MHK3

AR C: B FRA RN Hep A & B A D: BRI A ISR I AN Hep HH 5 .
AR B (P<0.05). T A
A and C: Hcep protein content in intracellular proteins of each strain during growth period; B and D: Hep protein content in
extracellular proteins of various growth stages of strains. The same as below
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Fig.6 V. anguillarum display bactericidal activity towards E.coil ES

A SBITEEF A bk MHK3+ KPR ES; B: 885G 2825tk MHK3ArpoS+ K FF i ES
A: V. anguillarum wild-type strain MHK3+E. coli ES; B: V. anguillarum mutant MHK3ArpoS+E. coli E5
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The Effect of rpoS on Hep Expression and Bactericidal
Activity in Vibrio anguillarum MHK3

WANG Xiaolu'?, LI Jie?, LI Guiyangz, TANG Lei'?, YANG Huichao™*, MO Zhaolan">*"

(1. College of Marine Life Sciences, Ocean University of China, Qingdao, Shandong 266003, China,

2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Maricultural Organism
Disease Control, Ministry of Agriculture and Rural Affairs; Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China;

3. Sanya Ocean Institute, Ocean University of China, Sanya, Hainan 572000, China; 4. National Demonstration Center for

Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract The type VI secretion system (T6SS), a protein secretion system generally found in
gram-negative bacteria, plays an essential role in virulence, interspecific competition, and environmental
adaptability. Hemolysin-coregulated protein (Hcp), an extracellular component of T6SS, is released into
the medium and therefore may serve as a marker of a functional T6SS apparatus. RpoS, the ¢ subunit of
RNA polymerase, is involved in the regulation of bacterial growth and stress response. To explore the
regulatory effect of #poS on Vibrio anguillarum T6SS, an MHK3ArpoS mutant strain was constructed;
phenotypic changes were detected using the /acZ reporter gene to construct fusion strains and the changes
in hepl and hcp? expression at the transcriptional level were detected using the ONPG
(o-nitrophenyl-B-D-galactopyranoside) method. Western blotting was performed to quantitatively analyze
the changes in the mutant Hep expression at the translational level. The change in the bactericidal activity
of the mutant strain was detected via a bacterial antagonistic experiment. The results showed that the
growth, mobility, gelatinase activity, and caseinase activity of the MHK3ArpoS mutant strain showed no
significant difference compared with the wild-type strain MHK3 (P>0.05). The biofilm-forming ability
significantly increased at the prophase after mutation in rpoS (P<0.05). The transcriptional levels of hcp!
and Acp2 in each growth phase were significantly higher in MHK3ArpoS than in MHK3 (P<0.01), with
highest increases of 1.79-fold and 1.94-fold compared with MHK3, respectively. At the translational level,
the secretion of both intracellular and extracellular Hep in MHK3ArpoS significantly increased (P<0.05),
with highest increases of 1.59-fold and 1.31-fold, respectively. Meanwhile, the bactericidal activity of
MHK3ArpoS against Escherichia coli E5 was about 1% of MHK3. Studies have shown that 7poS has no
significant regulatory effect on some phenotypes of MHK3; however, it negatively regulates the
biofilm-forming ability at the prophase. This is different from the results of the research on V. anguillarum
M3 that posits that rpoS-mediated regulation of the same phenotype in different strains varies.
Furthermore, at the levels of transcription and translation, 7poS negatively regulates the expression of Hep;
however, it shows a positive regulatory effect on the bactericidal activity of MHK3. This indicates that the
strength of the bactericidal activity of the strain is not directly related to the expression and secretion of
Hcep. This study provides innovative ideas and enriches the theoretical basis for further elucidating the
regulatory mechanism of T6SS and T6SS-mediated bactericidal activity.
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