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Detection of virulence factors and quorum sensing signal
molecules of aquatic bacteria from Yellow River carp
JING Ruxian ZHENG Yameng ZHANG Ning ZHANG Zhiyu LIYi"
College of Life Sciences, Henan Normal University, Xinxiang, Henan 453007, China

Abstract: [Background] Aquatic pathogens restrict the healthy development of aquaculture; quorum
sensing is closely related to the production of virulence factors. The characteristics of virulence factors
regulated by quorum sensing is worthy of further study. [Objective] To explore the relationship between
quorum sensing and bacterial diseases of Yellow River carp, and clarify the influence of quorum sensing
on the characteristics of virulence factors. [Methods] The 16S rRNA gene was sequenced and the
phylogenetic tree was constructed to determine the evolutionary status of the selected strains. The activity
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of extracellular protease was detected by skim milk plate method and azo casein method. The bacterial
biofilm forming ability was determined by crystal violet staining. The producing ability of AI-2 and AHLs
was determined by reporter strain BB170 and CV026, respectively. The effects of exogenous HSLs on
extracellular protease ability and biofilm formation ability were detected. [Results] Hafnia sp. Z11 and
Aeromonas sp. Z12 were evidenced with high levels of extracellular protease activity and biofilm
formation ability, and could secrete AHLs signal molecules, which were density dependent. High
concentration of C4-HSL and C6-HSL could increase the extracellular protease activity and biofilm
formation activity of strain Z11 and Z12, respectively. [Conclusion] High concentration of quorum
sensing factors (AHLs) can promote the extracellular protease activity of Hafnia sp. Z11 and Aeromonas
sp. Z12, suggesting that the quorum sensing of these two bacteria may affect their virulence.

Keywords: quorum sensing, Hafnia sp. Z11, Aeromonas sp. Z12, extracellular protease activity, biofilm
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FRAFICE i, B 100 pL JEHE FIFANA 100 uL

A1 20 2 FL VA (50 mmol/L pH 8.0 (1) Tris-HCl
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2.2 HEHKkAY 16S rRNA EE R ZZHLR
R THREX 6 PRSI EHAL, XL 16S
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GenBank 048 %2 DA f EzTaxon BUEFEIAT LT, 45
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Table 1 Hydrolysis circle diameter of bacterial strains
after cultured on skim milk plate for different times (mm)
Strains 24 h 48 h 72 h
LB 0 0 0
72 13.7£1.8 22.9+3.5 29.6+2.8
Z3 0 18.1£2.3 26.3+0.7
z5 0 13.5+3.1 20.2+2.9
Z8 0 13.9+0.8 18.8+0.9
Z11 0 14.8+2.1 22.5+2.6
712 0 17.24£2.3 20.9+5.6
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Table 2  Similarity comparison between the isolated
strains and part of reported strains

Bacterial Top-hit species Similarity
strains (%)

Z2 Aeromonas salmonicida subsp. 99.86

salmonicida ATCC 33658

Z3 Shewanella putrefaciens JCM 20190 98.93

Z5 Brochothrix thermosphacta DSM 20171 99.79

V4 Shewanella xiamenensis S4 98.93

Z11 Hafnia paralvei ATCC 29927 99.50
Z12 Aeromonas veronii CECT 4257 99.64

RIEWHIER Z22. 212 FITEMPMEEL)E T
HISIR , H GRS
23 BEBEARENERIMEAQEEN

SR M U AR 112200 6 RN TR Y I S 2 L R IG

AT 2RI, 25 E 2 Pron . e SR
24 hJ5F, WPk Z2 WIEANE RS i, BE S
THA 5 ARATE, X 5B A= WA I E 45
R—5, TRRR Z2 FE5 ] P AT B 55 M A
HEEGE ) BAEREA R A B B R B K
Vo BEESESRIRIAE N, Wk Z5. Z8. Z11 M
Z12 (AN G 1 R B ke, b
Pk Z11 F 212 7E555% 72 h 5 SR F S
WHE, S Z2 B W20 (P>0.05), #
Pk Z3 F1 Z8 I IS NE S T AR SR iR Yy
S TFEARACE, BLRARFHAD 4 PRANTE(P<0.05),
ML AT, TERR 22 BIMIANEE (BTG T Rom, TR PR
Z11 1 Z12 53 Mo g BE A s e g, HL
FERG SR AN AR RS 7308

91 Aeromonas sp. Z2 (MN900852)
100{ Aeromonas salmonicida subsp. salmonicida ATCC 33658 (LSGW01000109)
Haemophilus piscium CIP 106116 (JN175340)
100 {Aemmonas salmonicida subsp. masoucida NBRC 13784 (BAWQ01000150)
Aeromonas fluvialis LMG 24681 (CDBO01000064)
29 95 ———————————Aeromonas sp. 212 (MN922947)
67 Aeromonas veronii CECT 4257 (CDDK01000015)
{Aeromonas ichthiosmia DSM 6393 (X71120)
Obesumbacterium proteus DSM 2777 (CP014608)
100 {Hafnia sp. Z11 (MN922944)
83 Hafnia paralvei ATCC 29927 (LXET01000073)

Shewanella seohaensis S7-3 (GU944672)

oF — Shewanella sp. 78 (MN922943)

100 L Shewanella xiamenensis S4 (F1589031)
81 Shewanella sp. 73 (MN922948)
Shewanella hafiniensis P10 (AB205566)
Shewanella putrefaciens JICM 20190 (BALN01000043)
{Shewaneﬂa profunda DSM 15900 (FR733713)
Listeria marthii FSL S4-120 (EU545982)
100 ——————Brochothrix campestris FSL F6-1037 (AODHO01000086)

100 {Bmchothrix sp. Z5 (MN922946)
98

Brochothrix thermosphacta DSM 20171 (AODI01000055)

1 ETF 16S rRNA EE FIHE R 5 BEK S 885 8 & Pk A R Gt LR

Figure 1 Neighbour-joining tree showing the phylogenetic positions of the isolated bacterial strains based on 16S rRNA gene

sequence

TE: ARADE 1000 WERIZAER D SCR B ok HERE P RERT 60%

Note: Bootstrap values (expressed as percentages of 1 000 replications) are shown at branch points; Only bootstrap values >60% are showed
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Figure 2 Detection of extracellular protease activity with
method of azo casein method
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Z3. 75 M Z11 B34 ODsos fH 73524 1.7240.30.
1.01+0.26 #1 0.76+0.10, ¥JRBEKRT 40Dc (0.16+
0.013), KX 3 BRANE WA YT LR 1 351R
SR, HRE Z12 Y ODsos [l 0.60+£0.05, KT
20Dc H/NF 40Dc, MM BUERE 1 — M .
SR B RR Z2 T Z8 1935 ODsos (B 435124 0.21+0.02
F10.17+£0.01, HI/NT 20Dc, DEHAIk 2 R U
RE1 (B 3). HSA MANE I K RT AT,
PR Z11 1 Z12 AU MR A g Re s, i B
BRI BUBEEE S, ULRAIX 2 MRANE = RE 1 P RE
Jigcn, (HAFE 0T
2.5 Al-2 B9E

K P2 GO BB 170 K6 6 1k B A EAA R
SET A2 TR, R 4 PR, 6 MRANTE

IR ISR e 4E A BB170 406,
HApabk 211 R0 OUETEX 6 R &,
FE T HAL 5 ARANE (P<0.05). {H 25 BHM: X IE
(BB170 JCE LML, 6 PREFEITA S MR LE
AR, BEM TN IEAP<0.01), HiIL, 6 %
PR BB I AN AR 540 AL-2, {H 6 BRAHTE ™
AL-2 BT

25

koK

* %k

00595

kK

3 HYRMALRE N B E

Figure 3 Determination of biofilm forming ability
T SXHRAHLL, *: P<0.05; **: P<0.01; ***: P<0.001. FId]

Note: Compared to the control, *: P<0.05; **: P<0.01; ***:
P<0.001. The same below
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AHLs 557> TAE7Em, AHLs 43 TA LS5 F
AR R B F W SE R P A 25 A, AR R E R W
MRS A, E S PR, 448 hiE3A,
PUIRAS TRR A SN BRI, 78 6 BRI AT
PR Z11 F1 Z12 FERG SR # P BE /i AHLs 554>
T, HREOIE CV026 ARG ER, BRI
o, A 4 ARANTE G LS, DI RRR Z11 1
712 HA 4 AHLs {5 55> T-HIfE
2.7 WEAKHLZ K AHLs F=EME

WAk Z11 A Z12 3R T LB Wik R

5 #HREFRFEITRZEEED AHLs 559 F
Figure 5  Determination of AHLs parallel marking
method
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Figure 6 Growth curve and AHLs production of strains Z11 (A) and Z12 (B)
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Figure 7 Effects of exogenous HSL with different concentrations on extracellular protease activities of Z11 (A) and Z12 (B)
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Figure 8 Effects of exogenous HSL with different concentrations on biofilm of Z11 (A) and Z12 (B)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SEUNE A BRI R B4 0 S HERE ) DR AR AN £ 51 B AR T 2057

B9 EEY£KRE HSLEATHEK Z11 (A. B Z12 (C. D)MEMRFBURES
Figure 9 Biofilm formation of strain Z11 (A, B) and Z12 (C, D) with and without addition of HSL
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4 4

ABIFSE BT 2H 2L R i E 2 2 PRSI
T 1w BAYIBIE RE I BRI TER Hafnia sp.
Z11 1 Aeromonas sp. Z12, X HAMWA AN A5
Sor TR, G5 R B 2 DR AL2 R 1A
iX, (HRERS ML R /K-F-#9 AHLs {5 5-7>F, T H.
AHLs 151 HAT B A FE RO . AHLs X pR A 41
A RS AN A Y BOY SRR ) S AN ], R
C4-HSL 1 C6-HSL R84 514215 Hafnia sp. Z11 Fl
Aeromonas sp. Z12 (A L5 NEE S 71 F1 A P BE A%
AET o AWFFERI A Sl TR )55 ) R - AR Ak
NAE ST THRIE, IHIESE TIE 507X 80
R, AR IR R BR S T — &
FRIE SR
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