[DEXyESI

Acta Microbiologica Sinica
2022, 62(7): 28082823
http://journals.im.ac.cn/actamicrocn ;
DOI: 10.13343/j.cnki.wsxb.20210726 i: £ e

Research Article Bitik=s

AI-2 BE Y c-di-GMP RS DosC B M 2 75 %58 4R
B E AR B iz 3t

WEE, YR, NEE, %5
PHALRMB L R Bl Be, B #i 712100

B, WIERE, WM, KA. A2 @AY c-di-GMP fUEE DosC 5202 ik B 4R SN T8 AL W TR I B iz sl )
2247, 2022, 62(7): 2808—2823.

Xie Xiaorong, Shang Daohan, Shen Xihui, Zhang Lei. AI-2 affects biofilm formation and motility of Plesiomonas shigelloides
by regulating the c-di-GMP-metabolizing enzyme DosC. Acta Microbiologica Sinica, 2022, 62(7): 2808—2823.

W OE: @B F S 2o R OEIRE R 1E 5 4T autoinducer-2 (AI-2)4 % 7% 40 ) &9 24 M BT AR A
EHME AR, RMiZlE 5 £ B WAL E A A R A 09424 R B o F A 5 R A T
i, [Be] BT A2 BEH AR IR B 3F L8 (c-di-GMP) K-l 42 £ E AL H 4
WIET R AEFH N ENE, ARERAAELRAR LG EREHFRER. [FX] 444
Bl R B4 7 ik M TuxS F B SR H AR (AluxS), BRI F Mk L L ez anLs
PP R RB R A A A MRS KT8 £ 5, XA A AT KB AL-2 89 £ AR EZ @ DosC
(SAMEA2665130 2180), #| Al vaf KINE A X K FE I R R AT EHREZIHATC)H K DosC 49
ALk 4 & 4 #13% (ligand-binding domain, LBD)Y Al-2 #9444 /), BTk BEZE £E. oA
c-di-GMP & & 5 # A 7, AI-2 3t DosC ZARE W4 Bk R/ A BB AT R 7 ik # Z 4K DosC %
A B R B MR (AdosC) A M 5 5 A B ALk Sh e A F A IR KT o Tk, [4R] AL-2
45 DosC-LBD R & FAE A J); i@ 1L & 280 A0 &% AT LI AL-2 238 5% X4k %& & DosC 49
BEBR — BaBaE M, AL c-di-GMP ¢, 5F AR, AluxS #» AdosC BRI A c-di-GMP
KEFEEAG, KHEHEWEF RGN BEEIK. [£8] ZIKEE DosC i i rh 5 AR B B
TEN T AL2, iR A G BB —Bs B E M, AL c-di-GMP 8914 f%, oL c-di-GMP #4 &,
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Al-2 affects biofilm formation and motility of Plesiomonas
shigelloides by regulating the c-di-GMP-metabolizing enzyme
DosC

XIE Xiaorong, SHANG Daohan, SHEN Xihui, ZHANG Lei’

College of Life Sciences, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: Autoinducer-2 (AI-2), a quorum sensing signal molecule ubiquitous in bacteria, influences a
variety of bacterial physiological processes including biofilm formation and motility. However, the role
of Al-2 in regulation of these phenotypes and the underlying mechanism have not been reported for
Plesiomonas shigelloides. [Objective] To reveal the mechanism through which AI-2 regulates biofilm
formation and motility of P. shigelloides by regulating the intracellular cyclodiguanosine monophosphate
(c-di-GMP) level, and provide a new idea for the prophylaxis and treatment of P. shigelloides
infections. [Methods] Firstly, we constructed the /uxS gene knockout strain (A/uxS) by homologous
recombination method. Soft agar plate assays and crystal violet staining assays were employed to
compare the swimming motility and biofilm formation between AluxS and the wild type. Then, we
identified the potential receptor protein DosC (SAMEA2665130 2180) of AI-2 by sequence alignment.
Vibrio harveyi MM32 bioluminescence and isothermal titration calorimetry (ITC) were employed to
test the binding affinity of the ligand-binding domain of DosC (DosC-LBD) to AI-2. Afterwards, we
studied the effect of AI-2 on DosC activity by in vitro enzyme activity assay and intracellular c-di-GMP
quantitative assay. Finally, we constructed the dosC knockout strain (AdosC) according to the above
method and compared its swimming motility and biofilm formation with those of the wild type.
[Results] AI-2 bound to DosC-LBD with high affinity. Compared with the wild type, AluxS and AdosC
showed significantly weakened swimming motility and biofilm formation and dramatically increased
intracellular ¢-di-GMP level. HPLC demonstrated that AI-2 enhanced the phosphodiesterase (PDE)
activity of DosC. [Conclusion] The c-di-GMP-metabolizing enzyme DosC enhances its PDE activity in
response to Al-2, thus affecting the intracellular c-di-GMP level and regulating the biofilm formation

and swimming motility of P. shigelloides.

Keywords: Plesiomonas shigelloides; LuxS/AI-2; receptor; c-di-GMP; biofilm; swimming
HEIARIR Y (quorum sensing, QS)Z—FHAHE  PEAIHE 2 [CIHMEE Y autoinducer-2 (AI-2)/&

WL PTG 5 o ok W B % B2 0Ty BT 60 A i — — PP G B 1 7 A AT oA 52 3

VAN A RE R B L, Errgm GRS TR S R AL #1554 O B — gt

AN ZFAEAIG S T TR SR B b & R i (S-ribosylhomocysteinase
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LuxS) fi#t fb & A 1Y 4,5- = F& 3 -2,3- 1% — il
(4,5-dihydroxy-2,3-pentanedione, DPD) H & i1k
B, 5ZEEE G AR 2 M E 5%
Swpa Rt e BB A2 5Fr
2K, 43 B RAAFAE T IRE T 1Y LuxP &
5 FREAAE T B FEDTTIRE . BRI HB/R ARG
W E WP LsrB AP, b, A
H i R P SME I dCACHE (double calcium
channels and chemotaxis receptors)Zh#4) 3 5 %
H dCache 1 V5 03 0 DR ~F 45+ S 1 &
AL-2 7 TR PR AR, X SR AL-2 {55 /Y
dCache_1 &5 347 7E T2 45 EAb b 321k |
HATRIEHE . c-di-GMP & S5 /K R . 2 %%
BERR B . 22 2R/ 75 2 TR A8 U . IR IR/ 5
PR I Bl 55 TLT- BT A3 2SR B DA% AR ) 1
FEHSEAP, 3O AL2 A5 R BN
PHEEHLR LA T S R A R

BB AL B B (Plesiomonas  shigelloides)
B 2 B | e DR A Az S S A
SE N FF TR R4 B TR S P — A D . L DL T
WKAERRG , W& KEREE, oYLl A:
RRZFREY, &R E RETFHIKL, [F
A 2 SRR E S M ay b, 2t
FEER 53 1 DX P R AT AL G R TS S )
HEEIE TR R 2 —, e FTRES | K LR
Y R AR B W MRS, AN MAE | O SE |
A5 . iR A e R AT, Ak
GE 3 W AN TR A= W I Az s v 5 A s i 5 g S
2y DA S, AR B T R 1% 34 5 AN 1
SNBSS =2 17 S Ra Y T P i N S0 [ = [ S P
il 65%M AN e T BV S AR et
AR, FAOCHEGE CUESE T IZ A7 7E T 40 T P 1Y
W AF T o-di-GMP 50 240 B A 1) R
B2 B A O e R 71O LA 40 R R Y )

<l actamicro@im.ac.cn, & 010-64807516

RE & ¥ SR B R A A Z B A A b 1
KB EEAERAY, c-di-GMP £ i N
16 1 B 53 5 52 B & GGDEF 45 A4 1l 1)
— 5 4F iR 25 fL i (diguanylate cyclase, DGC)
¢ EAL 5 HD-GYP 4538 ) i B — 15K 1
(phosphodiesterase, PDE) i fk . AN 58 & B AL-2
X R B AN ERIE L . Uk BhEe ) 5%
RKAE BEHLW, ZiERATaEWE R0
Mrak 3] 72 B AR B R b — 4~ dCache_1
SERELE) AL-2 WEAEZ KR DosC, H A
il c-di-GMP 1Rty GGDEF 5 EAL Z5#43.
A1 — 25X c-di-GMP LI DosC M i Al-2
H SN c-di-GMP /K, JE #2855
L B T AR ) TR B Sz sl PR i B A T ot
5%, DA Ry 26 AR 408 o e T S g 1 7 ¥ 4 LB
Jgic

1 MRE7T %

1.1 E#k. FRRFA514

ARSIV SRR . BURLANS 9530 WK 1.
=2,
1.2 FERFIFEE

DNA [a] i8] & 5 ook 4 B n & B
b R AR A R A |l 5 Uk sh 35 57 S Al
MW3Eies, EAKW A BD A Plu i
L AN R VA% BR N VI IIA B TaKaRa 23 H];
DPD/AI-2 i Omm Scientific A ; GTP,
pGpG, c-di-GMP FrifE i H Sigma 23 7 ;
AR AR R EREARA A, RIRE
R, AaR, KRERMEHLUKE5H 50,
20, 10 pg/mL,

PBS Z& i (g/L): FREL NaCl 8.0, KC10.2,
Na,HPO, 1.42, KH,P0,0.27 T 800 mL &
Tk, FWERERVE pH 7.4, BRIGERZE 1L,
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Table 1  Strains and plasmids used in this study

Strains and plasmids

Relevant characteristics

References or sources

Strains
Plesiomonas shigelloides NCTC 10360 Wild-type; Gm"
E. coli TG1
E. coli S17-1 Apir

Host for cloning

J-pir lysogen of S17-1, F~ thi pro hsdR hsdM"

CGMCC
Laboratory stock
Laboratory stock

[RP4-2 Tc::Mu Km::Tn7]

E. coli BL21(DE3)
E. coli BL21(DE3) lacking luxS

Host for expression vector pET-28a

AluxS deletion mutant in £. coli BL21(DE3)

Laboratory stock
Laboratory stock

V. harveyi MM32 lacking /uxN and luxS [uxN::cat luxS::Tn5kan [21]
Plasmids
pET-28a Expression vector with N-terminal hexahistidine affinity Laboratory stock
tag; Kan'
pDM4 Suicide vector, sacB, moobRK2, oriR6K, pir; Chl" Laboratory stock
pBAD33 Expression vector; Chl’ Laboratory stock

pBAD33-/uxS
pBAD33-dosC
pBAD33-STM0385

pBAD33 expressing /uxS; Chl"
pBAD33 expressing dosC; Chl’
pBAD33 expressing DGC; Chl"

This study
This study
This study

Kan: kanamycin; Chl: chloramphenicol; Gm: gentamicin.

Tris-HCl 28 Wi (g/L): FREL 6.05 g Tris.
8.775 g NaCl ¥ T 800 mL £ & 17k w, FHukEh
M2H pH 7.5, fJGERRE 1L,

BT EHTEDY 10% (VIvyH il
Tris-HCI 2% i

c-di-GMP 2B (mL/L): ZJiF 400, HfEE
400, 7K 200,

ZINREREHRY Victor X3, PerkinElmer 2] ;
SEMRI E AV, TA AR A R0
JEit, DeNovix 24wl o %R LUK S 88 FTHLIK R 4L,
BER G 24, AL, Tanon 23w,
15 HA R B HL Optima XPN-100, Beckman
Coulter 22 ). 4= H 2l = ZORAH 35 {534 Y
152542424, Waters 2y Al Symmetry Cig 554
WA IEAE I B Waters 22 F] .

1.3 EFESEREREFH
LB }i3#3k(g/L): 73 3IFRH 10.0 g NaCl,

10.0 g B[k, 5.0 g BRI TR TFK
o, R ER SR EAMIEEIE S 15.0 g,

TSB RS IR I (/L) IR R S R i AR
FEHE(TSB) 30.0,

Tk B 5 35 3 (g/L) . NaCl 5.0, B AW
10.0, BHEH 3.0,

M9 57 3(g/L) : HREX Na,HPO,- 12H,0 179 g,
KH,PO, 3.0 g, NH4C11.0 g, NaCl 0.5 g K T2
FoKkH s BT AMNINZH ) CaCl, 2 0.1 mmol/L,
MgSO, 4 2 mmol/L, #jZH~ 2.0 mmol/L.

AB Fi 32 S BOSCHR 22100 7 IR B & .

WIS TAAR B B NCTC 10360 B A= R TRk |
FHOG IR AR A Ko AP AR TR e 1 TSB IR ARG
FE, T 37 °C #eiihas, KIGHF R T
LB AR FREL, 78 37 °C #RiA TR, MR
MM32 FERP TR AB WA SR 2L, 76 30 °C R
Ui, A BRI T 7E LB AR R 7%
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Table 2 Primers used in this study

Primers name  Sequences (5'—3)

Purpose

dosC-F CCGGAATTCCGGCCAACCTCTGCGGTCTT
dosC-R CCCAAGCTTGGGTTAAACGGCAACTTTCCAATT
dosC-LBD-F
dosC-LBD-R
ATAG
CluxS-F
ATTACTTGATAGTTTTACCG
CluxS-R
CCAACAGCGATGGA
CdosC-F
CTTGTCTGCAAAGC
CdosC-R
TATTCGGCAGGATG
STMO0385-F
CCCAAAAATAATGAATGAT
STM0385-R
CCGCCACTTCG
AluxS-up-F
AGGTGAGTTGCTGTG
AluxS-up-R ACGGGTATGATCGACGGTAA

Forward primer to clone dosC into pET-28a

Reverse primer to clone dosC into pET-28a

CCGGAATTCCGGATGTCCTTGTCTGCAAAGCTGT Forward primer to clone dosC-LBD into pET-28a
CCCAAGCTTGGGTTATTAGCTATTCGGCAGGATGT Reverse primer to clone dosC-LBD into pET-28a

TTTTGGGCTAGCGAATTCGAGCTCGGTACCATGCC Forward primer to clone /uxS into pPBAD33

AAGCTTGCATGCCTGCAGGTCGACTCTAGATTAGC Reverse primer to clone /uxS into pBAD33

TTTTGGGCTAGCGAATTCGAGCTCGGTACCATGTC Forward primer to clone dosC into pBAD33

AAGCTTGCATGCCTGCAGGTCGACTCTAGATTAGC Reverse primer to clone dosC into pPBAD33

TTTTGGGCTAGCGAATTCGAGCTCGGTACCATGTT Forward primer to clone STM0385 into pBAD33

AAGCTTGCATGCCTGCAGGTCGACTCTAGATCATG Reverse primer to clone STM0385 into pBAD33

CAGGTTACCCGCATGCAAGATCTATCTAGAAGCGA To amplify the upstream homologous arm of /uxS

from strain NCTC 10360 for fusion
To amplify the upstream homologous arm of /uxS
from strain NCTC 10360 for fusion

AluxS-down-F TTACCGTCGATCATACCCGTATGACGAGCTGGCAC To amplify the downstream homologous arm of

luxS from strain NCTC 10360 for fusion

AluxS-down-R GTGTATATCAAGCTTATCGATACCGTCGACCTGTAC To amplify the downstream homologous arm of

TGGAT

CGCGACAATTTGGA
AdosC-up-F

AGGGCGTAACCAAAT
AdosC-up-R~ GCCCACGTTGACGCAATAC

luxS from strain NCTC 10360 for fusion

CAGGTTACCCGCATGCAAGATCTATCTAGAAGCTG To amplify the upstream homologous arm of dosC

from strain NCTC 10360 for fusion
To amplify the upstream homologous arm of dosC
from strain NCTC 10360 for fusion

AdosC-down-F GTATTGCGTCAACGTGGGCTTTCAGTCGCCCAGTT To amplify the downstream homologous arm of

CCTC

dosC from strain NCTC 10360 for fusion

AdosC-down-R GAGAGCTCAGGTTACCCGCATGCAAGATCTGGTG To amplify the downstream homologous arm of

TACTACCGTTGGCTCGA

dosC from strain NCTC 10360 for fusion

1.4 HEHXEEBFREXAIIKRE

Z: WESCHR 131/ 773, 1) A [) 95 2 2 A it ot
PAFAH G HIPR AR, A S50 fd ] pDM4 A R 3,
A IZREBIAR AT NCTC 10360 i,
FFHAH R B 5 1 9 1 L b R A B
FIFHES PCRF [T Beie iz, i Todk
TLREE BRI ER pDM4, SRIF B ERE Y

<l actamicro@im.ac.cn, & 010-64807516

PR R E. coli S17-1 hpir B2 A0,
PCR iF A5 2055 45 A5 G 1A 7 32 7 0 ) R K
B AT B TR E. coli S17-1 Apir FIZE &Y
AR NCTC 10360 M7 4= BB A4 LA 3:1 19 He A7l
TR RS, 48 hJE¥ 2 R EIKIR G W6 R
HRMTER KRG R . AERWESEN LB [
EEFRHE b 37 °C MG R 2 KN R ETE,
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PRI A V% PCR BAEIE# )5 , 153 & A [A) IR
S I TR AR o R 07 0 1) ) B S8 4 R AR TR AR B 5%
JERATHE T A 20% (WIV)RERE Y LB [E 1A% 57 5
e R sacB B DR TR SOOE 500 01 328 1 Bk
TR B RE , o  PCR 6 Y & AR RS H Y
LR R 58 A8 Bk
1.5 EEEREHKAEE

ARSI ] pBAD33 JFOKLES M5 [ %b
DI AB A NCTC 10360 At , 435
P ¥ luxS. dosC FEN B, JF i F ik
pBAD33, &Y E E. coli TG &
A, BB, PCR BIEIEMS,
Pz AR UM N JORE , 0 R L B Ak 28 A N 2R
AR [RIIPRE S R L 2 B A Y R 4% AR
e, HIVEXT R
1.6 A HIBRRZ B BE 7146

Z: HASCHR[23], R FH 25 i 58 e 0k AE g 0
BT A WIS BURE T ARSI R 2R AR B4R
FUIEE NCTC 10360 HFAT | AH 55848 {4 % 1]
HNE R RN TSB MR R SR, 37 °C ik
BiFRE ODgoy M 0.9 /47, $RIG LA 1:100 HLBil%%
HE S 2 mL MO WA R0 9 A
37 °C #E K% 36 h e, BRMPREE, I
FH 37 °C BUAM) KB TKVERIRE 3 k. B
KI5, B 0.05%%5 Y%L 15 min,
RIFREBE T RKELERG AN Z NG MY
W R AR TS, A 3 mL JoK OB
fRAs G A A, FFIE AR, ODsos fH. HH1T
3 Yoy AR S
1.7 kshEE DRI E

B A BRABBA T NCTC 10360 B4R |
HH OG5 A8 1A B [R1 AR R MR 3P 22 TSB R 1A 8% 57 2k
H, 37 °C IR R ODeoo N 0.9 ifi . BUE
W, 4500 r/min &0 3 min, WERFK, A
Bt MO B FRILURAE 3 e, SRS M9

iR AL A, BU 2.5 pL BRE RN T Uk b
FRIER gL NS, 30 °C B FRA I SR, 09
& AR B B KD
1.8 HKHZaNE

B A BAB AT NCTC 10360 B A=A |
FHOCR AR S BIANE PRTE LB (ARG S5 5 1)
IEFE  HREVE T B TSB AR = 5,
37°C. 200 r/min ¥5 3% 2R . P45 15 2 0
TSB WA EEH, F 37 °C. 200 r/min #&%
Br R BRKIAIRE 2 h, HX 200 pL FE I E ODgoo
i, 1 GraphPad Prism 6 &b FRECHE 1S5 2E K
IS
1.9 A2 BEZHKERHNEXRELEE

M NCBI %4z % (https://www.ncbi.nlm.nih.
gov/)H T HAF R E S LB HHMIEE NCTC 10360
FEHHREFS, A HMMER W% 5 hmmscan
£ J¥ (https://www.ebi.ac.uk/Tools/hmmer/search/
hmmscan) X} #4525 F 4 15 e 51 3254 7 485 04 Jal 3 1
B T+ dCache 1 Z5HIRE A DosC, K5
it MEGA 7 514 #9 Clustal W 72 P85 1% 5
) dCache 1 Z5fI 5 EH Al-2 521K PctA fY
dCache_1 Z5#3 A7 174 Hu X, i — 24598 —
FIFPERR
1.10 MRERIMEEM LK

S CHR 11132k 44k DosC-LBD. ¥#4
HUFI A DosC-LBD H:[K B iy 3215 24k
pET-28a #i#41k. % E. coli BL21(DE3), [a]i}¥s
GRIBBERBEZRHR T xS FEKEM E. coli
BL21(DE3)H . 5 Fr 45 P Fh B #4270 F LB WA
Bigedr, 37 °C B EXHGETY, RIEMA
0.3 mmol/L IPTG, 20 °C. 150 r/min 51 F S
B3R 8 ho 4 °C B0 UBER A, FFH] PBS ZZnh
WEREA, FHES ARk, SR H
R ES.OHL 4 °C. 8 000 r/min B> 60 min Ji7 ,
FULE, B WG 1 HIERAE 4 CHRELMFT

http://journals.im.ac.cn/actamicrocn
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ZAS I B TR IR AR (NI -NTA) L & 1
F+% 300 mmol/L BRI PBS 2% nhifk UM 15 51
Hin&EE )5, 74 Sephadex-G25 7 R AEEEIK )2
b H# 5 2 &% 50 mmol/L NaH,PO, (pH 8.0),

300 mmol/L NaCl 1 1 mmol/L —# i iE(DTT)
VWK Z . 4 SDS-PAGE il 5 2 11 4
HEE 10 mg/mL &4, 70 °C /K 10 min {H 455
PRCARBE R Fis . BE s oo B,
DAKGIN AL-2 )54,

B 4E GRS MM32 3R 2 AB B4
R G IS IR 2 ODeoo 9 0.8 Zehn, RIG %
1:500 A9 HL 5 B 2 0 AB RKige3EH, I
FRUF A0 TR DAL 90 pL in ) 96 fLik . FE4>
S 10 uL A8 PEER 1 B3 W . PBS 22 ol (B
XFHE). 0.1 pmol/L DPD/AI-2 ¥ (FHAEXF B fm
AZEMBALE . #EE, 30°C, 170 r/min &% 5
7% 10 h, ff 2 I REREFR YL Victor X3 #a il 44
BAAEEFED) AR A FERIE Sk
FAES PBS 28 wfipo it 5 51 & Y 1 LU 2%
7~ AL-2 BAHR S &

1.11 FRFHEEARZIEATC)

Be A4l DosC HET LBD Z5#y
S, 1) Y A A i B 2R B (TE V) 25 B
N ¥ifY His $r%, 53] FoFr% DosC-LBD.
SDS-PAGE #G M ZiFE J5 , ¥ H &N & T,
I FH 3% B W 53 56 &R FURE S LA & DPD/AT-2
P S BRI E TR B . ITC 2B HEATRT, Joxt
RO TSR B, SRS 3 K AR BEAF ) 1 mL
FEHFE(50 pmol/L)F1 250 uL DPD/AI-2 %K
(250 pmol/L)JIN A EIFE b b Fii e &t o 1% 8 T
SEIREE 20 °C, #5358 200 r/min, T E R 25, T
SERIBRITE] 300 so #EAT 3 WMl AR SLE . [H]
I, 15 FH AH R 9 B2 i DPD/AI-2 J8 (250 pmol/L)
T BT vP, VR BIPEXT B 4RA5 1Y S5 5%
ByE{# FH NanoAnalyze 3.4 #A{F#EAT 40 #r Fl4EL

<l actamicro@im.ac.cn, & 010-64807516

Go B BT I IR B X B
1.12 DosC £ KEBMTRIEA L

2275 SCHR (24131 TR TR . # dosC
FEH FORE R pET-28a A I, FFHIFE A E. coli
BL21(DE3)Y AluxS RAFAFFRIE , WxFR W
PRAZFI T LB 557571 37 °C 55597 2 ODgoo 4 0.8,
SRJG A HRJE A 0.3 mmol/L () IPTG, 20 °C,
150 r/min Z50F RS 12 he WH)E, HIK
BT 22 Wik (20 mmol/L Na;PO4, pH 7.0;
2 mol/L KCl; 10%H7H; 5 mmol/L EDTA;
5 mmol/L DTT; 1 mmol/L PMSF), Fif il
WEWEANAEL, 8 000 r/min &5.0» 60 min, H Fi.
WA K& I s R AR B0 AL
4°C. 200 000xg B.0> 60 min, WEETTEIFH&
A BELH 53 (I TTE o T = Eh b, 4 °C g
Bl o R L S0 0 T it o PR folE P A v O L
4°C, 200 000xg B5.0» 60 min, U4E b, @it
Ni*-NTA M2 Hrit— 24tk stk i o
FENTRGENT, 7T -80 °C UKFRETEH
1.13 {RINEREIERNE

227 SCHR (251074 2R T e ROBORE £ 1574 D
7€ DosC HYMFE . 1775 50 mmol/L Tris-HCl
(pH 7.5), 5 mmol/L MgCl,, 0 #¥ 300 pmol/L
DPD/AI-2 HJ 200 pL AR FIIA 70 mg
DosC £ H, F7E W s AR 28 o 43 51 s
20 pmol/L ¢-di-GMP 5{ 50 umol/L GTP. 30 °C
JZ i 0. 60 min J5, AR [E] S H 100 uL %
AW, 100 °C Nk 10 min, 2.0 EEMEE
M, FIHZ 0.22 um JEEME. WJIEEFME
TSI FE (53 (Agilent 1260 infinity I1)ZRSE1E
A, JH 98%1 A % (150 mmol/L Na,HPOy,,
pH 5.2)F1 2% B W (LNE)TE 30 min LA
1 mL/min F3E R VEM A 414, 7€ 252 nm
B TR, LA GTP. pGpG Hl c-di-GMP 1EH
o o it o) R
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1.14 BEA c-di-GMP BIIE R & E

2 BASCHR[26]07 1%, BRIBCHT A 70 % 45 58 AR A
PRI c-di-GMP, 353240 18 =X ECR A, 1k
B 15 mL ##, 4°C. 5000xg &> 20 min, 3F
. B LS mL B SR R I R
Z 2mLEP &, 4°C. 5000xg .0 20 min,
F& B3 o il 300 uL 2 BOR E E , 7K 15 min,
95 °C J#4 10 min, PKi#+ 15 min, 4 °C. 20 800xg
250 10 min, PO E I PR mUCEE FROIA 200 pL
PRIOR, AP 2 IROETF IR K 3 IREEHK
FIEWIRA, 4 °C. 20 800xg .0» 10 min, Y&
HCEW, THAEIRS ORAFE T80 °C vKA 5 H .
I SR R B IE F  Jis, NE IS A
200 pL = 830RAH EISSOK SRR, T4 0.22 pm
PEME T UE . L c-di-GMP FRifl Sh AV A 6 B RE A
H c-di-GMP BV B i 2L AR E Y c-di-GMP #x
YA S VS VR ST TR s T 2

2 BERXR504

2.1 BHARRIES AI-2 AR EER T LM
B B A VDR B R ik mh BE 7

TuxS T RE AN AE 5501 AL-2 G U B
SEH, AT I A L B R SR
G AL-2 Xof 28 TR AR B TR A= W) ST K- vk
SR SImsgm, AT T luxS FERBK R
KRR AluxS (vector) L & A1 AN Ak AluxS
(luxS) , I %F WT (vector) . AluxS (vector) 5 AluxS
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Figure 1

Quorum-sensing signal AI-2 regulates biofilm formation and swimming ability of Plesiomonas

shigelloides NCTC 10360. A: crystal violet quantification of biofilm formation by the wild-type (WT)
Plesiomonas shigelloides NCTC 10360 (vector), AluxS (vector) and AluxS ({uxS) strains. B: quantification of
swimming ability by Plesiomonas shigelloides NCTC 10360 WT (vector), AluxS (vector) and AluxS (luxS)
strains. The measured data were the diffusion diameters of each strain. C: growth curves of Plesiomonas
shigelloides NCTC 10360 WT (vector), AluxS (vector) and AluxS (luxS) strains. Data are mean s.e.m. of three
independent experiments. P values were calculated by two-tailed unpaired Student’s z-test. P<0.05 was
considered to indicate a statistically significant difference. ***: P<0.001.
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Figure 2 DosC is the chemoreceptor of AI-2 in Plesiomonas shigelloides NCTC 10360. A: schematic view
of secondary protein structure of DosC. B: analysis of conserved sites of dCache 1 domains in DosC and
PctA. Multiple alignment analysis of dCache 1 domains in DosC and PctA was performed with ClustalW
embedded in MEGA 7. Blue arrows denote the five highly conserved positions corresponding to R174, W176,
Y192, D194, and D223 of DosC. C: DosC-LBD is capable of retaining Al-2. Proteins were expressed in a
BL21 or BL21/IuxS E. coli strain. Light production by the Al-2 reporter Vibrio harveyi strain MM32 lacking
luxN and /uxS was measured following the addition of a buffer control or ligands released from the purified
proteins upon denaturing by heating. 100 nmol/L DPD/AI-2 standard solution was used as a positive control.
Al-2 activity was reported as fold induction of bioluminescence over background obtained in the buffer
control alone. D: the binding affinity between AI-2 and DosC-LBD was evaluated using ITC analysis. Data
are meants.e.m. of three independent experiments. The error bars represent the standard deviations of three
independent experiments. P values were calculated by two-tailed unpaired Student’s #-test. P<0.05 was
considered to indicate a statistically significant difference. **: P<0.01.
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Figure 3 AI-2 enhances the PDE activity of DosC and promotes the degradation of intracellular c-di-GMP.
A: membrane fractions containing DosC were incubated with c-di-GMP in the presence or absence of
DPD/AI-2 at 30 °C for 0 and 60 min and the product was analyzed by HPLC. B: membrane fractions
containing DosC were incubated with GTP in the presence or absence of DPD/AI-2 at 30 °C for 0 and 60 min
and the product was analyzed by HPLC.
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Figure 4 DosC affects the biofilm formation and swimming ability of Plesiomonas shigelloides NCTC
10360 by regulating the level of intracellular c-di-GMP. A: quantification of intracellular c-di-GMP levels of
Plesiomonas shigelloides NCTC 10360, AluxS and AdosC strains by LC-MS/MS. B: crystal violet
quantification of biofilm formation by Plesiomonas shigelloides NCTC 10360 WT (vector), AdosC (vector)
and AdosC (dosC) strains. C: quantification of swimming ability by Plesiomonas shigelloides NCTC 10360
WT (vector), AdosC (vector) and AdosC (dosC) strains. The measured data were the diffusion diameters of
each strain. D: growth curves of Plesiomonas shigelloides NCTC 10360 WT (vector), AdosC (vector) and
AdosC (dosC) strains. E: crystal violet quantification of biofilm formation by Plesiomonas shigelloides
NCTC 10360 WT (vector) and WT (pBAD33-STM0385) strains. Data are meants.e.m. of three independent
experiments. P values were calculated by two-tailed unpaired Student’s #-test. P<0.05 was considered to
indicate a statistically significant difference. *: P<0.05, **: P<0.01, ***: P<0.001.
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Figure 5 Domain organization of the DGCs and PDEs present in Plesiomonas shigelloides NCTC 10360.
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HD-GYP are c-di-GMP hydrolytic domains and exert phosphodiesterase (PDE) activity. Domains identified
in yellow and blue are associated to signalling systems and works as a signal sensor domain.
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