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LuxS)#A= S-A¢ ¥ & ¥ Bt R BA A% 3 B2 (S-adenosylhomocysteine nucleosidase, Pfs, 4K Ak A MtnN)#E4L
S-J% 3 & F L & B4 (S-adenosylhomocysteine, SAH)ZA 49 4,5-—# 3-2,3- X =B (4,5-dihydroxy-2,3-
pentanedione, DPD) Bl X SR &, EMA T/ 255 AT S A E2ey A2 A2, ot AL,
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HRAZEEHOT A, (] AL EEFRFAH AR L, GRET LN ZE PCR 247 luxS
HEOKPEHHREZRHIEA; 253 LuxS. MinN-1. MtinN-2. MtnN-3 #4T % 5 7| le st o 47 F 3%
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AR, BARRLEFT A2 FHAE IShZEF R K, WA R RENRS, L A2 FHL0385%,
PRSP B RRL K38 & B LuxS 8495 5 MtnN-1 3 MtnN-2 3£ Rl 4404 AL-2. FH Rl R &8 KR
MET LS L FRATE luxSH A RTAR, EMKELMHT(0.5mol/L NaC)E A A JuxSHe & R T
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Effects of the critical gene luxSrelated to synthesis of AI-2 on
salt adaptability of Halobacillus halophilus
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Abstract: [Background] The quorum sensing signal molecule AI-2 is spontaneously cyclized from
4,5-dihydroxy-2,3-pentanedione (DPD), which is derived from S-adenosylhomocysteine (SAH) via
catalysis by S-ribosylhomocysteinase (LuxS) and S-adenosylhomocysteine nucleosidase (Pfs, also
known as MtnN). AI-2 regulates a variety of physiological processes including chemotaxis,
bioluminescence, and biofilm formation of bacteria. However, the effect of AI-2 on the salt
adaptability of Halobacillus halophilus has not been reported. [Objective] To synthesize Al-2 in
vitro and reveal its effect on the salt adaptability of H. halophilus. [Methods] The relationship
between |uxS transcript level in H. halophilus and salt concentration was assessed by real-time
quantitative PCR. Then, multiple sequence alignments of LuxS, MtnN-1, MtnN-2, and MtnN-3
were performed to identify the key amino acid sites, and the four proteins were heterologously
expressed and purified for the synthesis of AI-2 in vitro. Finally, |luxS was knocked out by
homologous recombination, and the effect of luxS on the salt adaptability of H. halophilus was
studied through salt stress assay, intracellular compatible solute content determination, and biofilm
formation assay. [Results] The transcript level of luxSin H. halophilus increased with the elevation
in salt concentration and was positively regulated by the CI” concentration. The growth curve and
bioluminescence assay showed that as H. halophilus grew, the AI-2 activity in the supernatant of
the culture medium reached the maximum at 15 h, and it enhanced with the increase in salt
concentration. The in vitro enzymatic reaction assay showed that LuxS collaborated with MtnN-1 or
MtnN-2 to catalyze the synthesis of AI-2. The luxSdeleted mutant of H. halophilus was
successfully constructed by homologous recombination. Under a low salt concentration (0.5 mol/L
NaCl), there were no significant differences in the growth curves between the wild type,
luxS-deleted mutant, and complementary strain. However, under high salt (3.5 mol/L NaCl), the
luxS-deleted mutant grew slow, while the complementary strain demonstrated a growth trend
similar to that of the wild type. Furthermore, the deletion of |uxS led to decreases in the survival
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rate, intracellular compatible solute content, and biofilm formation of H. halophilus under salt
stress, whereas the complementary strain could recover to the levels close to those of the wild type.
[Conclusion] H. halophilus can synthesize Al-2, and its IUXS is positively regulated by the CI
concentration and plays an important role in regulating salt adaptability. The findings provide a
basis for further research on the regulatory mechanism of salt adaptability in H. halophilus.
Keywords: Halobacillus halophilus; AI-2; LuxS; salt adaptability; compatible solute
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Table 1  Strains and plasmids used in this work

Strain and plasmid Relevant characteristic

Source

Escherichia coli

TG1

BL21(DE3)
Halobacillus halophilus

Host for cloning
F ompT hsdS (rg, mp~) gal dcm (DE3)

H. halophilus DSM 2266 (ATCC 35676) Wild-type
AluxS [uxS deletion mutant derived from H. halophilus
Vibrio harveyi
V. harveyi MM32 [uxN:: cat luxS:: TnSkan
Plasmids
pET-28a Expression vector with N-terminal Hisq affinity tag; Kan"
pET-28a-luxS pET-28a expressing [uxS
pET-28a-mtnN-1 pET-28a expressing mtnN-1
pET-28a-mtnN-2 pET-28a expressing mtnN-2
pET-28a-mtnN-3 pET-28a expressing mtnN-3
pHHApro pTOPO derivative for generation of deletion mutants; Chl’
pHH-AluxS Containing luxS knockout fragment
pHTO1 IPTG inducible expression vector; Amp"; Chl"
pHTO1-luxS luxSwas cloned into pHTO1

Laboratory collection

Laboratory collection

[18]
This study

[19]

Laboratory collection
This study

This study

This study

This study

[20]

This study
Laboratory collection
This study

Kan: Kanamycin; Chl: Chloramphenicol; Amp: Ampicillin.

x2 AMRFAERBSIY

Table 2  primers used in this work

Primer Sequence (5'—3") Purpose

UP-F TACGCCAAGCTTGGTACCGAGCTCGGATCCGAATCTAAATCAGAACCACC  To generate
UP-R CCTTCGTTTAAAATCATTCTCCTTTTTTTG pHH-AluxS
DOWN-F AGAATGATTTTAAACGAAGGGTGAGAGTGC

DOWN-R CTCACTATAGGGCGAATTGGGCCCTCTAGAGAAAGACCGTTACAATTCT

luxS-F AACAATTCCCAATTAAAGGAGGAAGGATCCATGACACAGATGAACGTAGA  To generate
luxSR GCGGGCTGCCCCGGGGACGTCGACTCTAGATTAAAAAACTTCCGTCCATT  pHTOI-IuxS
luxS-HF ACTGGTGGACAGCAAATGGGTCGCGGATCCATGACACAGATGAACGTAGA To generate
luxS-HR GTGGTGGTGCTCGAGTGCGGCCGCAAGCTTTTAAAAAACTTCCGTCCATT  pET-28a-luxS
mtnN-1-HF  ACTGGTGGACAGCAAATGGGTCGCGGATCCATGGCAATTGGTATTATCGGA To generate
mtnN-1-HR  GTGGTGGTGCTCGAGTGCGGCCGCAAGCTTCTATTCATAATGAGTAACCAT pET-28a-mtnN-1
mtnN-2-HF  ACTGGTGGACAGCAAATGGGTCGCGGATCCATGAATTTTAAACAAAGTGTC To generate
mtnN-2-HR ~ GTGGTGGTGCTCGAGTGCGGCCGCAAGCTTCTAAATACCTTTTAACATTTC pET-28a-mtnN-2
mMtnN-3-HF  ACTGGTGGACAGCAAATGGGTCGCGGATCCATGAAAAAATACGCTTCACTC To generate
mtnN-3-HR  GTGGTGGTGCTCGAGTGCGGCCGCAAGCTTTTATTCGCCTGTTTGGGTAGT pET-28a-mtnN-3
|UXS-RT-F AACCGAAGGAGATAAAGG RT-qPCR
IuXS-RT-R CATCAGGTGTTCAAGGGA

16S-RT-F AAGGCTGAAACTCAAAGGA

16S-RT-R AACCCAACATCTCACGACAC

RLIR 510 Sy JC 4% ve e ] 5L

Letters in boldface denote overlap fragment added for Seamless Cloning.
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1.2 EFEMEBEKXF., LE

LB Figid(g/L): HEEME 10.0, BFRFZEL
5.0, NaCl 10.0; AB 35553 (g/L): R /K it i
1 2.0, MgSO,-7H,0 12.3, NaCl 17.5, KH )5
M 1% =%, 1 mmol/L L-45Z %, 10 mmol/L
IR 50 28 v (pH 7.0); Marine Broth 2216, BD
Nl ERREFRELEIMINA 1.5%3005

DNA RA ARG UIAG, b H e
EBARGIRA T s wkEili &, B
ZREWH AN A2 (554F, il
B IR A BRA W s DNA R G &L TR
w/NEIH & B IER 4] DNA $2BGAR &
YT A RNA SO0 & o O sl 6 . Semd
i PCR A&, Jbat RARA LR A TR
i

o

5

HEAM . BEEHEEY), OXOID 2vw]; i
MREk . BMREE . RALEE. SALES. S, HA
B OKETR . oK OB, BERR A/ . BER A
S LR B R A Al ) AOEE R TR
2wl SAH . 5,5 RRAR B -(2- fiFf HE K TR
[5,5'-dithiobis-(2-nitrobenzoic acid), DTNB], U
SmEE DL M AR, Sigma ANHE); b ke
FREN . IPTG . —3 M REZSE BT LE (Tris) . 25 dh
2. B, PiAERSE, R REERAR
NI

HL - KA AL IR L OKAR,  E i R REFHAT
FRAE]; M TAES . PCR AL, BERRIN .
fEIR A . BRI AL . Z D REREFRAY
PerkinElmer; =3 & O AILAUE i 706 EE T,
ThermoFisher Scientific /A f) ; 2% Y& & PCR Y,
Roche Al o
1.3 EFREH

RIGAT R LA B A O il b 4y 22 1Y) e 3 T Ak
MRS IAE 37 °C. 220 t/min 5MF T 1
I, WEFREHME P UE Ry AR EER

100 pg/mL . FHFEE R 50 pg/mL, 575X 20 pg/mL;
gk B TR PR DL R A LS A 28 AR A
FIAREEIILE 30 °C, 220 r/min £50F R 3R, Pk &
fHFHZRE . F&E R 25 pg/mL.
1.4 MEREETFHATE AL-2 AUTE RN

I b B0 ZE AOFT B AL-2 B35 PEAG I 2% S
BR[715F M LME S, FEA K il i At
B 3 h B 200 pL S B3 2R AAATF R M, il
8 000 r/min #5.0> 5 min BRE A, 28 0.22 pum BR
R AR B S R B A 3, BT 20 °CfR
FEETH 5 PREO 4 FC I (Mibrio harveyi) MM32
FURRVE IR T AB BRI R KRG SR
TP MM32 BT AB K538 B8 5 000 fi5)5
B 90 uL i A 25 96 FLARH 5 45 B 10 pL FE 5
BE P o B (AT-2 o o it ) 0 9] 428 ek G G A G 1 5
FRIE) B A B AN 9 FL A, 30 °C. 100 r/min
REIR G S 4 h 5, B 96 fLIRTIA Z D g
BT o B A I 0 e BcH , AL-2 W
FRAEXT &SGR EE IR
1.5 SRR

I 6 R ZF AR AT R R IR K B AR E WS O
SIEERE S 0.5, 1.0 il 2.0 mol/L NaCl KJ
Marine Broth 2216 455 77 3E , 30 °C . 220 r/min
Fi 37 % ODgoo N 2.6 H4FFMI T ODgoo {7
B—HUF, A1 mL R R Z0R S RNA $2
BURFI A RNA, BB 9 RNA Y R
— B0 I FH 2 s G U e s i cDNA, LATE
B IR MAT A 16S rRNA FE A (59 -
16S-RT-F/16S-RT-R) N NS 5L [, SR H SEET 551
7E i PCR & A7 SE 9t & PCR, £l
A[EVEE S TuxS (519 : luxS-RT-F/luxS-RT-R) A9 #% 55
Ko PN RE R PCR S WA : 2xRealUniversal
PreMix 10 pL, iE 2 [ 51 #7(10 pmol/L)4% 1 pL,
cDNA 80 ng, H2li/K#h /& 20 pL. %% E 7t PCR
W 264 2 95 °C 15 min; 95°C 10's, 60 °C 30 s,
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40 B ER 5 25 i th 2 o I Hi A2 BN R 7 i2E 47 o
1.6 SEBZFIILLI S

M KEGG %4 /% + (https://www.kegg.jp/) 53
FEBEA A EIER LuxS il MtnN 235/
G, 8] ClustalX 2.1 87 & L8R 17 51 1) E
ot , 45 7ELE T H ESPript2 ¥EF1344k
S
1.7 EBRMFIEREFMG L

AR L 20 DNA $2 B & 3 g
LESLFMFEERA. A
luxS-HF/luxS-HR P43 R 20 AR 47318 luxS4s K
FBr, B R B s i i ok v a2
FIR AR pET-28a 115 5 LuxS A4 &K 1R E
i K. pET-28a-luxS - # H 4 A K W #F
BL21(DE3)H. @I HFRIBFERIE SRR,
BT A 500 mL LB WRAARRE S5 54T h
KEEFE, 37 °C. 180 r/min JR%EEFEZE ODeoo N
0.6 ZiA7 , IMATESF IPTG (44 9 0.3 mmol/L)
JE RSB %N 22 °C. 140 r/min 355 10 h,
8 000 r/min Z5.[» 5 min, WHERFE MG A 150 mL
His 145 G IR E AWK, BERRE S
WERE200 W, 15 min, TAE 5s,[BFE 5s)aT 4°C.
8 500 r/min 5.0 1 h A 13 . B3t Ni¥-NTA
FAZMAEM G, (] His 2 PR S bt fn
His 8 F1UE B 2% o A7 alifb DE I, 75 30 1Y
Hise-LuxS T H LB . 8 H ik B E Al
SDS-PAGE & 1 H UKk Kl J& - A7 4 —80 °CHAAIK
URVKFEFE . MtnN-1, MtnN-2, MtnN-3 H2H
R ik alife 15 5],
1.8 AI-2 {R9hNE R

AL-2 (RSN RS2 STk 21198 i LAE .
25 mmol/L pH 7.5 #9 Tris Buffer H /il A 1 mmol/L
SAH . 1 mg/mL 4lifLf#) LuxS F1 MtnN-1 & [ (¢
MtnN-2, MtnN-3 £ [1), 30 °Ci . 1 h JFiid
B 47 ¥ 3 kDa U8 B30 8 (Millipore) £ B

SRR 1 o AL-2 MR R A DTNB {5
PRGN,
1.9 RTAEMEAMEIRAIIIE

WL R AT R R AR i S
SCHR[20 7 LA ek, fe 4 79 2 5 24 DNA 42
B & g Eh B Eh 2R AT R I A . DA
PIZHAE it , 205 2 X5 514 (UP-F/UP-R
1 DOWN-F/DOWN-R)ifi i PCR § 4 H 13 it 5
LI luxS iy _F 3 AT Ui [ I o PCR SR &R
2xBuffer 25 pL, dNTPs (2.5 mmol/L) 8 pL,
RIZHABHR 800 ng, 1E. KIMI5I#(10 pmol/L)4%
2 uL, DNA R4H 0.5 uL, #ali/K%h 2 50 uL.
PCR [ W &F: 94 °C 5 min; 94°C 30s, 52°C
30s, 72°C 1 kb/min, 30 M™MEH; 16 °C 30 min, il
i H & PCR ¥ luxS-UP Fl luxSDOWN &
SAS BRI A B AluxS, T 0 Tos% s iy
OB R e B4 & pHH #8044, S5 mBR ok
pHH-AlUXS, H4E4F (@R Bkl pHH-AluxS
b DA A AR PO A g b B AR SR AT TR R
WA TEHA 25 pg/mL FAFE KM Marine Broth
2216 [EARREFRIE b, 30 °CEIE B 3% . PREUK
F TR %, 48 PCR IR BN S i bk . 56
WEIE B 5 R TR W AR AT B AE R Y
Marine Broth 2216 A& FRILFEE IR, 5
FEW)IE 245 B 5 144 T Marine Broth 2216 [&{£
BRI, 30 cCE B IR . PRI I LR 7K 22
SEZPOMERI . PCR B AE AN FE 5 BP A5 3
luxS 4 B L DR 5l G SR A8 A o D366 [ 20 A A e
M, 514 lJuxSF fil luxSR @it PCR P
luxS, PCR JZWiAZ : 2xBuffer 25 pL, dNTPs
(2.5 mmol/L) 8 pL, FEHE itk 800 ng, 1E. Jx
[ 51 497(10 pmol/L)4% 2 uL,DNA %4 7F 0.5 uL,
FEAl K #ME 50 pLo PCR JW 2514 : 94 °C 5 min;
94°C30s, 52°C30s, 72 °C 1 kb/min, 30 P&
;16 °C 30 min, @I JCEE TR PCR Pk
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P pHTO1 24K, 35 HAMFOR: pHTO1-luxS,
THIE o HU B L A luxS B e As fk Wi
T4 25 pg/mL %R B Marine Broth 2216
B FR AL 1, 30 °CfE B 7%, PREUK A
FI7%, £ PCR ISIEAIN T 5 RIAS 2 5 R Ak
1.10 4Kz

W MR VG Eh 348 2R AT B 2R T Marine
Broth 2216 {& ARG 375, 30 °C. 220 r/min k%
B3R iR R WS a0 N T S mL ASRlER vk
J£(0.5, 1.0 1 2.0 mol/L NaCl)#J Marine Broth
2216 WiiREEFREEH, 30 °C. 220 r/min R E;
3%, 4F 3 h A FEECEED ODggo, AT 22 4=
Kk
1.1 B FEFENEN

PREUEA A 7% T Marine Broth 2216 AR 55
SRR BN EUG ], BT mL BT 5 000 t/min
20 5 min, FF g, REEM, 1 mL PBS
ZZ wP (NaCl ¥k JE 5 %% £ 0.5 mol/L) & &I 15k
A, BCS50 pL EARJF B, A 2 mL &F
5 mol/L NaCl /] PBS &, 30 °C. 100 r/min
AP 1 h, ZJEMBIRA T Marine Broth 2216
AR FREL, 30 °CfEI B R %, AR F-Al b i B
VBT EAATE %
1.12 E=IBE R Ak BE 189460

SR 45 fl 28 e £ 300 5 AR ) R 7 R
MR TR R G SR K R E e T o h
3 mL Marine Broth 2216 W& 1A 1% 323003048
AR BAR AFE IR T, 30 °C 145 v/min K557 3 d
JEEE R, JCRKIE IR 3k, A 5 mL
0.1%45 Fl2E Qe e (5 15 min JE R FEYLH, I
THKERIRE 3 . HAKTEHRIdRA
YIRIE A5, ZJE A 3 mL 95% O BEg i 4h
BAEAYINE E S f g gekt, R IIEL ODsoso
1.13 fNERMARSEMUNE™

I3t B Ak 2 K 2 X0 80U JH (ODe00=2.7) )5

5 000 r/min 0> 5 min WCHE B BL25 12 R
TRHLIEAT TERALEE . T8 )5 B 10 mg TR R
A Ri RESZ I, o T 22 TR 4 B A S D Al 20 PR 5
it 7310 mg BEIAS BROCHR[16]42 My &g
WE , R B0HORE € 15 ARG I D A g i, i
PR RE 5 P S J5 5 i A D 5 SR DA TR IR B R vk
JETHEE
1.14 BBt o R
BHRARYE 3 MY ERE, R
DLV Y5 (B 45 UE fli 22 (standard  deviation, SD)#
7~, KH Student’s t-test (MU IR HE X HEA T i &
P53#r, A GraphPad Prism 8 #K {470 Hr 4t 5%
K,

2 HERE4M

2.1 FIREXMEREHRFETE luxSEHER
7K 9520

BRI 5501 A2 B HEG E H
luxS FEAM I ) IZ 447, S5 THRITZ
HEE P EMRE, B TIREAG 551 AL2 X0
AR R AT A AR IE I M R R, AHIE ST ARG
THEARZHEETAEKO.5, 1.0 A1 2.0 mol/L
NaCl f#) Marine Broth 2216 A& RE 3230 ) g £
HAR ZEAAT R luxS L SR, e e
JE i B cDNA FEAAE Ry B AR i 47 98 6 & &
PCR, ¥ #4521 168 rRNA NS ILPH (& 1A)
A1 luxS (B 1B)RIbRERT LR, THEAS P 80
BN 103%F1 104%;  [a]IF 4 B H 0 i il 2%
(B 1C. 1Dy s — {55, DiRIseA Ak
FesePE st 7 A, P SER O E & PCR W
BoR ., WE 1E Fion, BB IRIL PR
B, luxS i A 2 B2 TR
(P<0.01). A TR luxS iy FRER IR MBS
JEBERA, AW E T RSB SR T @GRk
JER 2 mol/L) & A R ER LA i 573, M

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



4524 (YIS Gk

Microbiol. China

luxS %55 sk K R BE, TE5E R —EUN R
T, luxS (45 s KB G S0 -k B2 T e i B
E(P<0.001) (] 1F), S~ T Kz i iR AR 25 5 XF
luxS I FZI , ASF R T EAS [RIVR JE NaNO;
AR PR ER R 2R AT I luxS 1% KO,
LA 1G R, luxS s sk T @ 2%
S A, fEAHRIEREE(1.0 mol/L) F, NaCl £
8T B35 1 W8 £R 5 ER 2RI AT I luxS 1Y 5% st oKF
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1 PEREHRTFEITE luxSHIEEE PCR FRERSZ . BRI NIERKTE A M B: 16SRNA
N5 (A)FT luxS (B)2¢ G E & PCR FRMERZE. C F1 D: 16S rRNA NS £ [H (C)F luxS (D)7 6 E & PCR
Wik, E-H: ARIEEE AT T B IR g3 53 2 A i, IR S 9 E i PCR A luxS i %% 5%
K- *: P<0.05; **: P<0.01; ***. P<0.001; n.s.: ZH%ANE#E

Figure 1 Quantitative PCR standard curve, melting curve, and transcription level of luxS in Halobacillus
halophilus. A and B: 16S rRNA (A) and luxS (B) quantitative PCR standard curves. C and D: 16S rRNA (C)
and |uxS (D) quantitative PCR melting curves. E-H: H. halophilus cells were cultivated under different

salinity conditions, and the transcription level of |uxS was determined by quantitative real time PCR.
*: P<0.05; **: P<0.01; ***: P<0.001; n.s.: Not significant.
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2 FEERERFETENEKIZA)FEEI AL2 FEME®B)
Figure 2 Growth curves (A) and extracellular AI-2 activities (B) of H. halophilus.
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3 LuxS. MtnN-1. MtnN-2 1 MtnN-3 SEEZFFIIELX 574 A: LuxS J¥8lLLxt, T 740
XHEY LuxS SEFATT : W& S ER 2P AT W (HBHAL_2021, LuxS); KT (ECD_02542); FiFEVDTTIR
T8 SL1344 (SL1344 2802); IXICHRE (VIBHAR 03484); 4E/RK2%2F 1T # (RBAM_027680). B: MtnN-1 .
MtnN-2 F1 MtnN-3 FE41 He s, TR 40 HE Xt A MtnN & (40 F < g B3 2E /AT @ (HBHAL 3605, MtnN-1;
HBHAL 2454, MtnN-2; HBHAL_5109, MtnN-3); RGP TIRE SL1344 (SL1344_0208); KMHF
(ECD_00158); XK (VIBHAR_00923); #E/K 2% 2 T R (RBAM_024370). 2 Y i 1% M 467 FH i
R

Figure 3 LuxS, MtnN-1, MtnN-2, and MtnN-3 amino acid multiple sequence alignment. A: LuxS sequence
alignment. LuxS proteins used in the sequence alignment are as follows: H. halophilus (HBHAL 2021, LuxS);
Escherichia coli (ECD _02542); Salmonella enterica subsp. enterica serovar Typhimurium str. SL1344
(SL1344 2802); Vibrio campbellii (VIBHAR 03484); Bacillus velezensis (RBAM_027680). B: MtnN-1,
MitnN-2, and MtnN-3 sequence alignment. MtnN proteins used in the sequence alignment are as follows:
H. halophilus (HBHAL 3605, MtnN-1; HBHAL 2454, MtnN-2; HBHAL 5109, MtnN-3); S. Typhimurium

SL1344 (SL1344_0208); E. coli (ECD_00158); V. campbellii (VIBHAR_00923); B. velezensis (RBAM_024370).
The important enzyme active sites are shown in blue.
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Figure 4 Synthesis and activity detection of AI-2 in vitro. A: AI-2 concentration detection. B: AI-2 activity
detection. ***: P<0.001.
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5 AluxSSETERMER AL-2 RSN A: B A BUREER S5 SR AT IR A AluxS S8 1R 1) E R4y
filEl. B: B4 AU AluxS 28 A5 /K1) PCR ZrHT45 5. M: DNA 43 FHbbrifE Marker; JKif 1. 3 fR3REF/E
By JKIE 2. 4 103K AluXSZEAER. C: BT A TUFT AluxS Z& A8 (R I AL-2 JE PRI ***. P<0.001

Figure 5 Construction of AluxS mutant and detection of AI-2 activity. A: The map of upstream and
downstream regions of wild type H. halophilus and AluxS mutant. B: The PCR analysis result of wild-type

and AluxS mutant. M: DNA marker; Lane 1 and lane 3 represent wild-type H. halophilus; Lane 2 and lane 4
represent AluxSmutant. C: AI-2 activity detection of wild-type and AluxS mutant. ***: P<0.001.
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TR PR A A7 16 8. C o AT P V8 J5 il 2 2 0 D) S0 g 7 A DG I kB k2 A T T bk P A AR+ P<0.05;
**: P<0.01; ***. P<0.001

Figure 6 Deletion of |uxS affects the salt adaptability of H. halophilus. A: Growth curves of H. halophilus
wild-type, AluxS mutant, and its complementary strain AIuxS (IuxS) in the presence of 0.5 mol/L or 3.5 mol/L
NaCl. B: Survival rate of indicated H. halophilus strains were determined after treatment with 5 mol/L NaCl.
C: Accumulation of compatible solutes proline and ectoine in indicated H. halophilus strains. *: P<0.05;
**: P<0.01; ***: P<0.001.
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Figure 7 Deletion of luxS affects the biofilm
formation of H. halophilus. Data shown are

meantSD from three independent experiments. ***:
P<0.001.
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