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Isolation and screen of quorum quenching bacteria in Situ
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College of Horticulture and Plant Protection, Yangzhou University, Yangzhou, Jiangsu 225009, China

Abstract: [Background] N-acylhomoserine lactones (AHLs) are used as the main quorum-sensing
signaling molecules in many Gram-negative bacteria. [Objective] To screen and identify new quorum
quenching (QQ) bacteria from soil organisms. [Methods] We used “washer method” to grow organisms by
cultivation in situ. QQ bacteria were screened through “agar slice”, “reporter plate” and the assay of
B-galactosidase activity. The phylogenetic status was determined based on 16S rRNA gene homology
analysis. [Results] Here, 502 organisms were obtained from the soil samples in situ and screened for
AHL-degrading bacteria using A. tumefaciens NTL4 (pZLR4) as a reporter strain. Eleven isolates
degraded AHLs within 24 h. Based on their 16S rRNA gene sequences similarities, five isolates (3-49,
3-58, 61, 66, 120) and four isolates (3-59, 151, 3-41, 2-34) were assigned to the genera Pseudomonas and
Acinetobacter. Strain 2-63 and 129 were identified as Proteus sp. and Rheinheimera sp., respectively. Most
of these strains degraded strongly 30CI12-HSL and were active against 30C6-HSL and 30OC8-HSL.
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[Conclusion] This study showed that Proteus sp. and Rheinheimera sp. may degrade AHLs, which might
provide new biocontrol resources to control of the quorum sensing-dependent bacterial diseases.

Keywords: Quorum quenching, N-acylhomoserine lactone, Proteus, Rheinheimera

BEARJER)V (Quorum sensing, QS)J2: 4 1 1) &%
RIS A5 5 43— 10 VA B 4 W 2400 TR A 2 B 1 R
I DT Bl 5 P AH G 5k BT A 28 ke 338 0 PR 1
ARk, AN R A A —Fh o R 2k
3 i 4 T A0 e A R Y R G R R4 B R TR A AR
ik, DR IR ER N 2R G 2 T AR I AR 0 o B TR
Fro IXAPXTATE QS PHFEHLI A T HE AL FR A HE
AR P4 K (Quorum quenching, QQ). FHIMIX LE(5E
30 R T PR O A K EARGE Y N-TBE
51 22 94 FR W iR (N-acylhomoserine laetones, AHLs)
VEK TG FEEA 3 Fh2AY . NESHF(Lactonase), HR#
fife o 22 AR N R FR 5 WESEE L BB i (Acylase), P
AHL 3 R 15 22 B TR N R i 25 BRI R s %84k
i J5L i (Oxidoreductase) ,  HJKF e 5% A7 o5 5
16 MBRILA I IR, B 2000 AFE4GEEE —A4
AHL VK ALA DI, 204 40 4> AHL VK B
IS5 s R igAT, b IG5 AHL MR,
1 L3 G F AHL R AT AHL Ji 2 iAo 4™
FH T4 TR 40 2 55 SR B AR R AHL Y4 K T 18 41 45 o
AN R RYE, CHRIAR AHL FEAR R R 295
AEARL, T H 2508 K il I (R 28 4% v b I 50 B 17
MU AT . DRI, SE a5 it — 2424 AHL
AR K it DR B R 2 T PRI wf

A EEL AR T, afl HER D
BRI IS TR IR, MR S FR ], R
P M AS Z SR E AL A5, BN AR R A
SO BRK . TR R N B IR S DI A5 N 1
H R A B A A FRE D). Kaeberlein 25 L%
T— Y HOH (Diffusion chamber) fEARL [ SRR
H M B ARAT T —SE A Y, Nichols 257 7E
B Al B SR A Y — B B8 i (Iehip),  Ichip
] SZ I S R B AN B, 3 o R s
AT DA A5 N A 3 2 B RS P A B o IR RUE
BRI 50%. AAFFEAE Ichip K:fifi b 40038 b 44 Bl

TSR] 3 DX Ay B A, SR BUIR 251
P ARG B2 LRI 0 R I R kR A T
S0, FEAN R R GRS, IR I X AN [

i 50 TIIREARRE ST, B AR R A SRR, P 2K AR
TR R
1 MRS A

1.1 HEEK

G55 AW YOURF M E Pseudomonas
fluorescens 2P24 H2 5 MY 134T Agrobacterium
tumefaciens NTL4 (pZLR4)®! (Gm", fdi k3 20 pg/mL)
FHE A N AF 5 43 F B A% g 7 A6 TR 45 AT TR
Ochrobactrum sp. T63!" iy v [ 4\l 275K Fr 2L
PR . 35 ARSI A R 24 ABM 15 3R 1E
28 °C. 180 r/min J& % 15 7% 48 h & FEfRA5 540 F
MIRETT . N-GB-AARC ) 2222 NTR(30C6-HSL) |
N-3 - K& - bk 2 1= 22 24 2 IN i (30C12-HSL) Al
N-3- ¥k Bt = T ik 5 22 24 B2 N ik (30C8-HSL) 1 H
Sigma 2\ H] .
1.2 EFE

ABM 572 3E(g/L): ¥+ 880 mL /K BAg g
IR 2 50 °C, Al P KA R 50 mL
20xER I (NH,CI 10.00, MgS0,4-7H,0 3.00, KCl
1.50, CaCl,-2H,0 0.10 F1 FeSO4-7H,0 0.03, 718
7K 500 mL, pH 7.2). 50 mL 20xZ% #ik (K,HPO,
30.00 Al KH,PO4 11.50, Z&f#7K 500 mL, pH 7.0)
120 mL 10% H # B2, il 45 A & ABM 155501

LB #5775k (g/L): BREEFIR 10.0, EEBEEIRY)
5.0, NaCl 10.0, pH 7.0-7.2,

CN Kigdk(g/lL): MKAEEEN 1.0; 4RE
B AR R 1.0,

Z buffer(g/L) : Na,HPO, 12H,0 214 ,
NaH,PO4-2H,0 6.2, MgSO,-7H,0 0.2, KC10.4, p-
Hidk 2w 7.0 mL!',
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1.3 FERFIFNEF

TSILLTF 4E Z B (EA% 0.22 pum 1 0.45 pum), i
FESLRR T A BRIl 5 B B R (50 pg/mL) ik 2k P
(100 pg/mL), INALCO A rl; #ERE GWEGR
1000 %), ATCC ~wl. fHIERIGEFRAE, TIILRIYL
s WERAEEAL, WEERAE AT
PCR 1, DL EAEA R AR oL,
Thermo Scientific /A ] o
1.4 P.fluorescens2P24 Ffi = {5 S MR &H &

P. fluorescens 2P24 JH 900 mL {4 LB 5% 55 5t
£ 28 °C., 180 r/min #RHH55% 24 h, 12 000 r/min
20 15 min ZU0HE, FEM IR CERAHL, 32 °C
Ve EAANUMG ) 2 mL B AR , R
F-20 °C % . (550 THEER RSB 4 M55
WRERERE: 2. 2x107", 2x1072, 2x107° 4%,
1.5 BEVES EME

2 Nichols 2V ik, meAEE., K AATH]
b DR AR ) B AT TR IR IUSER, K 0.45 pm (1)
TRCFLE B A 3 1T (398 v 20 7T B A3 1o X
Y, DB NARN 3 om ROEE, SRR
FIHI B P R K BUIR B SR 3L m A B v, F 8 3R AL
eGP 0.22 pm BBEFLIE B B e K Biiis
(& 1), BHAEZEE, & 28 °C i 10d)5

W, Keahig Uieg 4 ¥, 4350F 5 mL Y CN
BEgesLd, 28 °C. 180 r/min FR¥%HEFE 1 d Bk
B, BREFRWAE LB P R Rk, 28 °C 5323 d
Je 1 O [RI R 285 B4 B0 B 75 R AT
1.6 AHLs FRE R GHIE

AHLs 1E NG SYI RS S NTL4 o
lacz FH R sh PRk, 7oA -3, &
WEYE KNS E S0 F 20 2 IEAH O, Br LA
I R A T 7 A A I T ARSI £ 20 o T e
S TEYIIRERIRE ST . AHIFSER BG4
it WA THEPEGE G, ik AHLs ML
B, BB BB A A s — 5
1.7 FNHEXNER QS ARGt TFHAE HRINE
1.7.1  FFNEEINDIIRT QS RGERITHLAE

W 600 L TN A0 TR T VROFN S5 AR R 15 TR 45
FEWIRA 5 28 °C K73 30 min J5 il 20 uL {5551
FHEW , 28 °C A 6 h J5 12 000 r/min #.0> 5 min;
e DTN -2 LB A A TE 1 o BTG 1 1
& TELL AR B8040 % 1 nmol ONPG JIf
T B 1 NS B (U)o 1 U=(1 000xOD4y)/
(TxVxODggo)o T FRon B-PFUHH Bl I S L Y
B[] (min); V 785 Z buffer 1R-G B & 78 41 i
AT (mL)

G

N
5

Soil

1 BEDRRAEFDRPHEY

Figure 1 “Washer method” for in situ cultivation of soil microorganisms
W 1o B 022 um FLUENE; 2. SBHE; 3. HAZ 045 pm MFLIEAR; 4. s . B4 ZE KW ERERRSY.
Note: 1: Top membrane filter (0.22 um diameter); 2: Metal washer; 3: Bottom membrane filter (0.45 pm diameter); 4: Mixture (agar+

vitamins+nystatin).
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1.7.2 #FNEEREAST QS REGH T

H T TC R AR AK I B 2 UK, TC B e
M 1x10%-9x10° CFU/mL 4 £ 7% 3% 5 B 400 pL
520 uL {5 SHHRRIRS), 28 °C. 130 r/min £53%
4=5h; 12000 r/min B5.0> 1 min J5¥ FiEH - S5k
B SR W% 2:1 (RFEL)IR IS 28 °C. 180 r/min
PR HFE 3 h, ME ODggo, 12 000 r/min Z5.0> 5 min
Je S TTTE AR R B-2 LR B A TS U
1.8 16S rRNA EFE W RERFTI S

K CTAB/NaCl 7532 iU KL K 2H DNA fE
M, LAY HEANE 16S rRNA LR RS54
63F (5-CAGGCCTAACACATGCAAGTC-3")#il 1387R
(5'-GGGCGGTGATGTACAAGGC-3")i#417 PCR ¥~
#EU ) PCR P Pk s A T AR TR ey
AR o K BT iR)p 5185 NCBIL Wl ifk 4T
BLAST LX), SEHGRLIM: 96% 4 ERYTH, 4G
HAA AR, K MEGA 5.05 S Ef T fE
BT, HETF AR AHEE (Neighbor-Joining, NJ)F4) 4
MR 16S TRNA LR R 5% bR, 1000 kA
2 (Bootstrap)HEA T HEAL I B AT (5 PG,

2 ZRE454
2.1 BARNESHEERAERENSBE5FE

i BEE L B 3 502 ARAHTA o IR
2P24 HREUNAE S PR RS . TBRE 2%
Pibfe e AU AL, L AR RE 2 000 A5 H 2 TR A 7k
Wi, PR MM I L e B ol AR B 200 A5 1E 540 1%
W, A tumefaciens NTL4 (pZLRA)E B4 1 % £
SR AHLs ZERIA(E 540 F RIS , 0k NTL4
lacZ JE[NFRIE, 74 B-2PRLMHITRE, J0ff bRk
H X-Gal S0 (0, I HLWEBE Y K /)N a] 422 S i o i
HE PR 5 553 o 30 2ok B 2% ) 0 04 25 TR S O e
ZA53) 21 BRANTE .

itk — L WA R A AL QS RGE T
RETB =, 3 ARG I A5 D 240 B 5% R I R
Xt QS RAEMTHLRE 1. ERHAEHIFFIE T3 AJ
FAAERERE AHLs Y NBRRE, I HIZBE 240N

K AERE AT it S R AR Te3 Hedk,
TEF 11 PR EA B0 A e Bl 5 1k ) A BT, S R R
120, 129, 151 FiEWH B-2FRL0EH BT S 8%,
A AR T FH X BE (] 2C), DEBHIX 3 BRI AT LI
P AHLs P /- W B 552D s AR 3-49.
3-58. 3-59. 61, 66 FERBRE A B-2F FL0E 1 BETE
PERAL, ¥R EMLFHEX & 2B, D), Ui
X 5 BRANE SRR AHLs FEA#BEAA7E T MO B
Pk 2-34. 2-63. 3-41 JLNSME B2 ZLBHTT BT T
PIRAR, UL WX 3 BRAHTA W] BB 2 A IE—Fh AHLs
V(K 2A. B).
2.2 BHARRRDRRHEMN S LLEE

W03 BRI 11 BRIV K AR 16S
rRNA JE[H 741 F 143 NCBI 5 B bR ERE R 16S
rRNA JEHEFHIHEAT X, 25 REIER 3-59 F
151 ¥ S5FRUER R A pittii CIP 70.29 AHLEL 99%,
WPk 2-34 1 3-41 Sr5) SFRUERR A, baumannii
ATCC 19606 FI A. radioresistens DSM 6976 AH bl
J 99%; itk 3-49 5 P. gessardii DSM 17152 #H 1l
JEH 96%; Ak 61, 66 Fl 120 55 P. granadensis
F-278770 ALY A 99%; W Hk 3-58 5 P.
taiwanensis BCRC 17751 AR R 99%; FHE 129
S#r#EE Mk Rheinheimera tangshanensis JA3-B52
L N 98%; Hfk 2-63 btk Proteus
penneri NCTC 12737 Fl Proteus vulgaris ATCC 29905
FRALBE AR 99% LA o T H 11 #R4HEE 5 45 A AR
P B B B HE R TE R GE LR B4R TR ] — o3
X R(E 3). LR b, A EARRIN 11 AREEAERN K
ML ET R 4 NE, NP RIEGE ). &
FMITEJE (5 BR) . AR (1 BR) . S iR IR
J&(1 #E)o
2.3 MNAEHES S FRIFERIEME T

Wt RS AR, L3 R ERE ST
30C6-HSL. 30C8-HSL #i1 30C12-HSL Uiy, #i
IR A AR AN FE S50 F IR RE ). & EAFTAE
T63 =/ 1Y) AidH N EEAR AT X 3 Al 54071,
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Figure 2 Quorum quenching activity in culture supernatant and culture cells on QS system

TE: B A A CFORABESNLY D B-L LB T ARG [ B A D FORMNE R B-FFUHTEEGE 4 C Al NC 43BN BN HR A

[SERES ORI

Note: A and C: The activity of B-galactosidase in culture supernatant; B and D: The activity of f-galactosidase in culture cells; “C” and “NC”

indicated positive control and negative control, respectively.

VERARSCS BRI o 45 53R B R 4310 00 441 1 7T 5
2REf# 30C12-HSL, AGHEAZEE, Hora4iEn]
F4f#% 30C6-HSL Fl 30C8-HSL , % 45 i #4 BE AT /)N
FRHMEXTRE (R 1),
3 WE4ie

A 8 A5 PR B AT A A Ik E
10°-10° Ffr, {HFE ST Y SEH6 A6 1F T T 0B 5 g ol
KRB, BRADAE 99%MIAEYITE R FK

?A SUFMELRL 3 B RAS , X (T2 M B U T A A

SZ B BRI, e DR 4 AR A AN B SR A )
ﬁ’ﬁﬁﬁxﬂf rh S DNA A7 v R e ok S8 il X A~
R, A LA I 2 3 PR 4 2y i % AHL Y
KEFHIHRAE , WM EERE BpiB07 . BpiB04, BpiBO1 .
BpiB05. QlcA, AHL FiEF5HEF QsdB, AHL 4
BI85 BpiB09, SR A 3587 Jk PRI 20 SC 1% v i
e QS PR FE3I A BHE T2 BEMERAT SR B
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Acinetobacter pittii CIP 70.29" (APQP01000001)
Acinetobacter pittii W26 (KY922994)
71359 (MF957292)
95 | |Acinetobacter calcoaceticus BL5 (1Q923443)

151 (MF957289)
Acinetobacter calcoaceticus DSM 30006" (AIEC01000170)

2-34 (MF957291)
100 Acinetobacter baumannii ATCC 19606" (ACQB01000091)

0 Acinetobacter baumannii MV 14 (KR061888)
3-41 (MF957290)

4{ Acinetobacter radioresistens DSM 6976 (BAGY01000082)
100 gcinetobacter radioresistens GH16093 (KY767537)

100 Pseudomonas taiwanensis BCRC 17751" (EU103629)

Pseudomonas taiwanensis SR4 (KY514158)
3-58 (MF957294)
67 - 3-49 (MF957293)

100 Pseudomonas gessardii BD09-00267 (KU647663)
Pseudomonas gessardii DSM 171527 (MNPUO01000117)
1L 61 (MF957295)

Pseudomonas granadensis F-278770" (HG764746)

120 (MF957297)

66 (MF957296)

32% Pseudomonas granadensis ICE108 (KX588593)

Rheinheimera tangshanensis CH1-14 (JX971544)

100

100 N
Rheinheimera tangshanensis JA3-B52" (DQ874340)

129 (MF957287)

100

Proteus vulgaris TW-7 (KT887953)
Proteus vulgaris ATCC 29905" (DQ885257)

42| Proteus penneri NCTC 12737" (DQ885258)
55| 2-63 (MF957288)
60" Proteus penneri DSM 4544 (LN809884)

L —
0.02

3 ET 16S rRNA EEFFIH RS H# 1L

Figure 3 Phylogenetic tree based on 16S rRNA gene sequences

TE: A3 BB ARE, FRRIOR 0.02 TR ESR, JFHIE RS THSH.

Note: Numbers at the nodes represented the bootstrap values. The scale bar 0.02 means the nucleotide substitution rate of 0.02. The sequence

accession numbers are shown in the brackets.

AT ST N H P A - ER BT 4 5 3 (9 4 A
Hifide 53] 11 #k AHL #ORAEE, 248 16S rRNA
HF50 534, 4585 3-49, 3-58, 61, 66, 120
MR RN, 3-59. 151, 3-41, 2-34 AR
SFFIRJRANG, 2-63 HARTEHAFIE, 129 N3N
BRICTR . AT S 4R B v i 067 43 5 3] ) 11 B B TR
A ZIAT B 8 24 SCHRARGE o . A fa R P
aeruginosa fil P. syringae #J1] 7= 4= 2 Fi L I AHLs

BEICHE RS, T H E B AR KA ST,
ARBIFF R ] 74 AHL B35 RS REAT AHL N
fig 020, Sun PN EFEANE Rheineimera
aquimaris QS102 11 Z. R Z FR$E By v 43 B 3R A% —
PN R ET, 2 T T T3 2 0 22 IR B P A A
(TR TE R, A I R A DG T8 B A 1 AR 1
Vi SR I AT 38 ™ A YR TR o fp T i 5 22 % R PN T
FonFiaE., AT, fHEFRDEATE
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Table 1 Assay of the AHL-degrading ability from different bacterial strains

SrEY 30C6- 30C8- 30C12- 3B MBS S

Isolate HSL HSL HSL Isolation location or reference
Ochrobactrum sp. T63 Sins HE ++ [10]
Proteus sp. 2-63 + + ++ INZERIE Chifeng, Inner Mongolia
Rheineimera sp. 129 + — ++ F M Changchun, Jilin province
Acinetobacter sp. 2-34 = - + IN5EARIE Chifeng, Inner Mongolia
Acinetobacter sp. 3-41 4 + ++ YL 3, Yancheng, Jiangsu province
Acinetobacter sp. 3-59 + + ++ YL#rER3E Yancheng, Jiangsu province
Acinetobacter sp. 151 - - A FH MK Changchun, Jilin province
Pseudomonas sp. 3-49 ++ ++ HE VL#ER3% Yancheng, Jiangsu province
Pseudomonas sp. 3-58 ++ ++ HF VL#ER3% Yancheng, Jiangsu province
Pseudomonas sp. 61 F - A FHMIKAE Changchun, Jilin province
Pseudomonas sp. 66 4 - ++ #H MK Changchun, Jilin province
Pseudomonas sp. 120 ++ + ++ F M H Changchun, Jilin province

W+ BERRE ARG WAL RE); +: BAF —ERME I @REET W) — KRN, FrabaEfs 5o Pk
% 0.001 mmol/L.

Note: ++: Strong degradation ability (Reporter strain does not turn blue); +: Degradation ability (Reporter strain partially turn blue); — No
degradation ability. The concentration of all AHLs is 0.001 mmol/L.

FRH B IR A XK 0 1 35 I ) AT 43 B 3 g
AHLs FEAR NG o SRR LT I BR - A i 255 3
FEIWFE . R 2R I, X 3 Fh A
BT L R B WL, R B, g
203 B A B 0 RS 3 AR ATY AR e A PR T,
FIREDR A R AT & ARG IR, (1455 B P R i
PSR LSRR, A SRR A y-C INFR AL 22
+4 1 AR EARELIE T, DRSS
W e R,

AN TR U 5 43 [ i B 4 IR 0 A 2=
o JHE N EREG AT AR Z R AHLs, iR
ity AT A AU (55 0, HABRMIRY)
Rk HLRHR A I ML B RS B AR A
SRR JE TR LY, A e Bl
FURE 3-49. 3-58. 61, 66 F1 120 A 5¢4xf%f#
30C12-HSL, Tfi%f 30C6-HSL FI 30C8-HSL 47 %5
SSBEARRE T, 2R TWEL A B T i — 2

W5, [RIAEHL Proteus sp. 2-63 il Rheineimera sp.
129 WX ABE(E 54> T 30C12-HSL HLAT H5i 1 [%
ffiG e, RIERAr MR 30C6-HSL, X 2 FhZHEfE
W f A5 5 o0 1 W R L SCHR IS, A R il — 2042
I 1) % i T 5 IR O A LA AL, Sk T
i T AR A AR SRR N 2R 58 3R 38 B0 T 11 200 TR 5
PEHEHT R A P B U
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