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Effect of sodium houttuyfonate on quorum sensing system of Pseudomonas aeruginosa
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Abstract: Objective To investigate the mechanism of sodium houttuyfonate (SH) against Pseudomonas aeruginosa (PA) targeting
quorum sensing system. Methods The microdilution method was adopted to determine the minimal inhibitory concentration (MIC) of
SH and azithromycin (AZM) for PA; The effects of SH on LasA proteases activity and pyocyanin production were detected by UV
spectrophotometry; The semi-quantitative PCR and qRT-PCR were used to detect the expression changes of quorum sensing regulatory
genes (lasl, rhll, lasR, rthIR, phzM, pgsA, pslA, lasA, lasB, and toxA). Results The MIC of P. aeruginosa for SH and AZM was 512
pg/mL and 64 ng/mL, respectively; SH could significantly inhibit the activity of LasA proteases, and pyocyanin of bacteria; The
morphology of P. aeruginosa was observed by agar plates; Furthermore, semi-quantitative PCR and qRT-PCR results indicated that the
expression of lasl, rhll, lasR, lasA, pslA, and phzM was significantly impact by SH. Conclusion The results of present study suggest
that SH possesses anti-quorum sensing properties and plays a role against infection by anti-quorum sensing activity.
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1.1 EFk

PA ( ATCC27853 ) . 4 ¥ & 1 % Bk &
(ATCC25923) 30T~ H [ i 24 i A i A Bt o
1.2 75, RFIFLES

SH (#Ib'5 100247-199601). Fi# % (AZM,
b5 130352-201007), 40T+ £ 5 25 S e it
Fbt. LB Kigedt (Jbni AR Y ARG R THT
AF); pH 7.4 BERERSE M (PBS, i LA
YIRS AT Total RNA FEHURF . 1004 564t
%5 (TIANGEN A 7]); PCR A (TaKaRa 24
Al D SEW YOG E & PCR (qRT-PCR) 2 W iRk 71
(QIAGEN A7), DPH-9162 BUEIRE I (_ Lifg
—EHBH A PR AT D NRY-200 B4 & A TEEFER (-
TR RS E WA AR /AR]D;  SpectraMax M2° %
Difemgtr [RA 7 7 (R ARAR 1
GL-20G-1T 3 B Bl C g e S RF 22 A 3%
J7); Eppendorf 5417R i % VR 5.0 HL (£ [EH
Eppendorf /4 7] ); Tgradient PCR 1 ({ [ Biometra
AFD; ABI 7000 %656 5E 5t PCR 4 (S A=Y R H]
RYAT)); FluorChem M BEIREG /iT 248 (5
Protein Simple 72 ] ).
2 HE
2.1 BERECH

¥ PA BERPEA LB W93k, 37 CREARRESE
AR, B RE, FEHJCH PBS HELE I
B4 600 nm PAKAEBIERE (Agoo) 14 0.05, £ 7,
22 sUMIEIRE (MIC) BYNZE

KR RREIE SH Al AZM X PA K

MIC. W25 1 BTl SRR BE 340 2 048, 1024, 512,
256. 128, 64, 32, 16+ 8. 4. 2. 1. 0.5, 0.25 pg/mL.
1E 96 FULB TR 2y 51 8 ANEAL, REALA I
T 100 pL 5 2590 (I35 7240 100 pL k. RS
JE BT 37 C Nl ERR 24 h, WE dgor SR
LLLEE, IR IE 80% (1) 5% 1% 25 4 it & vk 5
MIC. SEHRHEH 3 K.
23 ZHEEREEXR

4 PA R4 6 mL 545 SH(1/8 MIC. 1/4 MIC.
1/2 MIC. 1 MIC) 1 AZM (1 MIC) VA LB 1%
FREARE R GEMER 1%), 37 CRKRFE. A
2y s IR PIbE X . 5555 24, 72 h )5, KEE
¥ 12 000 r/min B0 1 min, FEHC W 5 mL IEh0
A 3 mL &5 780 A9k, 4 500 t/min 2520 10 min.
FERERE R 5 —E D, N 1 mL 0.2 mol/L HCI,
TR BRY L0 (AR R4, 4 500 t/min 2520 10 min.
MEHAE 520 nm Ab Asyo LRI RITELL A5y X
170725515, REANKR R ¥ 3 AN EE
2.4 LasA EAEGEMHRINE

PA FRh S 2y b BRI “2.37 T, FARTR 294
WREEAER 72 h 19 PA B3 FNAE WK &3k 10 min
4Tt KB & [ 10 mmol/LNa,HPO,
(pH 4.5) FLRBIE oo N 0.8] #2119 (FARN
b B2, M AR A G 04 54 104 204 30, 45,
60 min B Ago, MIMTHE H A= 0 LasA KA
AR AR B 3 AN .
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¥ PA FERM R LB WA IR 56, 37 CHEIRYR
iR RIRBEK S, B 10 pL MR S A
40 pg/mL WL 15 pg/mL 2% I W2 05 A5 R [AlK
FEE 20 JB 2 1 IR [ A s R e v o 2R BE S oy 2
Al “23” I, BgEs5dfE, MEREEEE,
2.6 SH % PA Bf %Az #H X EFE FRiXHI S0
2.6.1 s RNA f$2HC 0.2 mL(7.5X 10° CFU/mL)
PA W HR] 5 mL & A AN FIREE 29911 LB #5595
Hrh, 37 CAEH 72h J5, 10 000 r/min £5.0» 2 min,
WAE R, FJCHE PBS #ik 3 WG HET B RNA #
G, 7Y RNA KREE, AR E 8. #IE)
A RNA SO BT . IR Sy
I “2.37 I, FAWREY®RIANEL.
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Table 1 Related gene primer sequences for quorum sensing

system of P. aeruginosa

B ERGH (5°-3) K514 (5°—3)

lasl TTGCTCGCCGCACATC GGCACGGATCATCATCTT
thil  ATCCGCAAACCCGCTAC GCAGGCTGGACCAGAATAT
lasR CATCGTCGGCAACTACCC  GCGCACCACTGCAACACT
thlR  TCGGAAATGGTGGTCTGG  CGCTCGAAGCTGGAGATG

phz GACATGGTGCTGTTCTACGG TGGAATGCCAGGTTGCTC
pgsA TGGTGGTGCGTGAAGCC GGAACCCGAGGTGTATTGC
pslA TACCGGGCCTGGATGA CGGCAGCGAGTTGTAGTT
lasA  CTACAGCATCAACCCGAAAG TAGCGCCGCGACAACT
lasB GTTCTATCCGCTGGTGTCG  CGCTGCCCTTCTTGATG
toxA GCGTGCTGCACTACTCCAT AGCCAGTTCAGCGACCAA

poD  AGGCCGTGAGCAGGGAT GGTGGTGCGACCGATGT

2.6.3 Wikl cDNA  HIHE 0 S i R G i 1S
47 . 8 uL RNA 481 (42 °C, 3 min; 4 °C, 5min),
B Mix 387 ( 10X Fast RT Buffer 2 pL, RT Enzyme
Mix 1 uL, RQ-RT Primer Mix 2 uL, ddH,O 5 uL)
R G W R AT 5% 42 °C, 15 min;
95 ‘C, 3 min; 4 'C, 5 min. NMN5EHJEKE cDNA
ik 10 %, & T-80 CHH.
2.6.4 5EH PCR Ml QRT-PCR S & & PCR
S K H Takara 22 @) ) LA Taq 87 & o SOV 44
THARME 95 °C, 5 min; ¥ 392 BRI 35 MEH: B
P95 C, 30 s; Bk 56 C, 30s; ZEfH 72 C,
30 s; BEMFEMIWE 3 ANES, WRER 3 K.
W4 AT 2 DNA TE 1%3 e b e L 3E1 T Ak,
SR JE % . gRT-PCR )W Kl QIAGEN /A ] )
Realtime PCR Master Mix (SYBR® Green) it# %,
RN At TARTE 95 °C, 60 s; §THEE BT 40
AMEFR: ABPE 95 C, 40s; 1Bk 56 'C, 15s;
72 °C, 30s; MEfERhZE: 60~95 C, nudix
23 0.1 C/s. qRT-PCR 735l 7€ H )& A lasl, rhll,
lasR. rhiIR. phzM. pgsA. pslA. lasA. lasB. toxA
K M2 rpoD ] CH, SERSPATES 3 IR, Sgs
R . FED R IE AT A5 SR ok K oR
(27AACt ng—) [29]o
27 FHIrEFRE

SPSS 17.0 BKAFRATGL 24404, Rl
X s B, AR VBRI R 204

3 &R
3.1 Z4IH) MIC

K kB B V2 75 SH AT AZM X} PA ) MIC
4394 512 pg/mL Al 64 ug/mL.
3.2 MEREKE RIS

SRR F O PA PRAEIN R EEME I,
HZ 5B a5 SHIED0R AR A AR
1 YA B A P 2% o A 2
(PR e RIRAR SR (0, Wl 1 FToRAERs IR AH
[N T) R, 6 RRZH PR I (B B R A IR SR, Ui ™
sk R FE % (E459% 24 h I 1 MIC SH
AZM HPELVFEAZ, RADbENSE; bE
SH o0 52 (1) 386 I R B B (A W A v, T B 4
MR A 22 T SH ] 22057 = A
Ao B R IR I 1] (1 S K S e B 25 (1) AR AN T 1)
B, B 72 h NS IRE R G R R T 24 h,
{5 FH 24 41 1 23k a1 22 185 n i 2 S 35 /N T 0 T A
(P<<0.05). £5913R M SH AL R Sk ik i 25 1)
B, I IR AR .
3.3 * LasA EREEFEMERIFM

PA B T HEWS KB A5 AR IR 3 2 oh, i g4
ALK EE S 7, 0 LasA 2 B4 80% Hle 5 &
FVEA, AR SRS R R P SRR A5y
HeCEEEME SH XF LasA 2% FABHEYER 0.
2 L, Hxf AL LR, 1/8 MIC SH. 1/4 MIC SH.
1/2 MIC SH Al 1 MIC SH 41 LasA & (B3P 51
BEAMHI T 58.4%. 80.5%. 87.7%H1 90.3%, - 5LH,
FEAHVE R . Ak, 1 MIC AZM 4111 LasA
HEAMETER 2] T BFRAE (92.5%). %259
HERHAIE R, 2= R8T B3 (P<0.001). 45
RFH] SH X LasA & [ BvE AT b 25 (44 o
34 SH WREERSHISNE

Wi 2 Frow, XFRRALTE R TR 240 0 H AT R4k 1)
W, AZM AR T RO TR T, % SH 4111
FREASRE AR R E A . b SH 259 =ik
FEE VRIS IR 7 v ) (RO RE A0 20 AN T (1098, i 1 MIC
SH 4 v A3 6T TCRR A
3.5 XF PA BERRXINHEXEERTIERIF NG

K] 3 29 SH X PA BEBGSUNAH I R F L 5 M 1)
g H PCR 4550 #—PH A qRT-PCR EAKG M 1
SH X HEBGSUNVAHSSE R R IAMIREm (3R 3). Sxf Y
ZHELE:, 1/8~1 MIC SH ZHF1 AZM 4 lasl JER A
NREEU B R 2,500, 7.407. 8.1304 9.090. 4.910;
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A = 204 &3 1/8 MIC SH
A\ ; J \ £31/4 MIC SH
— 1.54 D 1/2 MIC SH

S RS
@&JKL

24h 72h

a8 b-1/8MIC SH ¢-1/4MIC SH d-1/2MIC SH e-1 MIC SH f-1 MIC AZM, Sx/I4It4: "P<0.05
a-control b-1/8 MIC SH ¢-1/4MICSH d-12MICSH e-1MICSH f1 MIC AZM, "P<0.05

ez 1 MIC SH
1 MIC AZM

sk ok

é%ﬂi%ﬁ'ﬁ%/(g

e @Q

*™*p<0.001

“P<0.01
™"P<0.001 vs control group

“P<0.01

1 SH 3} PA SREKERIINEIER (X £s,n=3)
Fig. 1 Effect of SH on production of pyocyanin in P. aeruginosa (X £s,n=3)

#R2 SH LasA EFEGEHERIFMER (X £5,n=3)
Table 2 Inhibition of SH against LasA activity (X £s,n=3)

215 LasA i 1/(Ago0h " 'mg ™)

X 0.308+0.084

1/8 MIC SH 0.128+0.047"
1/4 MIC SH 0.060+0.008™"
1/2 MIC SH 0.038+0.009™"
1 MIC SH 0.03040.002""
1 MIC AZM 0.023+0.005"

SRR A T P<<0.001

""P<0.001 vs control group

1/8 MIC SH 1/4 MIC SH

1 MIC AZM

1 MIC SH

1/2 MIC SH

B2 SH X PA BERSHIZN
Fig. 2 Effect of SH on colony morphology of P. aeruginosa

lasR FEPR N AR £ 04 1.037. 3.610. 4.219.
8.403. 8.772; lasA JEPH NfEE 54 1.611.
3.635. 6.177. 8.938. 9.092; pslA FE[X i {5 %5
WA 1171, 1.764. 4.926. 10.282. 2.137; phzM
FER A E 54 1.541. 2,609, 5.366. 6.612.
8.474, SRifi, SH X rhil JLPZEEH LI T e
H, X} rhIR. pgsA. lasB. toxA &R JG 2 520.

1 23456M 123456M 123456M

lasR phzM

123456M 123456M 123456M

pslA lasI lasB
123456M 123456M 123456M

PasA rhIR toxA

123456M 123456M

rhil rpoD

1-1 MICAZM 2-1MICSH 3-12MIC SH 4-1/4 MIC SH
5-1/8 MIC SH 6-Xf/i{  M-Marker

1-1 MICAZM 2-1MICSH 3-12MIC SH 4-1/4 MIC SH
5-1/8 MIC SH 6-control M-Marker

3 BERMAXEEFES PCRER
Fig. 3 RT-PCR of quorum sensing and related genes
4 ifig
PA J& ESKAPE 4 J /& (Enterococcus faecium-
Staphylococcus aureus « Klebsiella pneumoniae
Acinetobacter baumanii . Pseudomonas aeruginosa
2y Z—, .yj'ﬁﬂ]%%iﬁﬁ (escape) ZFiHit
?E’J/Af” B2, (AN 2= PPN AEA
M 2454, f”/\,_ Jett RAR I R AED)
Eﬂ@@xﬁvﬁfe PA % EI 251k 1 B R 40
.JH: FEUECP I T S 3 AR I A 2454
AT H 2 AZM IR L R
%W@ua&ﬁi%, AT RAFr40i PA /EH, Hbt
WAL IR B S b AR R R G,
HHNT YRR, EshhE kP, Rk,
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Table 3 Effect of SH on P. aeruginosa quorum sensing gene
o B R R IR
lasl lasR lasA pslA phzM
1/8 MIC SH 2.500%+0.314 | 1.03740.129 } 1.611£0.190 | 1.17140.193 | 1.5414+0.249 |
1/4 MIC SH 7.40710.694 | 3.610+0.381 | 3.6354+0.329 | 1.76410.268 | 2.65940.321 |
1/2 MIC SH 8.130£0.960 | 4.21940.382 6.1771+0.512 | 4.92610.326 | 5.36610.698 |
1 MIC SH 9.090+0.908 | 8.403+0.319 | 8.938+0.887 { 10.282+0.887 | 6.612+0.789 |
1 MIC AZM 4.910%0.505 | 8.772+0.481 | 9.092+0.712 | 2.13740.174 | 8.474+£1.024 |
g1 SRR R A
rhil rhIR lasB pPqsA toxA
1/8 MIC SH 1.08540.090 t — — — —
1/4 MIC SH 1.2404+0.152 ¢ — — — —
1/2 MIC SH 2.736+0.515 ¢ — — — —
1 MIC SH 5.720+0.645 t — — — —
1 MIC AZM 0.816%0.094 | 4.34740.724 | 6.5311+0.552 | 2.3754+0.213 | 5.106%0.547 |

VIERIRIE T, JERRRIE B — IR R R

V -gene expression was down-regulated; 1t -gene expression was up-regulated; —-gene expression was not affected.

FEASEEG 1, 1 MIC #KPE AZM b3k 52 & A FH
PEXT I

PA " BAEAE 2 PR EL DGR A O Y 1 4
R, 92 Las F1 RhIP7, I H P AEAE LG
J¥, Las ZERTIE—EFEEE LH#E Rhl. Las REAUHS
SR AT REIA lasR RE 590 A kA lasl, Rhl
RO SERATE thIR FE 520 14 R
rthil***%), Las 1 Rhl J& T Lux B EEAE S 2%, 7
TUE T I . lasR A& PA Las R 4011 B 1%
K7

FRHE AR A 9T R W SH fgts il il i BEmR &L
B B IS RN HE B 3L TR R ks, HAIsE IR b = A
RUIZBhEE ST, BT PA EMIHIE 1 Jem )
ARG, ARSI 4 AR SHRENS AT A3
il PA BB A6 15 ) IR 1 CU SR IR B 35 LasA
WA BN, JFRel &M PA HIEIIE
IR 25 RIE R SH BEREHEF Hu T
SRR ] Las BEESON RS 501
A A lasT AL s 15 5L A TasR o f- 52 5t PCR Al
qRT-PCR £ 3L M2 F] lasR IE AN lasA Al
pslA BEPAIRIATE SH AEH N B3 R IF 2 ) E Ak
AR (R O lasA R pslA BRI 43 S
LasA 5 [ B 1) G ORI AR DA N IR T B o R 1T 25 1)
A phzM (RIEEAZ 3] T SH (1sm Z0 /e
H, H phzM 5523 lasR 1 1 [0 5. 5 6AH
J&, SH X rhil JERFZREH BT ERIER, Xt

rthIR. pgsA. lasB il toxA FEPI A R, 1] SH
HATR e ] Las R4 SIAHRIER LIS, T
AZM D)2 3 ik 5 0 22 e BE DR 1) 4 s AN TTD 5201 Las
1 RhI RGP TR K1 AR Wl AT AR K (1) 2%
2, AR TE OO 2 R R Canggfik R
2. BRI AEFVINR, XNz 5|
T E F  2,

LR LEPTE, A RKY] SH 51 PA HUHLH
A e e AN G PA FEESALNY. LasA R4E, MM
SEM T TSN A (R AH OGR4
T PA MBI AR IR T e, T A 4%
THUEER, UU] SH R B —ASHT A I
PURFIRAN 259N T IR . SR, SH $t PA H/
RN BARBLI RN 2, T2k — . A
IF IR 7R AR AR 93] 2 7 24 ) BE ) b ORI
N 2449 1) T SR
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