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1.1.1 B#k: Chromobacteriumviolaceum CV026 .
C. violaceum VIRO7 . Staphylococcus aureus subsp.
aureus ATCC29213 (S. aureus). KHFFH
(ATCC35150). 4B A @2 BRIF (ATCC29213)
IR (ATCC14028) B bR 34 Ry A 5236 % fR AT,
FHFRPA001-PAO 184 A UM I PR AT A 43 15
B4 (JCPAOOSHAIPAOL3), I PRFRASH, PRI

PRAR (DRI IR (R ERVR) 240, 2(EhR A (B i
YL FB AR 240, RARAS (WP I I Sk e 8 ok
I8 10y, HAXFArA (HAR g BRI 1, 15
A FRA LGy, MM IR A L AR A 4145
A1y, o,
1.1.2 FEEH 5 YR B (I
2, IR G B RHARAF]); Spectra Max
M543 966 T (Molecular Devices); FilmTracer
LIVE/DEAD PRI & (Invitrogen); Leica
TCS SP5 BOLIR A Wil (Leica, Wetzlar,
Germany); PCRi&jf| & (TaKaRa); HAIRKFE K
ST TR N A Wil
1.2 ZHERE. fES5%5E
WEEIRIRFEAS , SRHRIZIEAELBR ARG F*F
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27FF11492R#HFFTPCREZEGY 14 16S IRNA, HH45¢
BE HEATIN T, K I 45 SR S NC B R i 17
FEX T o
1.3 PFEXJZHPESTEERIBF A
RIS, PRk 75 70 T4 mLgT
B FEIE3T cCid KGR )5, JH#£Optical Densityg,
(ODgpo)E0.01, ZkZE¥EE1 h, B0k L, HE
AN[FH BEPFERY R TR M 15 ODgo 0.1, Hidf—E
AR fS, E ARE E
1.4 AW e SC
14.1 AEYEESENE: SHRPratF LRI 5™
FERMEIER . BMRAELBES 3R 2L37 °CH53:15 h, &
O EME, N LBERAEFEEE, W
ODgyoZ0.02, 7EIRE 37 °CHFE72 Wi, WRAER
WIFE L, BIHFWRAET-20 °C, T R4
Mg (Acyl-homoserine lactone, AHL)HEBUFIEE /)
PR o A JC R K DR 2, m A
0.1%45 W, IRMFHE 15 min, FRPER26,
BIAS mL 95%1) LB, FRgh i S is , M
WAES95 nmALODIHE .
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TR FER WL
1.5.2 LasABEHBHEMNE : 2 MKong® 1) 5L50
Y, I TR RS, aureus B RE T AR
LasAfR B PE. BE, B35S, aureusIH AW,
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ddH,0, M TAHLIEMEHTSEE . N-butyryl-HSL
(C4-HSL)H13-0x0-C12-HSLA5 5431 A6 1l £ 7
Chromobacterium violaceum CV026 5{C. violaceum
VIRO7He 5 Wtk &15 52043l i e i P4k
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1. IGRD BIAFREME16S rRNARFIL X RE

Figure 1. Neighbor-Joining tree of the 16S rRNA sequences obtained from P. aeruginosa strains. For phylogenetic
analysis, 9 type strains of P. aeruginosa and 16 isolated were used. The numbers in tree stand for evolutionary

distance and in brackets stand for NCBI ID number, respectively.
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Figure 2. PFE inhibits the growth of PA007 strain.
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1. PFEX} M A9IE5EHIHIE R
Table 1. The inhibitory effects of PFE on bacteria

Strains Bacteria number/(CFU/mL) t/min Inhibition rate/%
P. aeruginosa (isolated) 8.1x10° 30 99.999
E. coli (ATCC35150) 6.3 x10° 30 99.999
Staphylococcus aureus (ATCC29213) 72 % 10° 30 99.999
Salmonella (ATCC14028) 55x10° 30 99.999
P. aeruginosa (isolated) 75x%10° 120 100.000
E. coli (ATCC35150) 6.9 x 10° 120 100.000
Staphylococcus aureus (ATCC29213) 63 % 10° 120 100.000
Salmonella (ATCC14028) 45x%10° 120 100.000
(A) (B)
1.0
S 0.8
LB LB+1%PFE g
I - = 0.6 7
T e | ! .i air £
=TT .y £ 0.4 - *
. 8 . 2| liquids =
E 0.2
m
0

LB LB+1%PFE

LB+1%PFE

3. PFEHNHIPAO07E RS HIBEAI . AL
Figure 3. PFE suppress the biofilm formation of PA007 strain. A: image for biofilm formed on the glass tubes; B:
quantified biofilm attachment; C: biofilm formed without PFE; D: biofilm formed in LB with 1% PFE. *: P<0.05.
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15 PR 5 2 M5 5 i v AR W IR R B2, SR e B
PFEfE W] 1 1001 1L r 138K 7R ) A= W 2 1l (161 4)
&7 PFERT I R 73 £ 114 ) 2o AR BP0 v A= 0 M ) 1
IWEA ) Z AR
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Pseudomonas aeruginosa

&l 4. PFEHNHIIE IR 53 25 HOH6 47 16 B2 B BT A 2 DR S A
Figure 4. PFE suppress the biofilm formation of clinical isolated P. aeruginosa. The biofilm formations of 13 strains
clinical isolated P. aeruginosa (except PA002, PA006 and PA010) were significantly suppressed by PFE.
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&l 5. PFEXfPA007TE x5 J1EF& IS AT
Figure 5. Inhibit effects of PFE on virulence factors production in PA0O7 strain. A: pyocyanin produced in the culture
medium; B: qualified pyocyanin production; C: LasA protease activity; D: rhamnolipid content. *: P<0.05.
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AT f#PFEXTPAOO7 AR A VI ETE L VE T, FRAT]
WF9E T PFEXTQS RGN . QSR G H A AY
F3Fh. Las. RhIFIAHQ. C4-HSLAI13-0x0-C12-
HSLA3ilJERhIFI Las R A IE 550, 1iPQSN
FEAHQARG MRS 40+ TN e &
FEC. violaceum CV026 FIVIRO7IE T 1% PFEH
EFPAOOT7 B Mk & WA C4-HSLAI3-0x0-C12-
HSL i, 455 % 5% RRALAH LLPAOOT R B 13-
0x0-C12-HSL it f#(K T55%, 1MiC4-HSL & G
B E AR (E6), X figsEH TPAOOT A P 13-
ox0-C12-HSLA AR SCIE R 1) 238 32 PREFIIHI T 801 ,
Joitt, FeA1E FHgRT-PCRIG T lasl . rhlIFpgsA
KM, K PFERENS W2 Ml las[Fpgs A%
HEEIE, 2lik3.7/14.5 fiF (P<0.05, #2).
2.6 PFE5RHIAERX R EER

5 P R T8 A0 TR 32 B AR S (CandiAE R4

120 LB

B [LB+1% PFE

80 -

40

AHLs production/%

0

C4-HSL
%] 6. PFEXIPAO07EIFRAHLs & A2

Figure 6. Inhibit effects of PFE on AHLSs production in
PAOO07 strain. *: P<0.05.

3-0x0-C12-HSL

2. PFESTPAO07EHRQSHE X E E RIARIFZNG
Table 2. PFE affect QS related gene expression of
PAOO7 strain

Gene name Primer Fold change
F: 5'-GCTCTCTGAATCGCTGGA-3'
rhil R: 5-TCACACCGCCATCGACAG-3' 0-8 0.5
las] F: 5'—TCGGCGCGAAGAGTTCGA—3’73 7+03"
5'-TCATGAAACCGCCAGTCG-3' - :

R:
ﬁ: 5'-CTCTCAGCCGGCTGCAAT-3'

pgsd 5'.GCACCAACAGCACGCCTT-3' 45£0.5
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PLQSFRGEAPHF A T ) AT A i

A 5T 45 5 R A PFEAE BT AL M5y 10 B4
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IR T40%LA I, 1196 hfg#E—L 1 mEl60% L I,
FEPIQSHR S Jr i, PFEREMS B FE{IK3-0x0-C12-

100 -
N -
1

0.100

Percentage survival/%

0.010 1

0.001 -

LB PFE Glu
7. PFEXSRR KB RXIPACO7E MR EEAIHIHIER
Figure 7. PFE enhance antibacterial effect of

gentamicin on persister cells in PA007 strain. Glu:
glucose. *: P<0.05.
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Effects of plant fermentation extract (PFE) on biofilms of
Pseudomonas aeruginosa

Binbin Wu, Wenzhao Wang, Xiaoqing Yan, Hongyun Chen, Chunhua Liu,
Yonglong Pan, Yan Liang’

Laboratory for Food Safety and Environmental Technology, Shenzhen Institutes of Advanced Technology, Chinese Academy of
Sciences, Shenzhen 518055, Guangdong Province, China

Abstract: [Objective] We studied the effects of a plant fermentation extract on destroying biofilms of P. aeruginosa,
to provide basic information for treatment of P. aeruginosa related infection diseases. [Methods] Strains of P.
aeruginosa in clinical specimens were isolated by streaking plate method and identified by PCR and sequencing.
Virulence factors were examined using reporter strains, and biofilms were measured by test tube method and a
confocal laser scanning microscopy. [Results] A total of 16 strains of P. aeruginosa were isolated from clinical
specimens from a local hospital, among them PAOQO7 strain showed a maximum response when treated with plant
fermentation extract. It shows that 1% plant fermentation extract significantly reduced the production of biofilm,
pyocyanine and 3-oxo0-C12-HSL (P<0.05). Besides, 1% plant fermentation extract also deceased the bioactivity of
LasA protease and survival rate of persisters (P<0.05). The gRT-PCR result indicated that the expressions of /as/ and
pgsA genes were also markedly inhibited at the presence of 1% plant fermentation extract (P<0.05). [Conclusion] The
studied plant fermentation extract has anti-infection effect against some P. aeruginosa strains, suggesting a great
potential to work as natural antibiotics.

Keywords: plant fermentation extract (PFE), Pseudomonas aeruginosa, biofilm, quorum-sensing (QS), persister cell
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