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Hoers fFaAEOR xFeta, A7) S¥ess vpoledF Al e dEE 84 diEel LecAd 4
Fatel AEA Alo] 2 tholtebd ol E (c-di-GiP) FE& W5o] vleledE IS A

Bl FE 1~ 100 pMelA HloleBE F4 VAR Aol FFL vAA gor], P MARE FE

B2 o}l 7| A} (Pseudomonas aeruginosa)ll A< EARO2 3= vlo]QdE PJA JAE =4 =,

AT 2

AT 4

R oage fyess GadRor Tihehs voledE g4 oAE ZAHE 2 olF o]&d noledE ¥4
oA el #3 Aot}

L/ B

n A Ee] nlo]lQWEL 7 W Aty 9% aSwke] Q@A otk WA oJate] FAW upoleAE
& T3 guel A FFEo] Qo] AAst FEa, FHAATS T wo Hlgte], FE3 84 (pH, =
=, JEe] 17 5)3 FAAES of thate] B AT AIFHGS A7) g W, Ao
kel i=]

et o]5& €& 7] Wi, giFEe Ad #H
1S HAeE PAEES EPS (extracellular polymeric
substance; Carbohydrate, Protein, and Nucleic acid)@} E&|&= 779 A& oF=2 Eu|s 182 &4
2 Yol gHe nzEo EAgtt. webA, vle]ledEL Ali, &5, F3o] 5 nAEe] EAAA A
(I, 7, Ao )vt A (v, AFBA 5) 5 FaEo] e mAEe] JFAG &
T doem, I A vAEY] AAHARE ATE 7o AMAE THEser e gk o]2 g vio] e EFe] H
3 ) u

BEE LA % AT w2 AR dodl £ donw, wel2UT YY A 4% % v
oBE BAL JASE W ol UF ATt avEs et

A | @t¥ =~ (Raffinose)™ D-Galactose, D-Glucose, D-Fructose Z} 1EA}Z o] F ozl n|IdYA 3FFo o
FTo2A, F7181¢e] vy (Eucalyptus), AFEFo @9, 53 v 5 43 dA=de EAste =42 43
-2 EAthol A (alpha-galactosidase)el &3l Tii“\_w—q D—Galactosei g},

YR weolEe T ok tE gHE 4EE £ e o, o
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(sessile) Zd®joltt. wlo]edFolgt &, AZH-AME AEe ZEw =4 (extracellular polymeric
substances, EPS) ol F&std @d e s 59 Fiolw, 53], =egel #4dS FF voledEd
AP, oS Bo], FERYUA ol FI AL (Pseudomonas aeruginosa)el HAE WEA AlRE
fibrosis) A5 Hol nlo]2 B o] FAH HIA 557 75 A A%

om7)7], HAHE A= ¥ AF S
ofxitk.  ©l wolrl, AFAH FHAA Hio]l S
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Aed 1. dE 9, 455 244 (quorum sensing, QS)olz} EE
ME BXE oA wizlEH, oledt AEKg A4 vlolL %

2
oo g A%HE RIS AIL e AEE S e d, A5 A4 AE BAE

el
i

ol g WA :

T FRAoF GASE BAE (B o], FEx92 2 (furanone), oFA|2xZEutolal (azithromycin), % 4-UE
Z-gHE-N-FAbolE) E= AFS 1Y Z2AES Bdldhe 45 (dE 59, okdeloldl 2 HEUokADS
ARG = Qlan, AN EAES el E FA AN AE BAAE DT Ao Bad bk gliu,
W3, EPS &l 54 Yellls &4 A BrE oleldk HAom Afd nik glow (MSS|Ed 2), ditst
A 2 Byl AWAl Alz-2-w A =24k (cis-2-decenoic acid) = vlo]eAE FAMS st oz Hal
g Bk o (HSsE 1)
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ZEZE | 6-IAHF (gingerol) T°] F-QS &A4S YehlE 2oz d#A o (HEFHTH 4-8), €4 (9

5 B9, vl FEE L AW FEE U 6-FIAE)S Idnpol2dE 4% S ZAe Aoz dHA k. B Uy

AE GA AW FEE], AlXEA Alo)EE ygo]foldHolE (cdi-GMP)E HAAAHSZMN P. aeruginosa S X

et oheket whel g ote] disiA vlole B E FAAE FAATIE FEo| AvteE HE& Bag vk 9o (HEF
¥ 9), ol WA A¥EH FAAH] & sFE(E)A dsAE el vt gtk

o, B MPAEE wtoloBE P4 oAE £HE L wolodF FHL AT W Sol A€ B
of el QTS F, vhEE AABD) EAS bl A AsEn R AAUZF sl Halsto
24 B ouge sl S
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EH A8 ¥
E 18 AZozyE wolohE 842 dAs: HRES 2aedert Bl ojA,
E lat ¥ 9ol A8 BAH EE Fumsel,

£ IbE vhelazdy EdelEe] 9E FolA 24 A B FHY S¥E FuEE % Fehs 030
(FoN2T)E AL P. aeruginosad) Vil BE FHE AYIHE TATRA, 27ke] HPEES BEE 10
uielov], oak o 83 S9e) BE BAE vl (o, SWET o] P < 0.0005)

% 2a WA 2dE P. aeruginosa TR E0] et Sy~ a3E veEld EHORA,
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T 2av 23 FolA 14 AIRE B U 25 gy (0, 1, 10 2 100 pM) <k A4 A1zl 17
X (A HE 33 SHo EFE HAAE uisthE =A% Fola
= 2be #E &gol= Aol ]*1 ul A2 ® P. aeruginosa WFO|QEE (HF), € 10 pM =2z A" P

aeruginosa ¥Fo] LI E ($-5)9 CLSM F4Eo thdh 3x B4 A¥E TA3 THo g vo|eIdES o
A F2H o)A —r/*} dnlZ (CLSM) F43E Fdstr] o), axk (DAPI; HA), ©&43tE (Cond; =
A, 2 g (Ruby; AA)e] EolA9Ql 3714 FFAES AFEste] A o), R E vloledE F
T3 F+Z2E Yepdo.

2cE 3 HE oyt ZYolE AollM gy v HEw P oaeruginosa (%) 2 10 pM 2w AHEw
aeruginosa®l v EEZZXE el ol

o

T 2dE 0.5% BM-2 Z@o]E Aol A 24 A7+ Eob gt Hrel @ty (0, 1, 10, 100, 2 1,000 uM)<}
A vy ¥ 54 AW (e =, FHE 1 eom) 2 F8 2540 A orE FHE dolE =
A%k Twolt} (b =W, #x, 2T thH] P < 0.0005).

= 3a WA 3ci= P. aeruginosa WOl LEE gl tigt o] a5 YERA oA,
% 3ax mlolam=AHA ZYolE FoM 24 f\] s %OP Hl| gk
pl) el gy EA4 sl A nlo]l e AEo P4 A

% 3bE mlo]lARAA ZHolE FoA 24 A7 Bk v
pe] FARQ 2 EA stelA neledF] Y4 HEE

oherst =% (0, 0.1, 1, 10, 100, 2 1,000
|

oheksl =% (0, 0.1, 1, 10, 100, 2 1,000

il

T 3cE ulo]a A ZyolE FoA 24 A|7F Bk wjekst A9 thekdk =% (0, 0.1, 1, 10, 100, 2 1,000
pl) e D-(H)-ZHEQ 2~ EA stoA vo]edE9] 4 HAEE Yepd etk (2 W= 103 549 #F
AXZ ou g, #x, thERTE tiH] P < 0.0005; *, thEa- tiH] P < 0.005)

= 4a ¥ 4b EPS Aatel dighk 2ol a5 vERd Ao 2A,

T 4dax vhokd o) gy~ (0, 1, 10, 100, 2 1,000 pM)e} A 24 A
SHIAEAN 2 vpo] g8 E MAEEL EPS F F E©3ES YEld Aoz

o
off
o

o} v E P. aeruginosa®l

T 4bE o wE9) gtgxA (0, 1, 10, 100, 2 1,000 uM)$F A 24 Az S wiFE P, aeruginosadl
ZHIEA 9 nlo]odE AFXES EPS T F @S e Aotk (3 = 33 FAHo T #HAE

=
ojmgte},  xx, R thH] P < 0.005; *, thET tiH] P < 0.05).
% ba WA 5dE ¥~ P. aeruginosa LecA ©¥ Aol A5 28-S e Ao 2 A,

% 5a¥ CPMG NMR A EZ Ao oA a7} LecAd] ZAdsls A4S ZUEHHE Aola (
LecA ¥4 sfolld ez (0.1 mDS MR 2FEZF. % WA =: LecA &4 (50 M) 3}ol
(0.1 mM)Y MR =FEZH . A HA =: ZZTES A H7F (1 mM) ZAoA =2 (0.1 mM) % LecA (50 p
Wel NR =~HEH),

amii ‘;‘ LecA9] ol Na}sz %@1 5 Yehd THolal (LecAst 7HE AHesiAl =HE 29
A g (95)),

T 5cE mlola R A ZHolE FoA 24 A7F BQF wlE Alecd EAWolO A thdt o #uw2 (0,

1, 10, 2 100 pl)ol W& nvlo]lodE S TA g AHolar,

H

5dE mlo]laRAA ZHolE Folx 24 A7F FoF njekdH A/ecA—pUCPlS—LecAﬁVi thekdt o] #hyn
(0, 1, 10, 100 % 1,000 plM)ol w wlo]oAF FAS A Zlojtp (vpoledE FA Ae oY -
pUCP18E Al&3le] A tsletdlon, oxk vl 108 SAo ¥+ AXE ouldth,  #, izt oi¥] P <
0.0005; *, Tz tiH] P < 0.005).

= 65 el epymag A A, (PG R ~AERsmse] ofsfr deee s Aes RuHPs mu
oltt (A WA Z=: LecA &4 dlolA ZZgE2A (1 m)e NMR ~FEZ . F WA =: LecA &4 (50 ul)
st Al ZEgES A (0.1 mDe NMR =HER. Al M4 & 292 H7F (1 ) Zdd0A 2

mM) 2 LecA (50 ulM)e] NMR ~HEH),
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% 7a WA 7de AEA c-di-GMP Fol tigh gy so] g5 JEhd EHo R A,
5 72 10 pM 2¥xes &4 @ BE2A oA 24 A7 Tt widH P aeruginosa EHAEA L wlo]oHE
AEZEANA AEA c-di-GIP S B Zolm (&4 e 33 A9 2E HAAE onjdtt. «, gz

o ¥ P < 0.005; *, izt div] P < 0.05),

= TbE vlo] AR Ty ol Ee] AE FolA 24 AZE Hok thFe =] gy (0, 1, 10, 2 100 pW)st @
WFE P, aeruginosa wspF SIMololA mloleBE HAS FFstat Adolw (23} Huje 83 A9 ¥E A
A5 ougtth, sk, tET thH] P < 0.00005; *, iR P < 0.005)

& 7ci= 0.5% BM-2 EdOlE Aol 10 pM @hojm2e] A4 (-5) 2 F24 (F5) shollA 24 AIRE &<k )
_]

FE wspF EAWol FE 5A4E YERA o,

= 7dE e~ (0, 1, 10, 2 100 pM)eF A vk P. aeruginosa AEE] €3 PDE-Eo]% 7] B]A-
13k =Holt} (s, tZF+ W] P < 0.000005; =, thZF thH] P < 0.00005).

= 82 P. aeruginosa Wtol|LEE Akl g #Fynx9] g5 YEld Ao A, e ol AXEL &Eo]

= fe Aol vleledES FASAI, 10 pMexe ZFI=s2E 247 92 4A7F 5o Ao, wEd

e ol MEES AFEASAT (&2 WdlE 33 49 ¥F AAE gudch. #x, dlE2T gib] P <

0.0005; *, Tz tiH] P < 0.005).

= 9a ¥ 9b: P. aeruginosa lecA A a2 PDE Aol tigl glulwe2o 39S UEld EHOo A,

T 9ax 10 uM w2 &2 9@ BEA oA Jecd A EdHo] (Alecd) Z c-di-GMP A W0

(AwspP)oll et AA Jecd §4d2 LAS TA|T Fola

T 9bE ]ecA A4 EdWol (AlecA)ol thalA H]=-PNPP #8315 53 PDE &4 SHE =A% Aojt}; (&xh

gl 33 =AY FF AXES u|Et}. s, hERT U] P < 0.0005; *, tiEa tiH] P < 0.005).

E 108 TR 1% 24, FHTES dhelns Aol O uholBE YA WSS vehd agzold,

-

ug o HAJE7] Yot FAA g
o3}, & WS wr) AN EHA A,

FEALOE EPHE vholo0E FH AAE 2B U 0T 08T woloaF P4 o

2}9] %2 (Raffinose)¥= D-Galatose, D-Glucose, D-Fructose 7} 1#A2 o]Foizl n3A 3379 dTo=
A, gL Cllp0is0l™, 0 a-D-ZFEFZ=2-(1,6)-0- a-D-2FIZI & =2-(1,2)-B-D-ZEEZH=A =
o] FxE 7. #uess f7he o] W (Bucalyptus), AFE-o] B, H31 dvf & vgd A4

EAse AR du-AgEATolA odte] AR a9t D-AEE AR FaH).
3

Mol MR ted ATl EAE ensd welong
% e

= = Hd3kadt.
7] AAldRRE ok g 9l vheh Zo], el e 2AES mAAEe] A 9%E 7AA dor,
veleAE 94 Ad mvhs 2w Wl Buliese sk oEAow, oF 14-5249] vie]edFol AsdEs &
lebdtt.  mEE, sy AACESEH 4 4 e vkeh Zo] wykeis weledE gAde FadAE
288, Ao Cdi-GMPe] F& 2Aehy] wiivel v a8 &4, st Aed ¢ ES Slain
& e mE 2w 8 H VI8 A ZobelA vieledE JAE As] 9% SERA Gl A
49§ glen, dF Bo] 98 FoplA, 9877, g8E A8 T 8L oA B EHd FAHE H
oledEe 4= A= A A TAHeRE, HE B AW, A7, AR,
3
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S, B owEe Y] 2HES YR Bdd 39 Azishs WS Tdehs nloleuE 34 oA e
A, F, 2 wwel e wwWe A%¥ 4% durly] 53 $AYw Fo gwel 4y 2YES 29
AYgod +98 + g, odd 2P A, fPE BAS 2HE Fo BAANAY, 2HE &

-
Aoz dAuels2 s, 7] AAds ¥ oy ol 7]

P. aeruginosa PA14E EH nlo]QAE A IFTEA AMESIUTt. P aeruginosa® wspF SOl EAW o]
(AwspF)E AHg3le] AEA c-di-GIPE IHAgAtets ureglole] thald hulmsart a3H X E Bl AESN T
A7re]l AEREQ 6-WAE (6-gingerol), F|& (farnesol), L-ot~zm=BAF mpo]FM® (myricetin), 2 D-
(H)-2}9 =2 HEFslo|=do]| EX Sigma Aldrich (St. Louis, MO, USA)ZHE T8t on, tued MZilol=

(Carl Roth, Karlsruhe, Germany) ol &3iAlAct. A, g ;L‘ZF ojelel tFd ol H8d F Us<
ghelslr] ek, a8 SAWOZE Escherichia coli® AFRSQaL, 8 A

aureus, Rhodococcus qingshengi, Bacillus megaterium, Bacillus amyloliquefamens% o]-&-3F3Th.
A A HAE

P. aeruginosaZ AB wlA] (300 mM NaCl, 50 mM MgSO4, 0.2% Fv]epbdl 7hAbu]:=AF (casamino acids), 10 mM 3%
B E2do]E, 1M L-ot27|d, 3 1% SF3292, pH 7.5) FollAM, #@wse] Fres G 7PaA (0,
1, 10, %% 100 uM) 37 C, 250 rpmes FA/gk gk wiFr] FollA 14 AlzF §F whA) s getaivt.  wE o}
A48 UVmini-1240 spectrophotometer (Shimadzu, Kyoto, Japan)E AF&3&}e] 595 nmol|l A, A5 MEZSo|A wj
AZE FE A (D)E FATe=M skt

O 2+ Stapylococcus

A volows A v

e

(e]
-

B2~ whe|e]obe] WA wiFE (595 mell el 0D = 1.5)& 2143 AB WlA] Fol 3]4% thg (1:20), TPP®
96-4 Zz]~EH vlo]A 24 ZYolE (Sigma Aldrich)e] e B3k, ik glo] 24 A7+ Feb 37
T A5 FoAA o]0 ES g o|Fo, FEE wigEe 0DE iMark vlo]AZEHE T3 H57
(BioRad, Richmond, CA, USA)E AF&3}e] 595 mmellAd FAsIRow, 7 5 dEE vjdES ¥ .
Yo E= 2l ¢+5-89 (PBS) (137 mM NaCl, 2.7 mM KCI, 10 mM Na2HPO4, & 2 mM KH2PO4, pH2 7.2)0.2

1

oo

3ol ﬁ%éﬂ%lﬂ&%%—ﬂﬂ&%@. vlol @ AEL 1.0% Hxg wholgHloR 30 ¥ Fok AN o,
H ol Algdle] AAFgoezn F vATdd A8E AASGT. uwlo]le B Agtd Agag n)
o] &e 100% NEFEE g AAoH, LN DS 545 mollA] ZAB3IYTE. vl L HEL nlo|o B A
el FE| A" o]l oz A Aukalglon (545 mnoll A 0D), AEE AxEe] o=z AHFstsiqitt (595
nmell 41 OD)

=g-Z29 W37] (drip-flow reactor)E AlE3l nlo]|oAE A HA

P. aeruginosa® 1 ml RHAL kel (595 nmollA] OD = 1.5)& HEZ ¢4 FollA A14s 19 mle] AB HIX|

(1:20) ol 3|AAIZT. MRS Tt e s ]EE] O W2 f27 Eeel=g AN v, 37 Tl
Al 24 AR FE Wikl R EEtols Al viol el ES FAAAFT. Hlo|eEE MEERE 9d R &
o]=Z DFR-110 =EYH-Z2¢ nfo]2 = E wk2-7] (BioSurface Technologies, Bozeman, MT, USA) ol 443t
ok, FY=2E 3 (10 pM) == m3F3 AlAE AB viX S A HE (Masterflex C/L tubing pumps,
Cole-Parmer, Vernon Hills, IL, USA)E A}&3}o] 20 ml.h-19] 22 ¥He7] Y2 X&EH o082 FAAHOH,
WF71E 37 CellA 24 A7 &b AEAzln. ololA, fe &tel=s 2AAHA PBS (o 7.2)% AlH s3]
o}, HFE wlo]edE AEES DAPI (Carl Roth), FITC-¥A%¥ ConA (Sigma Aldrich), ¥ SYPRO Ruby
(Invitrogen, Carlsbad, CA, USA)Z Z+Z} 20 ¥ ot d&HH o= JAE Y. FAE vlo]ledE AXES Z4
A w7 o] PBS (pH 7.2)2 23] A Asttt. DAPI, ConA, @ Ruby ®dEL 7F7 DNA, E53E, 2 o
WS AMEL7] 913 Aolth. tLo =2 CLSM (Carl Zeiss LSM700, Jena, Germany)< A}-g3}o] niolo A=

XES AU, T2 GAES 40 x HEAZ (CApochromat 40x/1.20 W Korr M27, Carl Zeiss)E Ab
|3ty #FAs o, HA (DAPD), =4 (ConAd), 2 A2 (RUBY) 3 FFES Zen 2011 ZZ13 (Carl
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Zeiss) S AMEsle] Z-2"] RER FAl #ASGIY. FF dEEd disk A THES 7€ AT AE
o] 9} (Kim H-S & Park H-D (2013) Ginger extract inhibits biofilm formation by Pseudomonas
aeruginosa PAl4. PloS one 8(9):e76106). w}o] < -5-3 (ums/umz), npo] oA E At FA4 (um), ¥ 2= A
T Image] X233 F Comstat2el] 2314 ZASIATH (Heydorn A, et al. (2000) Quantification of
biofilm structures by the novel computer program COMSTAT. Microbiol-Uk 146:2395-2407).

pUCP-LecA Wd Fefrunj=o F=

LecA ©WA S t}h&7ly Zg}An| = pUCP18S ARESte] o]AA o2 (ectopically) WEAZATH (Schweizer H
(1991) Escherichia-Pseudomonas shuttle vectors derived from pUC18/19. Gene 97(1):109-112). lecA 7%
A gde] ML, Pfu T¥¢as (Pfulltra II Fusion HS DNA Polymerase, Agilent Technologies, Santa
Clara, CA, USME A&l PRI 9&ild, 7] S awFdQEs=s TEHEANZGE: 5
ATGGCCGGATCCCGTTGCTGTGCTTTGCTG (BamHI Algta s H-9lv= WE %A P 5'- CAGAAGCTTCGGCCACACGGGCAACTTCAC
(HindIII A$as FH9= UE A, F35HE 540-bp ¥ % Z&w| = pUCP18 EF BamHl % HindIII
AdeFEFgolA=Z Ak oe, A AAstz, T4 =7Fo}Al (Promega, Madison, WI, USA)E A}&3sld
AAs}A ). AAdE ZEav=EE Escherzchfa coli (XL10-Gold Ultracompetent cells, Agilent
Technologies) W2 A HEAIF T

pUCP-LecA W& Zetrul= 8 A28 P, aeruginosa®l HE 3%

P. aeruginosa °F¥E L Alecd EAWolo that H-S-AE (competent cell)o] A|Z, X HAV|HFTHS AL
P. aeruginosa®l HAAZE 7]E ATto] wEbA 423830t} (Choi K-H, Kumar A, & Schweizer HP (2006) A
10-min method for preparation of highly electrocompetent Pseudomonas aeruginosa cells: application for
DNA fragment transfer between chromosomes and plasmid transformation. J Microbiol Meth 64(3):391-397).
LB ®iX|oll A AAAZ P. aeruginosa °FBE L Alecd MEEY 1.5 nL WA} #LFES ALoA 38 Z¢F
16,000 x g2 AAE el osiA FAS L. AE APE 1 mle] 300 nM FARZLAE ARSI 23] A EH
o, olojA AE AME 100 ple 300 md FARLA Fol AFEAZG.  olojx, HAMNHFE YA,
Qiagen plasmid prep kit (Qiagen, Chatsworth, CA, USA)ES ARg-3dle] AAE Z2~uv]= DNA (pUCP18 ¥ pUCP-
LecA)E 100 ulel P. aeruginosa Fr-SMXEEI &35, AAE ZE2v]= DNA pUCP18 (W1 HE)E ofAd
Y P Alecd BRI FSHNEET] EFstE 9, AAE pUCP-LecAE Alecd HeMxES} 3. =%
S 0.2 cm e A71MF 79 (BI04 RAD, Hercules, CA, USA)22 &7]3l Gene Pulser XcellTM H7]HF Al
e (BIO-RAD)S ARgate] A= (25 pF, 200 Q, 2.5 kV)E 718kdth. A7dT8E AEE (100 pl)<& 15-
FYZ FRE §7)a, 1 ale] A% LB wiXE H7be tha, EFES 250 rpme® 37 TolA 1 Al B¢t
wHEA T, AIEES 100 pg/ml FFEHYAY (carbenicillin)3} 4] LB Z|olE o] =walar 37 CollA]
14 AIZF For wjekatdtt. FRUES MEsta LB BE2 Foa AFAAZT.  Zekav= DNAS Bt
BamHI % HindIII <dReyrEetobdlz A2d ohg, A A7|9dsS AR8ste]l Bedozm Jecd fFHA7F Sehs
= R AR A Sastdn

2ey wEA 34

P. aeruginosa® WA wFES 2ozl 7 (0 e 10 pl) AME T-H=22 wfj#] (10 g/L EHE) Tl
SN 73, FNES A w7 E AFESe] 37 T, 250 rpme& 2 14 AJZF Ft HOLo}OﬂE‘r (595 nmollA OD =
1.0). 2 uL9 #lY¥ESE Congo-red ZdolE “do ¥k A (Kim H-S & Park H-D (2013) Ginger extract
inhibits biofilm formation by Pseudomonas aeruginosa PAl4. PloS one 8(9):e76106), ALo]x 3 WA 79
T vl

EPS 3]

ZHIEY AZE 2 HoloIdE AFES EPSE WY oA RS ARgste] EAdth (Kim H-S &
Park H-D (2013) Ginger extract inhibits biofilm formation by Pseudomonas aeruginosa PAl4. PloS one
8(9):€76106). EFAEAL AEES 0 - 1,000 pMe] 2Fow=29F A A8k AB wiA] (1:20) FollA P.
aeruginosa®l WA WYES AN 7|, WG wHbr] AgellA 37 C, 250 rpmo2 v o M A 2T
vl e g AEZELS At WM& ARESEe] 0 - 1,000 pMe] ehvj=2aoh 3 A5 AB wiA] (1:20) FolA P.
aeruginosa® WA WMYES IMA7IAL, AES " §lo] 37 TelA 24 AR FoF WG o=
Az, ZFIAEAR s B vleledE MdE i RFEFHY A8 AExSe] tid e ~AFERXE
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A&

ENEE A28t 595 nmoll A A3, vlo]odE AEES oFFol 9aiA 3 mL 0.01 M KC1 Zo
g AR, FAY AEES ZH2 10 nl

AR, ZFAEA s 9 voldE wgES 8,000 x gollA
2 3 ml 0.01 M KCI Sl AdEAAY. Adgd AXES 3A2]7] (VX 750, SONICS, Newtown, CT, US
NE AF&3te] 3.5 Hze] &8 oA 5 % 25 5 % FAAFo 2 4 Ato]E Fot ne (disruption)
3ttt T " AEZES 4,000 x gllA] ARSI, A5NHE 0.22-um Millex D8 (Car Roth)E E3}
o o3git. oy TS Algste] WA 9 ehpslES gRFelth. wld £4E 96-9 who]la =
A ZHolE FollA =97 el osiA Falskoitk 40 ul ofd= # 200 pL =2 Al (L3540, Sigma
Aldrich)& vlo]324A ZolE Fd E33ta, EFES A4 10 & &<t mdst s, 35 20 n
L] Folin-Ciocalteu A]¢F (F9252, Sigma Aldrich)< }ﬂﬂ %?}%% 30 ¥ B<b migsidy. A gk
L2 iMark vlo|ARZHOlE #EV|E AFESEe] 750 mmollA] ODE AT EZHN F5AHIHY. B@4dELS 96-9
o] A2 X ZHOE FollA FlE-3at Wl oA —Erdﬂ‘}iﬁk 15 pL of#& 2150 plL &

r

—

1 3 A& mlola
2AY FHolE Fo &3, EFES A4 30 £ <t STt 30 ul 5% HES E3FEC] HUbsh
i, EFES E FPAA 90 TE agsitt. £3}E T+ @53E FFS iMark PR EHOE #A57E
AHESEe] 490 mmell A 0DE SF oz FA3rt. @ (750 nmol A 0D) B g&r3tE (490 nmell Al OD) 3
Fo et AEXE (595 nmoll A 0D) 2 A +843k3d o)

T2 9% #A (Swarming motility assay)

e 52 71E Wyl webA A8t (Kim H-S & Park H-D (2013) Ginger extract inhibits biofilm
formation by Pseudomonas aeruginosa PAl4. PloS one 8(9):e76106.). E}¥|%=2E &-f3F (0 - 1,000 uM)
P. aeruginosa®l 10 uL HHA| vUES BM-2 ZdolE (62 mM XEF EAHOE [pH 7.0], 2 mM MgSO4, 10 mM
FeS04, 1% ZFAFH|Ab, 0.4% 53222, 2 0.5% Bacto o}7F) Aol Wb A a1, 37 TollA] 24 A7+ <t vk
stk FE 59 AEE A (dendrites)®] Hit dolE SATo=ZH HIFsSlH.

RT-gPCR 4]

RT-qPCRE <=33}o] P. aeruginosa lecA +AA &9 ¢+ AF L vuwddtt.  lecd 2 39271 F4
2} proC Zto]ln] AEES Primer 3 version 0.4.0 (http://frodo.wi.mit.edu/)S AH&3e] Tzl (3h
71 ¥ 1 #Fx). A RNA F%&, TRI REAGENT (Molecular Research Center, OH, USA)E A}&3le] P.
aeruginosa WOl FE HMEEZHEH S} tt.  RT-qPCRS Bio-Rad CFX-96 A AIZF A]2=®l (Bio-Rad,
Hercules, CA, USA)S AR&3te] a8t whg EFES 317] AlFE= 4 €t 10 ul SYBR Premix Ex
TaqIM (Takara, Shiga, Japan), % Xgo]w % Fub ._ﬂ-o]tﬂ Z+zy 0.8 pL (10 uM), 0.4 uLe 50 X
ROXTM Reference Dye I, 2 nLe F=% 7 RNA (100 ng/ml), % RNase W&/, HF F3+= 20 pL. RNA
F% 2 RT-gPCR Wl tigh A Z2eZe 7|E9] AdF45 GLOHiD} (Kim HS, Lee SH, Byun Y, & Park
HD (2015) 6-Gingerol reduces Pseudomonas aeruginosa biofilm formation and virulence via quorum sensing

NE,

inhibition. Scientific reports 5:8656).

x 1

Aqd (5 —|Tm (T) GC % ANE A7
3D (bp)

lecA-F lecA GGG TTIG CAC|57.3 50 100

CCA ATA ATG
TC

lecA-R lecA CCA ATA TTG|55.3 45
ACG CTG AAC
G

proC-F proC GGC GTA TTT|60.4 50 236
CTT CCT GCT
GA
proC-R proC CCT GCT CCA[61.2 60
CTA GIG CIT
CG

EERE

=31
o
£
2
Y
i
k]
4
)

e
i)
oF

ofN
&
Sl
=
*

. Savli H, et al. (2003) Expression stability of six housekeeping genes: A proposal for resistance
gene quantification studies of Pseudomonas aeruginosa by real-time quantitative RT-PCR. J JMed
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Microbiol 52(Pt 5):403-408.

ulolo Mg Ak 1A

P. aeruginosa® HRA| wjOFE-S AME AB W|R| (595 mmoll A 0D = 0.05) o] FAstgtt. Zglagd HEw
U4E 3N 20 pLz AR, AFE S7 SEe=E HED v Fo AAAF3L, 37 ColA 24 A7F =
oF wjkale] G Zelo]= Ao mloloWES FASATE.  o]ojA], Zelo] =2 PRS (pH 7.2)2 A&ate] AA]
8 WmalFa, 100 pM s S EE e AB WA 20 alE FHEehs A= Od W AXAZ
AEY tAE z2tzh 37 CollA 2 AZF 2 4 AJZF Sk wjaigith. wj%E 100 pLE PBS (pH 7.2) FelA 10
5; oﬂﬁ];ﬁgi Qxig}oﬂ;]_ = 5]
ol wskar, 37 CellA W =S
EA A BA

SHE Alole] BAY AHolE H2ESY] 9% PFAELS student's rtest (Excel software, Microsoft,
Redmond, WA, USA)ell <]slA FAksl3itt.

Agst7] 9184, 100 nLel HF 3445 LB op7f ZHolE

£

)

(T, oX
A

f

i

NMR 4

RE ~9EZAL Bruker Avance 600 MHz A~ EZu]E] (Billerica, MI, USA)ES A}-&3&}o] 298Koll A =A 39t
1D o]-THE NR AFEL E JAS alA 7] 7 (excitation sculpting)S T-H3F CPMG B2 MEE
S AHgEAT. ARH-E5 A 1.2 290, F AW 23 AIZEE 400 msQtk. CPMG Aol glojx A%
Q1 180 H2E Atolo] 23 o s tigh A2 2 msqivh. HolHE 29 % 16 ppm (9,600 Hz) 2 128 270
o=z et dolH ZZ /IS Topspin 3.0 (Bruker) AT EO]E ALg3slo] Fafsldlon, o] 16384
E3A dlolElel] s FElel] ®E ol el ARl Al AES FrEE ZeErk. MEES 100 D20 ¢F &9 F
o 50 pM w¥a 2 0.1 mMe] FIxr T AFEQLAES 539U WY 2%  (displacement
experiment)<S YA, 1 mMe ZARAE (2w vs. ZHELA)S 7+ AMZo] H7bsn).

ol Aels =7 AT (Un silico docking studies)

Z7FE AF B FHFH3): 2}¥ =S ChemBioDraw (ver. 11.0.1) 2 Chem3D Pro (ver. 11.0.1)& Ap&3}o] 27}
2D B 3D FxE AAdskaL, mol HY TWow AAEqltt. Pit= AR B HASE AL SIBIL-X 2.1.1
(Tripos Inc., St Louis, MI, USA) 9| 'Sanitize' A% TREZ| osjr S35},

gzl #Z: PDB EWO T FH P, aeruginosa=4-Ele] @WEl PA-ILe] wwlz Lx:= RCSB ¢z dlolg WA
(PDB ID: 4AL9)ZH-¥ YLz r3dlaltl. SYBIL-X 2.1.1 9 FF AR ES AL gild AxE 53359

o EAS 98iA, geid-gis SFAREY, 244 = "Eye] e (crystal ligand melibiose), &
WAL, Ca2t o], @ A& F& Xﬂﬂ S O AFEES AASY. oln =t VB SEEHE BAEES o
A, F42 dAES YZE AYoEA TR[POS Force Field #-& 3l HAAeIw. Hi3 34
POVELL "ol ©]sfiA Tﬁﬁ’é‘}"h %27 A3 S UZE MY SINPLEXZYE Nonel® WAz oW F=
A e 2 Hd) 952 22 0.5 keal/(mol+A) 2 IOOOﬂi ARG8T, ©id H sl o] %o, 7hE ¥ LecA

gl P2E pol2 Y TRo R Ased)

=7 3 A5g0]ld g ot gy B A= SYBYL-X 2.1.1 ¥ Surflex—Dock GeomX EEo oA <
g3t =FHL Surflex-Dock ZZEE (protomol)ol 9ls|A 7Fol=8Fth.  Surflex—-Dockell tjgr =& PA-
ILe] A% F-%lol vzt drE ¥ty e Z2EELS oﬂﬂ% AR Yt WEu) e o] 9% FRd
ghAl Aelsiltt. ZREE A4y #AE F 7HA JAAELS Bloat(A) R ¥ ~E= (Threshold)el™, 7}
7z 0.5 2 002 MEHEHAG. 7 s & AHE x= (Doses)v‘q HAd Mg R HF X=E Aol Ha
RMSD= 22 20 2 0.05%tk. o2 FevEHES BE FoollA UZEE MYgo=z 4833r).

A=)
P 5% 34

S
m
o
(@]
e
=

ZHAEA AEE FolA c-di-GPY E4E s, 4.9 nLe) 37% E£ELH S = (Carl Roth)E w2 &7

- SlhollA A™E P oaeruginosa®l A BIYE 1 gEel H7FSFAtE (595 nmell A2l 0D
1.5). HI%ES 8,000 x gollA 108 B¢ AR, AR AXES 0.18% ESLUF =S gf3ks 40
AHAEA AT, wloleBE AXE F c-di-GMPY BAES YA, x7]d, P

I
aeruginosa®l RA WFEa AR AB WA Foll AZT (1:20). B s Fafa W el Sy s

o
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(10 pl) F= B ez Basta, A glo] 37 TolA 24 A7k Bt wjkstdth. detd AEESS ww
9ol Fol, voleBE MZES PBS (pHl 7.2)% 23] AHHANUT. woleWF AZES 0.18% EFAUINSE
Freh 3 al PBS Fol ShRAPoRA AASHAY. FIAEA D woledF AEES 8,000 x g4 10
B OEQ ANRestn, FAR ARES 5l Foles Fo ADHARG. ADHEL 108 B Folm, o
& FOA 10 ¥ B YAAAY. WAE ARSES FRAQHE F22 S84 1006 olE (9.3 nl)3} £

T A

[e}
ES 8,000 x g2 10 ¥ F9F 4 ColA AR AT, HAEA c-di-GPE X317 Y8iAM,
gm

H ’
Mg 0.22-um ZH (Car Roth, Karlsruhe, Germany)E &34 AAAZTH. FAH ANEES AMEste] d=
gh 298 W oA F dads EAUT. oJ3tE s A& Savant SpeedVac (SC201A, Thermo

ol
Scientific, San Jose, CA, USA)S& Al&3le] HAAZXs AL, F H HNEES 200 pL =89 A (100 mM
KH2PO4, 4 mM BIE=H-E gibes GEE, pl 5.9) T 1 SafAzE. &alE &elE 0.45-um ZE (Car
Roth) & S3lA sy, oJzpd &9 (20 pl)E& 2Ads A A2etEd (HPLC) (Hewlett Packard
1100 Series, Agilent, Santa Clara, CA, USA)E AM&3te]l £A1sglth. HPLCE g 71238t A4 (A£,
gakul=) Ao Av|EA, =X 7HZE=7] (254 nm), Kinetex C-18 A (4.6 X 250 mm, 5u, Phenomenex,
Torrance, CA, USA), % o] o2A 3 F8N (7599 4F8& A, 2 25%9] ¢ HWEgE)s Fv|gy.
C-di-GMP &&= 3719k o] F=a) HPLC IS Abgste] 3EAY: 0 - 4; 50:50, 5 - 205 0:100, 2
21 - 305 50:50 (ZH& AlIZF () 58 A 4 wehge HE), 55 £% 0.8 oL - min-1.

¢l HEZ PDE &4 +4

Ql H|ER PDE &AL 7]& Aol wheba] E43} Y (Barraud N, et al. (2009) Nitric oxide signaling in
Pseudomonas aeruginosa biofilms mediates phosphodiesterase activity, decreased cyclic di-GMP levels,
and enhanced dispersal. J Bacteriol 191(23)'7333—7342) P. aeruginosa®] WAl wlgES A4S AB X
(1:100) FellA sAetar, et @yl 5% (0 - 1,000 pM)= Agsion, g w7 FollA 37 T,
250 rpmO. 2 14 A7t Fob vkt tt. aELQ B YES 6,000 x goll A 10 B E<F 4 CT=E AEHA 7L, F
A" AEES 1 mle PDE &4 ¥4 A58 (50 mM NaCl, 50 mM Tris base [pH 8.1], 1 mM MnCl12, = 5 mM
bis—pNPP) ol H?ﬂ_a/\]ﬁﬁ} Bis-pNPP (N3002, Sigma Aldrich)& c-di-GMP 5-©]4 PDES] @A 7|H=ZA A}
239 t. AdEgE AEES Cellytic Express (5491, Sigma Aldrich)E AF&3le] &4 AT PDE HHSS

HElA, eSS Y HH°§7] FAA 60 rpmeZ 2 AJZE FF 37 ToAlA] wlFeATt.  ©]ojA], bis-pNPP7} p-
HEZAER FallHe AL 2487 f8lA iMark vlo]AZEH 0 E 33 #57]E AHEshe] 410 nmoﬂ/ﬂ =3
=9 D& =43k3itt. PDE €4 (410 nmellA] OD)2 &gk vie} o] =92 W) 934 44 ol
off oJaliA +fststgltt.

A%

A7t Z nfoleAE AAAS] ~T2Y

A7 FE2EAA AT HEHE 7 $5 AEE (6-31A4F, &, L-ofx=m285, mlo]lg|He, 9 23
2, % la Z2)e gisiA vle] o2 E PSS AASE aS HERESAUT. olHst SREAES o3t Hlol
dE Ao YA HAre A4 wle]ledE FATHE ARt Hrbelglon, o] 96-49 mlola=AY 4
o|E F Xdl wre|go}®= A P. aeruginosa PAl4E AR&shE Wil 71RkeE Aolth. QS SAE FIA] vio]loB
2 AAAS A Aoer A dyR Fek= (-30 (Hentzer M, et al. (2003) Attenuation of Pseudomonas

aeruginosa virulence by quorum sensing inhibitors. The EMBO journal 22(15):3803-3815)%, ©|#|3+ A3 <]
FjzrTon AFEEIT. = 1be 6-NAEI gty avt vlo]oHE AAS b7t 39% 2 43% 7FAaAZ)l Wb
of, &, L-of=zzrBik gl wiolglAlfle vo] e dEF S FovstAl ZaA7IA XSS HolEt.
6-FAE F g =20 vl AR oA EFE 460 JAE UEhE Feks -309] 23] BAEE Aot
Hol o AE oAl it 6-WAZe Fdt= 7)Eo] Bad vk 9ew (Kim HS, Lee SH, Byun Y, & Park HD
(2015) 6-Gingerol reduces Pseudomonas aeruginosa biofilm formation and virulence via quorum sensing
inhibition. Scientific reports 5:8656), ¥ WWolA= a7t vlo] oI E AAS JAS= 58 2 <
e oA wAY Tl tielA AM=Esiar gl

4% 2 dolons Ao nAx ehvlwre] i

P. aeruginosa®l AL 0 - 100 pM =22 et olx wFE qald SAs9Y. s gaes
=TS gigh A% FHL 14 A7 Bk vk )7 %, §%7] (lag phase), =217] ( Xponential phase)
2 A7) (stationary phase)ol YoJA] F2u|stAl tf=2Xx] &Adt}t (= 2a). o|#3 AIEL P. aeruginosa
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Aol FoexE 100 uM H7HeE WA= 93-S 94 FEvE 1S .
2~ (0 = 1,000 nl)E ARgste] FH=AT. violeds AYE
] (17 - 58%) (= 3a WA 3¢ #Zx), ol @hywmay) F 9F2¢] Waog njo)
1S oudith,  gyes RS AR (D-Z2EEQQA F SR e s)9] nlo]ed
AltpolAl & ARESEte] U BrlEt. A7) Eat VAR, AE, 2 B8 T ¥
o W FHRoAE 74 1,000 pMe HE/AE EAHOR (P> 0.05) Hlole
A5 Tt (= 2a WA 2¢ ). F3H, nlo]od %
E3E vh, f8 &gtel= el 10 uMe] #HIwe2E FFaAY B FRst
17F ok A& o eItk & 2bE A& Z Q) nlo] e AESS wAFE Aolt),
] 12852 gy A7 fls vlo] " Fo ] o
(8.4 um) 2 ZE 53 (4.8 pn/pn)E YT, ¥ e Ae) glo] AAE vl
1 P. aeruginosa WA EZ2ZAE YENAAT, 10 pM =2 A9 gdEo] AXHHE vho]
o= FAFsdrk, FHEAE, 10 uM FH =2 Xl o] AgH ol dFS TF Fx
% o2be] st Fx), olHle Fxv B At gle vold Fol A YEREA] sttt

w3 Puleso] w3

o2
ol o
off
bt
lo,
NS
o
o

=)
AL
oz X
fatot
2
o=
[N
ol
ol

0
(o
NH

e
ulid
3

o,
o
12
2
tlo

e
B
ool

a-

X
olr
v
rlo

o
ook ﬂ

N

e}
(M)
S
frt

>

oft el
[olr ox rift
o o o

N

N o

=3

of\
N
)
>
N

o
— M

_ﬂ
il

Mok Mo bo 2 Ol
ok rlr
=2
X
~
a
[>
l
ol

0

S
rr
o,
ol
=
B

ol
R
o3
=
2

)
i)
H
I
©
fo
n
e
2
)
oX
it
=
o

S
Q

[0}

n]

=
e}

[)

I\

=Y
i)
b
(Uil
fu
X
mlm
)
(i
gﬂ
o
4
12
E
il
)
>
Y
i
o
I
o
2
2
is)
=
)
=
t
[»
lo,
fol
i3)
il
o
X
Qﬂ,
N
R

&
2
H
>,
4,
=
IS
L
o,
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=
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b
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N
M
o,
=

s FelAbstetol = Aate] ZAaE Ik EAo]

+ RS
plDol tiaiA s B4 Hesl wE 27} AFEIY. o= P. aeruginosadl Al k=2 Ao 9] A
S o)
A wjA Fel A 0 - 1,000 pMe] @Fum29b A AFA = =

Ho
of
4
ri
o
HE
=
o,
to
i)
gl
x
I
il
o
-
f
i
£
Lo

EPS FlA F @stE ¥ ANMoR SYPoRA Pt E@, dauwd (loledg s)ae
qE) AT BT duwsz Ad ERAEA D vole AR AXE BFA F @iHE 0 S
o wua gFol AASA gAHAY (£ da P 4b). sz AYF A9, T AFHEL 21 - 53% U

o

22 - 48% (ZHAEA % ol dF AXE ZzbolA) Aag vk, F aEe 1 - 41% B2 9 - 429 (S
B4 B vl b E MXEE Ao ) Tk oEHQl WA o R FAEItt. P aeruginosa®l A el whe] Q.
e APL Ha &% 9ajr] oz zdEE Aoz Bwud v v} (Caiazza NC, Merritt JH, Brothers
KM, & O'Toole GA (2007) Inverse regulation of biofilm formation and swarming motility by Pseudomonas
aeruginosa PA14. J Bacteriol 189(9):3603-3612). 2] &%l tig y29] a3 (0 - 1,000 pM)+= P.
aeruginosa MEXES 0.5% A& o7t ZolE AolA ujdsta, FAFZFE £x2 ZHolE ZHAHTo =N
Brbskdeh (&= 2d).  epome) A AAIRD MEES 4 Aol gy A glo] ARl Aol M
A 1.6 - 2.4 W) o] Aow, olYd ol gy ze] Fert S webd A Frbskadvh. o2l @
AP L BTt Ad oyt FElolE Aol el &Ee FAEsive AS ehale

LecAd] dfsgh 23|20 AL

P. aeruginosaw 7 7FA ©5stE A3 odE (FR)S AYAEH: LecA (PA-IL) 2 LecB (PA-1IL), °©|&2
Z2V7; D-AgE A B [-FF o thdlA EolAdS YeERAT (Garber N, Guempel U, Belz A, Gilboa-Garber
N, & Doyle RJ (1992) On the specificity of the D-galactose-binding lectin (PA-I) of Pseudomonas
aeruginosa and its strong binding to hydrophobic derivatives of D-galactose and thiogalactose. BBA-Gen
Subjects 1116(3):331-333; Glick J & Garber N (1983) The intracellular localization of Pseudomonas
aeruginosa lectins. J Gen Microbiol 129(10):3085-3090). LecA+ D-ZEC A ¥ 1 FEA tisiAy &
A3 E YEMNIL, P. aeruginosa ¥lo] LB E A E oty wEd], D-ZHFEQ A9 FLAQl gy Av)
LecAdl Ag3sle] P. aeruginosa vlo] L FE A 9IS A= wAYESES 7HANE = vk, o]y 7
S HZ2ES] faA, 2 Ay s WA ga o LecAol] tiek AFS, @2 B AAE LecAE AHE-3
A1 1D ol-HRE & 2] I AR Aol webx B@rEEdvt (Hajduk PJ, Olejniczak ET, & Fesik SW
(1997) One-dimensional relaxation-and diffusion-edited NMR methods for screening compounds that bind
to macromolecules. J Am Chem Soc 119(50):12257-12261; Palmer AG, 3rd, Kroenke CD, & Loria JP (2001)
Nuclear magnetic resonance methods for quantifying microsecond-to-millisecond motions in biological
macromolecules. Method Enzymol 339:204-238) (%= 5a #Z). 0.1 mM 9= NR A3 5 58 FollA

>
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50 uM LecA &4 2 &4 stollA BYEFEGT. o doprl, 1 ml ZFEQAE Hrtste] 543t A% 5
AelA AAd oJg e 2Eo] Wsts: RUHHSIT. LecA @A (& 529 3 WA )] HEA] 3
oA, e Hl 9 H2 AEES YEE 3FE°] 5.33 2 4.13 ppmell A #EFH A, ol HIAEL
LecA 9l Aol &7 tolA= HolAl ok fom (= 529 F WA &), A5 ZeE 10 9 2Fe] 2FES
25 Artgozy EHAT (= 522 A WA ). olfd A 29Tt LecAdl A, 1 Ad ¥
e 2gEe~-AF B9 FHAUE RS vEhdth. ¢ yolrk, 50 mM LecA €94 F 5.17 % 3.40 ppmel]
Aol AFEQ 2 (-1 F (-6 AM e St AT T 1 mM 2HyeiaE HrMgo 2N dojHT (= 6).
Ao 2, LecA &9 FoAe ZFES A (0.1 mi) ASE G2 108] HFe BIw2E HyFgozH Z3= A
o (% 6). o3 APELS gy B AFEAT} LecA B AL] T3 o] e FATGE HE 9
Bllcia=
Azrs o Z olFatr] AsA, BFwese 9 AEls =% A5 (in silico docking
Q2=9ke] B3HA 5 LecAd] X-4 T+E2E AMESte] st (PDB: 4AL9).  oii-ite] =7+
B r25d FEE A% HHES UeEden, q7)dA AFEQ X~ 7= LecA &4 99 ZH ol

3l
Fele] ESEE v, FF30~ I ZTYEQS A FU)E LecAd BWH 2 23X QoS Fsio] wigkHETt. oy
Lol ik #HAH =7 FErF = shell ZAIEY k. gyese) AgEe s AV|E Tyr 36, His 50, Pro
51, Asp 100, Val 101, 2 Thr 104} #8A 4328319t ZF3eA 9D THES A JAE g 54 4
el oA 27+ Gln 53, Gly 37 B Asn 1073 A5 2835130, 24929 LecAol dhgh A, wio|ledE
AA o] FEANS P. aeruginosa TdTES AHESIY] HL ERISAE v, I F 3l LecAE AL = gl

(]

TFola, T TE e LecAE HAAEE otk & 5eoll =AIE RRe} o], Jecd ol &AW
(LecAE A + Qe #F)E F4E vlo]od g IS BoFolon, 1 yoprt, gixes 558 5
7t e wlol @ E Aol ZAHA Utk (P > 0.05). ol9E viRFoR, & 5do Z=AlE wpel Z
pUCP18-LecA (LecAZ A &= #5)E BF3 Jecd Fols- EdWol= ¥ g (pUCP18)E H-F-3F o4y
Fof FARHA vleldES PAFIGITE. © yolrl, pUCP18-LecAE HEA3 Jecd Foly &AW E v
EA| stell A, FE-EX] AR (0 - 1,000 pl) wleledE A4 FAAE JYERAT (= 5d). o]
ANEL LecA7b HioldFE Ao AxHolgte AMAS vy, vlo]eBE Al oA, 3=~}
LecAol Zstsl= Aol Aositts AL ou|str),

= =

N
>
~

1o

(= U

AZEA AbolEE] tolgrebd o] E (c-di-GMP) MAte] Zh4

AEA c-di-GMPE EFIAEAY 2 L3 go]Z 2 Abolo] #x4 AA, Ao x4, H f5 A
(virulence factor) AAte]l Fxo dojx 23 J&S 4383t} (Romling U, Gomelsky M, & Galperin MY
(2005) C-di-GMP: the dawning of a novel bacterial signalling system. Mol Microbiol 57(3):629-639). &
W AE AAl, A FE2E0] P aeruginosa®l EHAEA L vlo|QEE AXEANA MEA cdi-GP T
GE20= AS Bk vk 9ol (Kim H-S & Park H-D (2013) Ginger extract inhibits biofilm formation by
Pseudomonas aeruginosa PA14. PloS one 8(9):e76106). uwehx, & dojr= SZHIEA 9 vlo]odE A
EE BFAA AEA c-di-GMPll tidt Bt g8 FUiekgitt. dRbgo R uloledE MEE
A& AEZEC BEA 9 =2 c-di-GP F& HEAS (= 7a). 3, 10 pMe 92~ A
A c-di-GMP FEo]l ZFAEE (U7h) F vbeldE AIEE (59%) EFolA sl FrbH o=, A
c—di-GMP ZHd] 3t gy w=x Aol BHAS sty &M, c-di-GMPE LS P, oaeruginosa
ol (AwspF)E AFE3IATE. P, aeruginosa®l A wspF A= HEd 2H oAl S daslste Aoz dEA
Ko, maozyetolA= CheY-frAF F&A 2 tho]Frold o] E Alo]EgolA] (GGDEF) =wQlE i3k
WspR e d el ggds Fdsts Aom F4Ha vk (Hickman JW, Tifrea DF, & Harwood CS (2005) A
chemosensory system that regulates biofilm formation through modulation of cyclic diguanylate levels.
P Natl Acad Sci USA 102(40):14422-14427). AwspF= WspR ©eide] A4 243 (constitutive
activation)Z oF7]1&}7] W&o, AwspFe= AEA c-di-GMP = 2 EPS AAke] A5 o2 olojxt} (Chung 1Y,
Choi KB, Heo Y-J, & Cho Y-H (2008) Effect of PEL exopolysaccharide on the wspF mutant phenotypes in
Pseudomonas aeruginosa PAl4. J Microbiol Biotechn 18(7):1227-1234). = 7boll =A1¥ vle} 7o), AwspF=
ofAE ol HEA npoldE A dlolA diEr 2w) FUME gt ey, BE nleledE A
&7 oY IF FEOEA] EYsiAlE X AIRE, #F w2 AE] (0 - 100 ul)el 34 AwspFe] Hol
SHE gAo] 12 -26% HA3ATE. FTHEAE, S xE AwspFe] FE 58S AIAFHY. & Tedl =
Algl wtkel o], AwspFe= 0.5% A& of7F EHo|E AolA AFE T £54E HAFIARE, 10 M 2=

2 rlo
m Lo

re oox & off

]
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29k A A AwspFe e Aojxl RS HFIAT.

47 AnEe P. aeruginosa®l ZEE c-di-GMP 50172 EAEr|o]xe|globA]l (PDE) Aol olsir AEA c-
di-GMP FFo] #Ass AR #do] A= ASE HRvE, ol #HHwe9 A AE P aeruginosal A
PDE-5014 7]4<l W]Z-p-HERIHm E2F0|E (bis-pNPP) 9] 35 #4]3te] PDES] &8 SATFo=H ¢
2EST. & 7de ghemsek @A A3E PoaeruginosaZh, eRHm2s glo] AAHE A ek vjad
o, H]Z-pNPP Fefe] &4 1.1 - 2.39 7RIS BolErh. olHd A= @vwAvt PIE 849 =S

B34 P. aeruginosa MEA c-di-GMP FF& FHAAFSS on]3iv}.

\

5}

DR olgle] vk g $4, PAFES] el Aelo] o volodE P4 W e

A7 S vhek ol wmliast AT C-di-GIP %S 2ASY) WEe] mu FFW ok, tjkd
ag &4, ATl A7k oRE HAa] Slstel olSel U@ s wolodE As) EAE DA
it

2 dlo]ed 7o YPAo] dAH A Al
249 &&o] 7ledS AAFSE

AE

plo] 0 HE 744 o|Qo %, By AE P oaeruginosa®l tHE EHIFES HIIAAE v}, o3 F3F W3l
= Zu-gt ZYolE = FEA 7 P49 oA (& 2d), HAE EPS A (= 4a 2 4b), 2 =719 3¢
54 (2 2d) 5o ¥stdth, o]y Wiy FIAFEL EAHez2 NEA c-di-GIP F5°] #adE v A=

At (Kim H-S & Park H-D (2013) Ginger extract inhibits biofilm formation by Pseudomonas aeruginosa
PA14. PloS one 8(9):e76106; Ueda A & Wood TK (2009) Connecting quorum sensing, c-di-GMP, pel
polysaccharide, and biofilm formation in Pseudomonas aeruginosa through tyrosine phosphatase TpbA
(PA3885). PLoS Pathog 5(6):e1000483). welA, o x=27F AIXEA c-di-GMPE ZAAID o 22X kst 14
g W3E Fasidda 5532 ¢ dgk. ol#d PEE AEA c-di-GMPE #AYAEE P oaeruginosa EAW
o (AwspF)E AH&3H A3 Sl osliA gRle= vb: ghulmie vlo]edE IS Aoz (= 7)), Fd
e 35S op7lEltt (= 2d).

c=di-GMP T2 A2 W2 283l F 7HA a4 sl oA 2dEY.  c-di-GP= Yol FoldH ol E Ale]
ZetokAl (DGCs)O olald F 7)) GIPEHE Aarsa, ZAzrjolxdetobal (PDEs)Ol olalA pGpGE 7134
T M9 GIPZ EalEt}; (Schirmer T & Jenal U (2009) Structural and mechanistic determinants of c-di-
GMP signalling. Nat Rev Microbiol 7(10):724-735). MXA c-di-GMP & ZA2A1717] YA + 714 7
27} 7bee vk GGDEF Z=wlQlS zh= DGCOl &84S HAAIZIAY, T EAL B/%EE HD-GYPs E=dRIES 2te
PDES] &4& F7HN 7= Aol azloltt. Ad Ay, #Huxnrd 58 F7HN7IA HW P. aeruginosa®] PDE
ol F7HE = AHeE YERer (&= 7d), ole ¥ A7t gt zd osA c-di-GMP o] FHAEE
HAYSEA AE gujgitt. olHg 7Hde o & A+ Aol 93| s A3 E= vb (Chung 1Y, Choi KB, Heo
Y-J, & Cho Y-H (2008) Effect of PEL exopolysaccharide on the wspF mutant phenotypes in Pseudomonas
aeruginosa PAl14. J Microbiol Biotechn 18(7):1227-1234), 7] AF-olAE P. aeruginosa AwspF S o]
& AME3le] ZEfam= WY FolA PDE FAXR] prrks S22 24 POE E4S S7HAIAT. FE g
AwspF EdWol= F71d PIE €43 dEo] #A4d odi-GWP & YeEAL, F8 s 7kt
g =2 Aol 93X c-di-GMP o]l Faste AE AWEel dolA, DGCse /o] TAaEE 7HeAE bl

o o=~

rr

=3
ra
=2
=
e
oX
o

-di-GMPe] #A4dE FE2 Had vwolodE P4 Bk ol A 9 B & REste
ool e Aoz wHuy v Jul (Ueda A & Wood TK (2009) Connecting quorum sensing, c-di-GMP, pel
polysaccharide, and biofilm formation in Pseudomonas aeruginosa through tyrosine phosphatase TpbA
(PA3885). PLoS Pathog 5(6):e1000483). wle]ldE FAFS AAste AE APE 9 &t 9sir] A=,
g3E AXEEC JUES AFsA Frd (McDougald D, Rice SA, Barraud N, Steinberg PD, & Kjelleberg S
(2012) Should we stay or should we go: mechanisms and ecological consequences for biofilm dispersal.
Nat Rev Microbiol 10(1):39-50). o] ule]#E wlo|az2yetEel F#3 (hollowing)9t #H#o] Utk

o
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(Barraud N, et al. (2006) Involvement of nitric oxide in biofilm dispersal of Pseudomonas aeruginosa.
J Bacteriol 188(21):7344-7353). ¥ oA glyrexg g woloABdA FF FXEo] Wy ul
(% 2¢), #Ixe27t A2 odi-GIP 55 FRAIFAoZA vo]|l2dE PA4S AaAHS ek ofye), ulo]
LAF] B = S-S oujgitt. o] 7L fE Ehol= Aol AW P, aeruginosa Wio] B E
H, hya
[e}

2 ZRFoRA B Y 5 Ak WEN AEEY ASE, nAYw

P. aeruginosa vlo] . ZEo] &

o
Al
L
g e WAUSS ol k= A}
A
=

Ir

D
o
T
o g

£ ol eEA EE #gInesvt L

&35}t
ShA |, LecA ©@ido] vio]ledE P dddATE S FAE Hart vk, Diggle & (Diggle SP, et
al. (2006) The galactophilic lectin, LecA, contributes to biofilm development in Pseudomonas
aeruginosa. Environ Microbiol 8(6):1095-1104)-& P. aeruginosa WOl Q. ZENA Jecd A2 L3S #AAs}
Row, LecA-HALE dFoA = o] dF FAo] S7FEAL, Jecd EAWolNE HAES BHg vk At
2 Ao A= RI-gPCR A1 H S AREste] 2tz A el 9d Jecd 1A o] el 55 A8t
(= 9a 2 9b). °F8& P. aeruginosadl A &= A glol oA lecd FAA E&do] 50% ZAsATE. v
FA%Z, MEA c-di-GMPE T8I P. aeruginosa EAWO] (AwspF)E ofAE 5] vIsIA lecd 34+
o] SHeA 1.59 S7HE Below, @i A7l o]|Fdd= Jecd A HEO SHolA 30% HAE H
Stk W3, P. aeruginosa lecA =ob% EAMWO] (AlecA)+=, oY w3l HldlA, AXEA c-di-GMP FF
ol FrAE YEhR oW, c-di-GMP 5°]4 PDEC] &4 S = 1.58 F7H& Hehlde. oleg 2=
ey A

|\

Zom, o] w3 AEA cdi-GMP =79 7

& Fyw=27) LecAd] AT O 2ZMN Jecd FAA BHE 7FAA

£ oIk, THASRE ol dE AAE oFr|Ekdtt.

g eaE gt AEE (dE 59, T, Sl 2 2239) 9 AE TAE, T3 AQdA B E ot
Al AEEgH Tt} sf A AEEC] #yx=sg 22w golyd vloledE AAAE Aitet=A
gisiAe= ofd WEZ vk glow, e vlo| o dE AAAEC] s AME FAJA EE Z1shE HA oA
ke ZRIAE AE 7HA7E o gk o]frold ztell, vo]eBE AAAESY LS A5 AE o]
S5 Fofste Ao Hdn., dF 59, QAEoM) FXxFE vleledE XS dAGteH el &
2AstE Feh=s AL (Hentzer M, et al. (2003) Attenuation of Pseudomonas aeruginosa virulence by

quorum sensing inhibitors. The EMBO journal 22(15):3803-3815), ©]&= ThA] A& st FS Adsl= v A
wetsts WAehe Zlow Baud up vk o] A E Al v o549 AH Fopel 82
Atk FAA WS ke Bdd wEEolEe] At SUkste] Al A ERel 2s opr]stal glo,
& £, 95% o4 P. aeruginosa’} AEFW}OlAl (gentamicin), ZFEWYAE (carbenicillin), I-EF]

AYE (co-trimoxazol), AIZEIFA] (ceftizoxime), ¥ ElEgMAIo]Z ¥ (tetracycline) X &WHol WAHS 2t
Aoz de3x vt (Davies D (2003) Understanding biofilm resistance to antibacterial agents. Nat Re
Drug Discov 2(2):114-122). dteg|o} o] F3F& FA| &&= vlo|oFE JAAE AlolBE IS
st el AWES ARse oA FAAC] gk AR diter wWe=a vk, oY EAES
g vlo]l o3k ¥ (biofouling) FAES MAT F= U&= vk, FAE, & &9 o]z, H¥t A, AE7],
=71, 271 AH7) 3 22 e FX s o Ayl AR EE AAAE oA ¢ Aok

£ 4 u
o

<

HRoE

N
-
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Planktonic Biofilm
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Etb5a
H
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A
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A
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Normalized Biofilm Formation

Biofilm Formation
(OD545nm/OD595nm)
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