Rt 825 FTRhEPLERS SRHAT A7
FA L~
Institute of Food Science and Technology

College of Bioresources and Agriculture

National Taiwan University

Master’s Thesis

Pantoea vagans M17 z_ ¥ 48R B & %
E Mot P s el B
Impact of quorum sensing regulation on

the motility and biofilm formation of Pantoea vagans M17
% it
Hsiang-Yi Li

T A L
Advisor: Yi-Chen Lo, Ph. D.

P EARE 113 £ 8 7
August 2024

doi:10.6342/NTU202402835



B 3L &8 ok 225 42 35
DREEeELE

MASTER’S THESIS ACCEPTANCE CERTIFICATE
NATIONAL TAIWAN UNIVERSITY

Pantoea vagans M17 Z Z# 58 & J& 38 & $1 & &) Mk Fo & M B AR 89 %
Impact of quorum sensing regulation on

the motility and biofilm formation of Pantoea vagans M17

AiwxthFaats (R11641003) £ B 3L 28 K E R S H A KT TRZ
BMEE2aHx o  NERE 113 & 7 B 23 BATHHRLEBEEEHEB
B R B  HsbiEs

The undersigned, appointed by the Institute of Food Science and Technology on 23™ July 2024 have

examined a Master’s Thesis entitled above presented by Hsiang-Yi Li (R11641003) candidate and
hereby certify that it is worthy of acceptance.

0y =2 . . .
|9 Eik‘—i- B Oral examination committee:

ﬁi?*wa%7 el HE

HAERATALEYTEZILEFE S S E4E

7§ %% $A4 #E

BiEBASRSHABARA BHEHE

I #E
& A IR BrdRASALELRRAFRA BEHS

HAE L
/I(/}“ Fb f BrEBAERELCLER Hi#

%7’{ ﬁ BEm #

AR ASRRARAEA #Hi& (F#HE)

P & y’?% ébi?% B HRHR

doi:10.6342/NTU202402835



>+ 2
A

FAOREA L B RERIA K b8 Y iR > BH LT %
BE - 47 2 mﬂfg,g -1 ISR PR SRR A iﬁ:&’wéﬁ:‘“ g § fom HHELR
dohR A SRR B ORI £ 0 - B RN S ARG S o R F o B

PRARPNER A ACFRAY O LREL TSRS E R AL (B

N

ab
g
W

HT sdd fehe s S e R oo gt b BHRE RTE FFR FIT B
%ﬁ’*%gﬁwﬁﬁéﬁpii$%%?ﬁ%°ﬂ%’& 2Rt E RS F
BETSE R X o RCKRET VIS P BREA GG R BHER LB Y
PSR E o BREORHEENE inik? 2R BIA 3 A RPNT S F %M
Flopbeh s RAF g 2P RERGF IR LSS & D aRHE"
MBI R R A T AR AR E

Tﬁ.
11_

b 2
H

N}

E#H AP R RFd - RGP OR R AN DTE L BT RE D
?&ﬁ%éﬁ’ﬂ’éﬁf’fi’w:%% DA B | \;L,ﬁ \;Iﬁl\;ﬁ\ﬁ%é‘ DRI LN g
FE PR MG AT EE e e s TR e R A B BT R
oI RS 0 BB AR S RS R EAEE A gk g g
S o BRI PRE AET R OEI 0 B G R SR p oy ra

BRS S RANFET A S Y e AR R A A R

1

FPEEFA S AN E PR ETE S AN HRERES Ry p e Y2
Py o P FERE TR NG §FED e PR o

Bos o B vRAG B EHEE FOL TR N R R A G A

doi:10.6342/NTU202402835



EE ¥

MR & (quorum sensing, QS) 3FmFR A p 3 EH R L Rl EE
THFEBREEE A ERDERFPREERA  MFAHRUASATFILRE R
THEMEZ 3 APWA SR LeHFT A BLAAT R REwAERS SR
fx o F § % 51 Pantoea spp. 1 QS k kird N-fEfk-L-3 %+ % pap fg  (N-acyl-L-
homoserine lactones, AHLs) ¥ 5 p 3% & & - F % 3 L v 8 Fpc A A Y &E 4
Pantoea vagans M17 » P R4 $ 94 B2 2 i #1750 4 o 5353t P vagans M17
1 QS ki AT AJI* FE RS HaL P ovagans M17 g s Pagl %
% %8 PagR B 7| > ¥ PvagansC9-1 chBE 3| % BRAPIL > 2 5 5 W il e o o P>
2 HPLC-MS/MS # % P vagans M17 A # e QS p 2 % #% % N-butyryl-L-
homoserine lactone (BHL) > I 7 ‘v BHL & # A QS Frd)& 2(5H)-r%wmfik o
P vagans M17 33 %% ¢ »BHL ER"TFHAPFFH e F 2 o 24 40 - 140
ppm 7 BHL & 7% 8238 PvagansM17 24 £ > ¥ uigd 24 | pFend frogEd = o
J% 8-40mM hge 2 2(SH)-r4vam ik % P vagansM17 2 & » @ g k&R E 32
mM 2R el d et & e k4 BHL & 2(SH)-v4 v b R AR L2 M9
BAA VU ABEIEESE X Pvagans M17 4@ # (Feic 4 o o A% 6 &2

4 ] &> BHL # 2(SH)-v%vd fb 37 4] pagl cha I o pagR #2185 36 & 7 fliC2
g R % B K e o 2(SH)-vk v b § BT A (5 2 o § A R bssST én

iE o B B HT > Pvagans M17 ¢ QS 2 504 2 L6 F 7o ir L G

s

LM BHREEXD BB FRILETFZREELE - P L7 IFEH QS &
BT ET F i i TR 2 QS HAPNZE e HFERE
EFF 2P QS ARLIF G R0 B ARFEH L FwFdedl
MRS mFERDS LT R S D o

MeEs @ HERER R~ B FEA - Pantoea vagans M17 ~ 2 3%~ & o # {7

doi:10.6342/NTU202402835



Abstract

Quorum sensing (QS) is used by bacteria to detect changes in the concentration of
autoinducers, communicate with each other, and respond to environmental variations. The
concentration of autoinducers reflects population density, enabling bacteria to regulate
gene expression and exhibit specific collective behaviors including biofilm formation and
swarming motility. These two phenotypes may contribute to food spoilage. Studies have
shown that the QS system of Pantoea spp. utilizes N-acyl-L-homoserine lactones (AHLs)
as autoinducers. Previously, Pantoea vagans M17, isolated from spoiled cantaloupe, was
found to have strong biofilm formation and swarming motility. To investigate the QS
system of P. vagans M17, we used multiple sequence alignment to confirm that the
sequences of AHL synthase Pagl and receptor PagR in P. vagans M17 were highly similar
to those in P. vagans C9-1 and contained conserved amino acids. Using HPLC-MS/MS,
the autoinducer produced by P. vagans M17 was identified as N-butyryl-L-homoserine
lactone (BHL). BHL and the potential QS inhibitor 2(5H)-furanone were further added to
observe their impact. Concentration of BHL in the culture medium of P. vagans M17
increased with cultivation time. Exogenous addition of 40 to 140 ppm of BHL did not
affect the growth of P. vagans M17 but enhanced 24-hour biofilm formation. 2(5H)-
furanone suppressed growth within the range of 8 to 40 mM, and inhibited biofilm
formation above 32 mM. Addition of BHL and 2(5H)-furanone to the nutrient-deficient
M9 medium significantly promoted and diminished the swarming motility of P. vagans
M17, respectively. Furthermore, BHL and 2(5H)-furanone reduced the expression of pagl
at 6 and 24 hours. The expression of pagR and the flagellin gene fIiC2 were not affected
by either compound. 2(5H)-furanone decreased and postponed the expression of the

biofilm regulatory gene bssS1. These findings suggest that QS is pivotal in governing

iv
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biofilm formation and swarming motility in P. vagans M 17, while other factors such as
environmental nutrients may influence the regulation. Future research can investigate the
contribution of interactions between QS and the environment to bacterial adaptability.
Besides, the effects of QS on other key factors in biofilm formation and swarming motility
are worth further study. A comprehensive understanding of QS is expected to aid in

devising strategies to mitigate food spoilage caused by bacteria and enhance food safety.

Keywords: quorum sensing, autoinducer, Pantoea vagans M17, biofilm, motility
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% — & ~ Pantoea spp.

Pantoea spp. /%%t % 1% 7| P (Enterobacterales) ¥ %2 F4t (Erwiniaceae)

RS
fot
=}
oy

* f-%'ﬁ_.f‘:mfﬁvii}_ﬂ? B RE ~EFBEA 7 ERAWY A A A IF o i
2EERS 28°C 1 30°Ce-mfs ki aske d 254 0 BF A~ kife
Az o (Brady et al., 2009; Mani & Nair, 2021) = B @ Pantoea spp. ¢ z ) 25 i
ARG AR E P OV ISR S A2 4 i % = (environmental niche) ® 4 o
Pldcdofedr ~ B fu > A 8F ~ KIRE 23R (Lvetal, 2022) -

Pantoea spp. 38 A FFAARAR & F TP DA FE R Aoz /f?dp
Pantoea stewartii subsp. stewartii € %3 3. ‘o Fitie % i (Stewart's wilt disease)
VAREEG TR A ERE > BEIATNEF AL A E R IR
(extracellular polysaccharides) FE#-K i» & %] CREMEREHGE Ak (Carlier et
al., 2009; von Bodman et al., 1998) ° & P, stewartii subsp. stewartii Js % 3. F f8$k >
BA TR B PO EM S SR B TR 0 4 BRIz el po
(biofilm) # = (Koutsoudis et al., 2006) - Pantoea agglomerans YS19 & j&4F TRk $&
EARY A AR EK £ LEORE 4 o P AL el B
% o BEF RDOERT > B PagglomeransYS19 ifeuw A L X {8 BWE
(fresh weight) fdr 4l +r 1 634% - dpdle = L7 2 S4a462 57 BAER
Benfew 3t L X (8 gt udF 4 Lk ik (Feng et al., 2006) ©

Braun-Kiewnick % % (2000) % i& 79 &% » # Pantoea agglomerans Eh
460 R i rp oS 1 (late milk stage) fh= FHEFRTEIN 0 = X SR L 3
SR 3 v (kernel blight) 7 Pseudomonas syringae pv. syringae % 5% o

SRR o B -kaindlednyt o 5 P agglomerans Eh 460 A Bl 5 5 B <
$ R 8% & 65% I AEE B % o FI¥ Pantoeaspp. ¥ 1At (T4

2
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=% (biocontrol agent) o p* ¢t » &0 43 2 & fL 4 0 Pantoea vagans C9-1 &
Pantoea agglomerans E325 > & » WAk B % 2 F ¥ chd H o R A & > Erwinia
amylovora $3R¥5 % B H RS = % 55 % mHeh ’;%}?5 (fire blight) 5t 53 7 »xdr 41
2 (Lv etal., 2022; Smits et al., 2010) -
Pantoea spp. » A_* #8425 = # (opportunistic pathogen) » ¥ it §2 58 %
BEF L ERAopze & L o oI s T B e S B 4 K (Nadarasah
& Stavrinides, 2014) o ¥ LR A A Mg /T & 5 - (bR AL K2 Gr

FRMEEr A A LAANT AR EFRMARGS L DR G FR

(Dutkiewicz et al., 2016) » % Pantoea spp. ¥R 374 QR 47 » 5 R F BT
ER®R»F o B P agglomerans ¥ Pantoea dispersa % % L% B4 (Mani

& Nair, 2021) =

PRAF e kBB AR B 23 Pantoea spp. 2 R VR T34 793
(virulence factor) & 2 > @ 4p M A Fle 30 Fend R ¥ a0 X Pl E SN T
A~ F AR E B (quorum sensing) ~ = & 3 L E k% (two component signal

transduction systems) & § %

o

(Li et al., 2019; Merighi et al., 2003; Ramamurthy et al.,
2022) - H P oo FHHME R EATE N IFE S 2SS B~ 4%k 5L (secretion
system) ~ % 2 @R E LA 4 FF 2L A4 N AR TE R PFIALMIL

(Daniels et al., 2004; Papenfort & Bassler, 2016; Pena et al., 2019; Williams, 2007) °
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AR & (quorumsensing, QS) = i ® ¥ L] it g R IR E %
LT 4 m]}‘]ﬁaxﬁ.f‘r,f_xﬁ MEEEFRDRAH/ A H-,Ef:];&%é\gf"- MEEL T fﬁ'—ﬁ
% WA (autoinducer) & LBt F A EA A MEBRY AFIERE
(threshold) » T 1% % 4p o c6 35 1 A & LHE4 « B F p 2f AL £ 4 3 4
L0 e Ech 3 (promoter) g Sk % QS P A TFSA IR
AFZRDFL > QP ABRRAL ETF 50 e G éﬁ‘ﬁiiﬁfﬁ 3
B2 FFUEATFINL IR e HELE TR o s R R A F 4
T+ et B uAsF R o QS 4§ AR ChEEF P4 % MU 4
fm ﬁ*ﬁ%\ & P~ (Papenfort & Bassler, 2016; Whitehead et al., 2001; Williams,

2007) - 4 4 Biwigm 7 0 QS RO LT A HEF AT

o
—=

3o ik

& l«éb-»}; ,_:._i_—?'—

DR

i

B¢Y QS 32 F 555 (biofouling) 5= ~ § Ik T A4 " 2
}I% (Hense & Schuster, 2015)

PRmEAT ARD QS FAEHEZ pFHEN > L1 E NI FAB e

_u

i gihbomfr 2 - I FiBlomFrRr - 2 AR & AFAR

7 B WCehR P B cfis X R (sensor kinase receptor) £ i f fw P B ciifE &5 ¥

218

F LA A D p A G %S (oligopeptide) © * # % autoinducing peptide
(Papenfort & Bassler, 2016; Williams, 2007) o & & jf L A {2 F P % L 35
A 5 N-pEA-L-B % g B fig (NV-acyl-L-homoserine lactones, AHLs) » * #i %
I 3] p 3% %% (autoinducer-1) o H <X R e PF 2 5 &/ 14 7 ip > 23 mve F
(Stevens etal., 2011; Whitehead etal., 2001) o #* ¢k » %2 & B L BB 2w & £ fF
AR E A I 3 p 35 EA (autoinducer-2) © B &7 b ¢ A) = 0%
AR o

tetrahydroxytetrahydrofuran) » ® * f # Sg4= 5 4,5-= 22 32 3-~ 2 FAr (4,5-
4

e 54 227 £2334-w v § ek (2-methyl-2,3.34-
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dihydroxy-2,3-pentanedione, DPD)-1I %] i & ##] it 27 kb enim F i~ A Gk
TRWEFALRFE I F RS - A SRERIE B wEA 2 I 3 g
BHEH o TR Ep LA T4 R (Hense & Schuster, 2015; Papenfort & Bassler,
2016) -

e QS £ p % E (autoinduction) fHPE A o Tk B4R Vibrio fischeri
14 43 & (bioluminescence) P & iE ALY E B A, o Ay BFIA S Bk
2. lux ¥ % (operon) ApRf & F] > B V fischeri ¥t #3¥ (logarithmic phase)
mifpgr Y iRy BF (lag) Mg AefHEieh e 4 £ igFd (stationary
phase) = Hp § Poid H 4o o gt h o BFRI A 2 A K BT I 0 R 4 » i
PenmAE ERY > ¥ FEL 3k (Fuquaetal, 1994) o V. fischeri 0 lux
AT AARL E L QS #8412 #53] o V fischeri 0 lux operon & 7 N Ak
oSS BE g E oY - BEANTE G R V- EASE luxd
wpehE B fux AFe 2P FRATTOREEE LT 00 lux] & luxR 1t eh
BuWAFEF oo lux] 2MehFe T 5 AHLs & & pF > @i S_B,jtfgj‘ﬂ P VRpE

(S-adenosyl-L-methionine, SAM) £ fig 2 - fis & * 48 ¢  (acyl-acyl carrier

f

protein, acyl-ACP) & = i AHLse AHLs ¥ it § &lo Fhim?e Fp o ;ﬁ“ d A
@'ﬁ%ﬁ’%f% v d mEF AT IR o F EE R R M lux] AR
4> AHLs R SR T LER M 824 % QS T ¥ »¥ % & # 4 > AHLs
EREIIE @ o xR (A ¥ 5 AHLs enZ R @40 & 30 7> f1* N
#He AHLs S &4 4 > 7 i FIRA e % a FEFKE - ZAgF 614 C
A lux] } Fekrd 3 BB OHE lux-box Z BABEFE e § o lux] B
penH B Jux T2 4k o 4 AHLs-LuxR #4F & % i* # 4% £ 32 Luxl >
H A AHLs 22 5751 { 5 LuxR> 78 i% AHLs fhA 4 214 $ogf ks
FoF oD g B ERE o xR chE I E AHLs JER MR E > A

kR BT 0 FE 0] QS et b ' (Fuquaetal., 1994; Papenfort &
5
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’

Bassler, 2016; Whitehead et al., 2001; Williams, 2007) o

E* B mET QS ",4rf T3 luxl ¥ luxR F k¥ (homologue) 2. & T
AHLs i &4 ¢ % LuxR I %4 #4208 # fods 3 chid & im0 R4
BE AL FIHE 452 5 (b & B 2 Frd (derepression) e B k0 A 437 F st F -
FF e rhpEE s SPES A P8 oo SR (surfactant) ~ 38 #1487 450 % S
FAAMM2ZHAF ¥ € X3 QS #ir (Daniels et al.,, 2004; Papenfort &

Bassler, 2016; Pena et al., 2019; Williams, 2007) °

HRR Rk iz e T

WA T et BARS QS ke NE FRAKEmED T 0 HI A
QS krendEit s A BE: T oA #H L b - S BEKRY B Ao Luxl
2 LuxR B k4 > BiRp & rlmFE o ,—ﬁ’-*{m}lﬁ AP EER Y
(multiple sequence alignment) 3% * 3% B %4 (phylogenetic trees) e %ﬁ d it
e i F- REE S ETRR  AFRRRE wmpEF L FHREDLETARZE
HEd QS el e - - RARBAIFILFRRARELE » BF G
RiSEITIRAPE P o BFA* K472 (chromatography) 4 3tk &7 1% b =
Ao ERF % (mass spectrometry) ¥ A4 47 0 T FRA 2 9 AHLs
(Beck von Bodman & Farrand, 1995; Chalupowicz et al., 2008; Jiang et al., 2015;
Morohoshi et al., 2007) o # i»] k3% > Pseudomonas aeruginosa % 3 = B % I ih
QS i » TMFASAKZFEwANF Lo B QS ¥ 5 3 BHE lux i
oo AWIFL las E rhl o B s 3¢ R lux] kA (lasl 8 orhil) &
luxR ¥ &% (lasR & rhiR) B3¢ L5 F ol ikt o las M % rhl s 3L A
4 e p A A b 5 N-(3-oxododecanoyl)-L-homoserine lactone (OdDHL) 12
% N-butyryl-L-homoserine lactone (BHL) (de Kievit, 2009; Papenfort & Bassler,

2016; Pearson et al., 1994; Pearson et al., 1995) - 7 fre7 QS s sL¥ ic 2 p 24 &
6
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PR A TS A A de las kA RBE R0 BEnd L~ phl i A &R 2 pES
(rhamnolipids) & 4 % ; & & X 33 & 404 F 04 & (Yan & Wu, 2019) o

2 }F*J% % P 7 F Pantoea spp. ¥ & 3 b - 2 lux kY i 0 bldo
Chalupowicz % * (2008) % # Pantoea agglomerans pv. gypsophilae » %t
hle & pagl 21 pagR> 2R wmF? © winl kP RF I ERI Y B
5 B o1 H &2 Serratia spp. 2. — R A 40 % o » F AT ¥ P ostewartii
DC283 ¢ Hh il 4 » T REFRY lux JSRDRFL GG L esal &
esaR (Beck von Bodman & Farrand, 1995) - Morohoshi % 4 (2007) ‘“ %t
Pantoea ananatis SK-1 # 1 eanl ¥ eanR - 3 H.3 '*Ff 2 esal 1% esaR 2. F
- RkpE 90% b oo

AHLs % - %7|E fpeftiopme 0% Lenp 5 EH 0 2o B4 5 7k
it g 5k g e fig (homoserine lactone) ' 4% 7 Ir & & ~ &7 o R 2% F A £ ek
& (acyl) pléae pleacnE A7 a5 4 1 18 B FBE: ¥ BARA
FHF e M AN ASNEN 2T LG 4 (Daniels et al., 2004;
Stevens et al., 2011) - % #2_ Pantoea spp. A # 2. AHLs > Lo = )f?% TR
e Pantoea spp. ¥ & & 0t g o ¥ AR 500 E K K 452 (thin layer
chromatography) & B » 1% #F 2w F 5 2 F g R E (biosensor) & d - 12
4= ¥ 2| Z_ Pantoea spp. # 4 2. AHLs % i fa#g 22 £ 4~ (Chalupowicz et al.,
2008; Jatt et al., 2014; Morohoshi et al., 2007) o » F 3% % & 7 ™k 4p & 47- 3%
% (liquid chromatography-mass spectrometry, LC-MS) & i 4p & 47-8 58 5 3% %
(liquid chromatography-tandem mass spectrometry, LC-MS/MS) » 4 7 3 B~ {s i
s L HR? P AHLs R3S 35 23 33 2 Fjz vt (mass to charge
ratio, m/z) F 3 > 1 ¥ 2 AHLs ¥ & (Beck von Bodman & Farrand, 1995;

Chalupowicz et al., 2008; Jiang et al., 2015; Patel et al., 2016; Yunos et al., 2014) -
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Ji

B LGB

AP hw@AR T e (reversibly) #E > EH I he o X A4 6 3
5@~ 39 F gt DNA ez “h £ 4 (extracellular polymeric substances) ¢
BREEDRAM A F R SR 2 S BT o 4 SR

ST SR W Bd R S B A A DS IR E E 2 doft

=
R

<
B
e

Al FARARE wA R PR EZ AT R REFIERET R

B B A SR ¥ o 5 845 & (conjugation) # & | (transformation)
EAE o U FREA) S E P~ 2 # DNA (Baietal., 2021) o 24 = 5rehds f 57k A
7 = BFFEC D MEFE (attachment) ~ = 3427 4 47 (dispersion) » ¥ ¥ B 2% T

i
FR AR D2 BHE ~RWA R DR BE wE A e FEREEA DT R

R
g

¥ A G RECK T B S S (pil) % o § RS E B
FoPBA ML G ER M BAAREF L W FE SR T E S SR
A Fas o A5 § K enab ik (mat) ~ 4Rk (stalk) 2 ¥ % (mushroom) ¥
oo 2P STF iR p BB Y k4 (erosion) ~ T 7 (shearing) # B 3f
(abrasion) ¥4 3Liv* > N F 4 Fp £ A N F F 423 FRa#% (sloughing)
FoMduihmie o Ry AR G A SRR G EATE S AT
Sk d HFE LA RET - HB%REY (Baietal, 2021; Donlan, 2002)

2% % é;gu,a DQS BAF WM o blheF AR Y %ﬁa 2 Fh
(reporter strain) ek i AP AP K P OTEE A G AR A Fos 1R BT
3§ 35 ~ i (bladder catheterization) e % # fREF P 2 e o Y
AHLs 7% % (McLean et al., 1997; Stickler et al., 1998) - = F = }I?c %1 4 P
v o bl QS e EA L i %f@‘l“i‘—fi’fi-‘ffﬁ'ﬁg#ﬁ WA T2 AR
(Landini et al., 2010; Riedel et al,, 2009)  Li % % (2001) F; 1 4 4 w5 i
e Streptococcus mutans %%'d QS Hf 4c ¥+ ¢H Rt DNA crfleP~ » H 304

FAA R AT L ¢ M DNA 2 s joan s » 5 FFcs ool
8
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I HcE B o Paeruginosadlasl 7% %4k, = chd Hok R &5 B 4 A5 20% o

AR E AR > P RIS R L AR o h4cHE pF EH OIDHL £ % {4 eh
SEHT O AFUDOERE mEA T Y AR B H A Al 4p ek T
(Davies etal., 1998) - #- P.ananatis SK-1 *# & eanl M"f 6 RE AR S
WA SRR T2 A 60% 0 ¥ Zi oA AR SRR ER AR T
# 44 $% & £ (Morohoshi et al., 2007)  P. stewartii DC283 Aesal % %1% &
AesaldesaR R #IxA) = chd Frigah Z P hgen=z BgHE » 2 ¥ s R ER
ME AR ES T AT Y 2282 45 #r7 F (Koutsoudis et al., 2006)

plob s R A FNEARAILGE QS HAF TR M o P £

‘sk

T G k4§ §¥Eh LB ¢ o Escherichia coliK12 ¢ bssS R %1k

WABRIAAYKA =R ot LB P 0 WA B RFRAOI A LT
Z R o TR ML 5] (microarray) S % AT AR B G AP 2R R
R 24 ] (T % (catabolite repression) Ap B enA F1 & LT E G 2 2 (Domka
muJWQoﬁﬁﬁME%ﬁCWMAMHmm@)%&ﬁﬂaaﬂwéﬁeﬁ
F CAMP 3 4c € & Isroperon 2 £ I B f F K- 11 3] p o & v o F P

ﬂia?] ~ (Wangetal., 2005)- Domka % % (2006) % L% # % #& 3 2P lsr operon

s

£ 2

=\
F_*

Sz B RFPAR b bssS REHETAARAT 4 1 6300
FEH 0 R tRee b T A A AL R BB T 0 A p R T A
i EHER 0 F)A B FA e p ok 2 e poS g Fedl A R o R
¥ REE IR bssS REIRT rpoS R MAITH] 3T BT A~ g ke
Fod SR H 4o Fl o (FEILE bssS T 2 A& F]F (global regulator) »

A R 0 B M AR E AL etk o e 0 F 2 g

T

Fet A Pk ik inim [ € 35 ¥ bssS % TR o Hancock and Klemm (2007) %
o bRk E coli FREP Y > bssS chER R E B 4 S IFER LS 63 &

18.6 & o Apt 35w > & LB ¢ 8 % % X i Citrobacter werkmanii BF-6
9
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A 50 bssS R EHR S 40 & (Zhou et al., 2017) o ﬁ"g Lo B R
R ez &4 LB P A& e X C werkmanii BF-6 2 % W lmF? i
bssS # MAGEFmERL S 24 3 (Zhouetal, 2013) -

wE A G A% 7 (swarming) G - RIS SpE i@ R 5N o F B EH -
FERT 7L B (rafts) ¥ > X FAMAG REBH - LaBFELF
FEHMMARYE AL I T HEwe R R AL S HS A RS
it* (hydration) » ¥ 5 PR AB¥24 &2 4 5 5%k 4 & (Daniels et al., 2004; Partridge &
Harshey,2013)c % & # (76 A o LB E v ¥ 2RSS - FYPFELYG
T WA Rd FDIEh R m A o & R E AN A A FINE Y
BEFR 2 (Vicarioetal.,2015) > L5 A7 &7 » 2o (72 2 94 & E 4ph
oo B T3 wARAT & R e FHEYE &2 45 T K5 g
w4 A, S iR =8 (Worlitzer etal., 2022) o 8L 4 @ de 4 - 43 i 224
PO F B hE K e M (O'Toole & Kolter, 1998) o » § = Lf’vifg an s
g1l Fh oy 4 Jﬁ Aprl o 3L Z3Fd A 4 e Pseudomonas fluorescens # %353
TEEEHEF AL AERS RER WS AEEF OSSP ERE LR
(% » ¥ 5 B_F] 5 LS $2 e S PRET 4 G AP BE chft 7 4 (Korber et al., 1989) o

BmEHMT s KmAS A G Bnh G e o 2 mAEF L QS B

Bow BEmanA 4 8o w (Kearns, 2010) » P oaeruginosa & {74 wm £ (7 pF » 97
Tk e AR L KL B A e TF] rhlid & rhiB cnE& X rhl i %t

A & (Yan & Wu, 2019) ° Bacillus subtilis ¥ Serratia liquefaciens = J o &%
As X IE p e QS kst i (Partridge & Harshey, 2013) » "f (N R IR e |
2_ ¢k ’ﬂ}”#ﬂ QS » AHIML AT Fv hE R 3L AP ’M% E.
coli » T Al p FEHNESFFRATF] xS > L F-v FHC ehi BE T %
(Sperandio et al., 2002) - # 3 & 1 » P. stewartii subsp. stewartii DC283 ¢ esal

RFRE flIC 2R A T 2B 7 ? B QS EHL Fv 30 4 o #
10
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7ehd & #4+ (Herreraetal., 2008) - Apfie>t &2 2 4 p 3% %#H/ch E coliDH5 o >
i dg A2 p ok A E coli ATCC 25404 ¢ fliC sni A 4 172 B 5 iF
4v 60 pg/mL 9 QS Fr41#| (5Z)-4-bromo-5-(bromomethylene)-3-butyl-2(5H)-
furanone © ¢ ¥ E. coli ATCC 25404 & fliC # B> 263 #% (Ren et al,
2004) - Sheng % + (2016) » I > § F F X B4 (7 5 Bth QS Fr43 >
NHRCARALTE R Ecoli 2 T A p &R Bt bk, 2 v
#- FIC £ ME "1 &2 ERITERRE -
Rl AR

A G 2 A RN LEET B R B de K fREER AR E
wF % ~DNase % i wpimre & % F (periplasm) I %-vh3Rit > P F
Ao HAL R BHO A PRSE A R H R T e
oo B S s TR AR BRE J & £ (Green & Mecsas,
2016; Maphosa et al., 2023) °

EEREILIE o R © KA S TR B MU I U A AR A .

.
¢d
e
~=b
\g
&~
A
;
,},«P
Ji
h i
8\
‘(\
\
c
It
_A

A LHd 2 Fai4ed ¥ (Maphosa et
al., 2023; Penaetal.,2019) - @ % = 3] 4 ;& % 3L (type VI secretion system, T6SS)
BE AL mEAY g Y bt RANAT LS 9 25% 54 T6SS
1P M 4 %] (Singh & Kumari, 2023)  T6SS % B £7] i if fren= 2 87 i 3
v (effectorprotein) I MmF& & 2w p o 3F § st Fv 0P 5 o Fenim g
W fmee R mee b 2 o TESS 4 Akdn 1T AL dm AL IR £ HRA S
W S | E Pweand 4 X E R (Green & Mecsas, 2016; Sanaetal.,

2012; Sana et al., 2013; Teschler et al., 2022) - T6SS & § £ el 4p i chg 442
11
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i

sl B AP 30 13 ke FAGLS Bfre s BRI g
1 & A G DA &% (membrane complex) ~ K5 (baseplate) ~ W i et Bt E
(sheathed syringe) ¥ ¥k {| (spike) (Green & Mecsas, 2016; Pena et al., 2019; Singh
& Kumari, 2023) * %5 & # %45 m B A | B RF B ET 5 o B F
Tedgd LR B XTI HF 8- e Bd B4 FEH &Y (hemolysin co-
regulated protein, Hep) 14 = B ehak ik ‘g3 dp ) = e it 54 o feigiy ;ﬁ
dfTEFE A o B ol e DRI E S B o e T D R
i o BT Rv ¥ B Y o B r g i B9 (55 ATPase £
ClpV ##i» ¥ 2 f 8478 v ity he s 4 > 37 - ﬂ.‘éﬁmﬂ{‘{ﬁ.@—f‘?i? %
(Dougzi etal., 2016; Pena et al., 2019; Singh & Kumari, 2023) » F]* - 435 5 T6SS
W F R B AR S o

Hep % T6SS ® =t » B ki sd BY 7 iy 2okl dov o 4R4R
&= T6SS k& (De Maayer et al., 2011; Yao et al., 2023; Zhao et al., 2024) - 3
F 3 B Hep fg;"’z a rh R Mk 5 TG B IT 20 A F1 & B Salmonella
enteritidis 2. g % 22 8% % & 4 (Zheng et al., 2020) - & hcp wAE
Agrobacterium tumefaciens C58 {5 & & B. &)= "B iy 4 T ' (Wuet al,
2008) ° M“,ﬁ% Pantoea ananatis LMG 26657 — 3] T6SS 1 hep EMEFRCR
AAEFEF DA 0 E R mESEL i 4+ % X (Shyntum et al., 2015) o ¢
‘t o Hep #tdp 132 F0end = & ?F/I%b‘_ o Sauer & A (2002) I > B EHF
AR Ap vt o Hep & P aeruginosa 02 1~ %ot ¥p 2 33 2 300 B o Vibrio
parahaemolyticus 1 hcp REHR2. A A S5y 4 3 &0 P AP Sz M
j‘%fﬁ (Enos-Berlage et al., 2005) -

ClpV F # % T6SS ¥ %= chfrw = & 2. — » 3 AAA+ F-9 %"
(ATPases associated with various cellular activities) > = T6SS # & it £ (Douzi

etal., 2016; Forster etal., 2014) - = },?Jc%\ 7+ ClpV # Hep & R E R &M > 4p
12
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v 25 2 3| Vibrio cholerae V52 » clpV R #treht i @ ¥ m 25| Hep
ERBRN W EBPPN 2 AREET S AT B clpl # v RERT UK
btk ? Hep ¢4 3 (Bonemannetal., 2009) - Mougous * 4 (2006) » 4
- 3] T6SS =1 ClpV ¥3*% P aeruginosa *» i Hcp 2. % Jf o gt ¢t ’#ljf
clpV %3k V. cholerae V52 ¥+ E. coli 2. ¥ it # & *# (Zhengetal, 2011) - P,
aeruginosa PAO1 = | & = 4] T6SS &1 clpV R B4 R'EERNGH T 4
EL o ¥ AP e eniz s v 4 R0 (Sanaetal., 2012; Sana et al., 2013)

2 gk B H B Pantoea spp. P 0 F i 5 =48 T6SS A Fl1E 3 & (De

=

Maayer et al., 2011; Smits et al., 2011; Yao et al., 2023) - 4 Z_ T6SS ¢ % P
ananatis B8 5 L A KPR gERd 4 o2 HEEEF -2 v E 54N
TR ORI ‘Elg (Shyntum et al., 2015; Zhao et al., 2024) - p* ¢ » v[,?c Z p
T6SS thi d @ mFps £ B> 4pM > QS ¥R E 2 MG - TAAEDEE
(Pena et al., 2019; Singh & Kumari, 2023) - # 3 35 1 > M“,’TT P aeruginosa =
lasR » € i< = 48 T6SS ® hcp % B (Lesicetal, 2009) ° & P. aeruginosa
oo 2 Al = A T6SS ik Eﬁag“ﬁ%ﬁfki%ﬁ’v}.% B A o e rhll £
lasR % %+tx¥ > & 48 T6SS ¢ TP BT % ﬂ]‘ svip e AHL 248 v lasR
f$ a0 593 4 2 4 IR (Sanaetal., 2012; Sanaetal.,2013) - Zhang % + (2011) =

BLZ 3| > Yersinia pseudotuberculosis ? w | T6SS e IRt S By 3 4e > 30 4

SUREDE T RE 4 A l’jsvi;ﬁ"l",f luxI T &4 ypsl &2 ytbl € > T6SS % RE "}?]?
hebfesh AHLs & Stz o = 4] T6SS ¢ Hep ehik 4 ¥ Fn & i
HA4vm o a2 R RFHNLRBRESF % > & Y pseudotuberculosis

¢ %3 AHLs -Kj#pF ;A 7] aiid » %3 T6SS ¥ Hep eh# W T % o

13
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O HEERR

d 3% QS a4 FlF i g £ &2 Frdl QS AR S B4 RTAlin
Fl kg o ¥R (quorum quenching) g rt v F A AEE S xR P f EA
1 QS Rt H A beeap i & Al F 4 F]F AR 240 4 ¥ (Ladeetal., 2014; Sikdar
& Elias, 2020) o F A58 g * 8 7 AR P ARdF 3 o f}vl]—ér'%ﬁ_’?f; CREE L EA A
7B~ 853~ 42 5% (Paluch et al., 2020; Rahman et al., 2017; Tiwari et al.,
2016; Wang et al., 2022) o

P fd L op HMER 32 0 7 U L L2 e - B
AHLs & %' K HJE R cacyl-ACP 5 &= AHLs *t3 X F2- > a - % ¥3% &
fiv (triclosan) it #r ] TF P Ak - m&.ﬁ? 8 3-v B R p* (enoyl-ACPreductase) =1 > &
B AP acyl-ACP 2 224 (Dongetal., 2007) - + § #7 % 4p 914 £ % (naringenin)
fv B % P aeruginosa * lasl v rhil 2. % 3% > ¥ 3% OdDHL ¥ BHL & & T '
(Lade et al., 2014; Paluch et al., 2020) - ~ B3 AHLs .‘Lﬁg #HL I EM EE
BRI L o ,‘fﬁ“gl KplwF v oFpf L2 58973 FAEE AR AHLs B4 -
b4ep fn fF (lactonase) st 79 #L3k AHLs P fp 3 (lactone ring) ; fig?<f# (acylases)
kK fEppregt o % AHLs " 2 5 a p R B R g PANfig 0 3 R RopE
(oxidoreductase) ¥ 4 fefix L ipldat 4o » sg AN R R A 0 # AHLs £ 2 F
(Lade et al., 2014; Sikdar & Elias, 2020) - = ~ 4]* AHLs ﬁiéﬁgﬁéﬁﬁﬁ‘/ﬁ% (analogues)
i 5 4] #® (inhibitor)’ + 3 AHLs 2 X §8 % & n—\/}é‘ MER G40 p §
Fihk P a5 Rekwm 4 2 % (furocoumarin) - 2 AHLs sk 55440 02 -
st #r4 Salmonella Typhimurium ~ E. coli ¥ P. aeruginosa 12 %4 = (Bai &
Rai, 2011) « % p ‘=% (Delisea pulchra) )it v2wa fip it £ 4+ (halogenated furanone
compounds) » £ F £ P fig TrAp i kv ik B 0 R B R AUE D QS A -
(Eberl et al., 1999; Givskov et al., 1996; Ren et al., 2001) - “fT? 787 AHLs 4 X 8 eh

ey ditvkrakatdy 0 g @ LuxR 7 825 4o 2 % # (turnover) i 53 4
14
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it

& DNA :

\—3

T gz fE e 4 (Sauer et al., 2002) o

'm.hL

TR e &Y 5 B0 eh 4-bromo-5-(bromomethylene)-3-(1-hydroxybutyl)-
2(5H)-furanone > % ¥ p 3% ¥ N-(3-oxooctanoyl)-L-homoserine lactone (OOHL) F
Fﬁzfl‘ Se R 0 G Sg R E.coliMT102 Ftk? OOHL 3 ¥+ LuxR ik df 44 &
kAot BTk X FER 5 3 60 4% & FE coli XL-1Blue * LuxR
& IR 2 AR % Seenfpdliedpt W 5 B0 (Manefieldetal., 2002) o = 5 A7 £ P
#-% % A 4 ¢ 4-bromo-5-(dibromomethylene)-3-butyl-2(5H)-furanone 4 %] 14 30
I 100 pug/mL # % ek A 7 #c*" ABminimal 3 % & ¢ S liquefaciens % & #
FRAAPER A EAY £ 20uM FekmfkniE 2T > 4 BHL -;f]w;%/i
d 2uM Hi4e 2 20puM o i SgR-ERR 24 ) BEepA G A 7 XD d 33T Omm &
5% 35 mm (Givskov et al., 1996) = 2§ 7 3 F 4P M ke fip 74 4~ 155 QS
FrdlH 2 sc%k > bl4e 7.5 mM e 2(SH)-+2ra fit (2(SH)-furanone) % P aeruginosa
b FrAlER 0 HER T F B Paeruginosa Atk 64% I 89% ik o #
= (Ottonetal.,2017) - 0.2 ¥ 1mg/mL = 2(5H)-v%ra fit ¥ 14 & %] *% 1< Aderomonas
hydrophila 17 % ¥ 32% &4 494 = § (Ponnusamy etal.,2010) o g+ ¢t » 5 3% %
< )I?% i * (Z-)-4-bromo-5-(bromomethylene)-2(5H)-furanone (# £ C-30) % 343 18
7@ 2c% > Mufioz-Cazares % 4 (2022) # 3 4% C-30 (h# kAR 2 10 uM & 50
UM » ¥ P aeruginosa PA14 % 4 3| &\ 25k 9%&;?1%%? ARG R i P
A 2 25% 3 90% A EFenfrdlick o 2 L R PfFRT o @ * 10 uM
1 C-30 ¢ %3 P aeruginosa PAO1 # 24 §Fend $7 550 ¥ 3 dnd £ a1
3 4 (Hentzer et al., 2003) - # 7 &7t 0.1 uM & 0.5 pM 7 C-30 % 7 12 P9 &R
"> Acidithiobacillus ferrooxidans % 24 ¥ 48 /| Prcnd Fig g € > ¥ 4 PG
F T (Zhao et al., 2015) » + § 2 jrdp & v 1 50 uM m/}a)ii/f]‘ be C-30 BFmH

¢ % 24r4] P aeruginosa PA14 h% 6 # 7 (Maeda et al., 2012) -
15

doi:10.6342/NTU202402835



B WM RS AP AR B LY G

Fuwini QS ¥l 2 HpH 2B L a B FLF oA IET » A3
3BT ’%'J“{TT eanR 1 P. ananatis SK-1 > B 4 Faggave ¢k 5 pE g § 2205 4 A 4p

13}_%

i (Morohoshi et al.,, 2007) = = § ¥ k& 77 & 2 | 14 %5 % Hp A e PR
T 5 3% 7 lasl e P aeruginosa PAO1 252 3 $ iz T30k B X ek R 205 4 )
24 AB 2 AR A AT HRBI 0 HR (Heydom et al, 2002) o #

Shewanella woodyi MS32 &1 luxI F % 4§ 'J“,/T‘. CBER AT REREAY CHERFRR

‘ifr"
|
wi
‘F‘i\

ER L= Nk A £ (Hayeketal.,2020)° iz 48 57 f 5 o fFR T >
QS &7 Pa:sm‘];;z]'”c‘ I F81 4 FogAL A o

Shrout % 4 (2006) dp &> B4 4] P aeruginosa ATCC 15692 FEELED
BURPE > 25 B end Poole vt ghaa il B S 0Rp L H BRURPY > A5 2 il Fo
LTy e @ GER A BARE G e A2 hp AR BAPT AT

FRR T BT mEE - G QS B pweui S LY f T

-
=
[

=

d g QS A E AT PL P G 2R BAPA AR o e
xR AlasIArhll R R gza e 5 H s, B & and o ¢ 7 .
BHL # OdDHL it 53 & B xR 27 2 3] chigdf o 2R a » & § Fabe #50epe 5 5 b
BP0 BF 4 A 8 R A B S chd St A AR e ;r—ﬂ FILDZ T FIa

facnss R ALY > WA A FROER G M T 4 W4 L g2 EED] dlasiArhll R %

™

L

¥

Wen#dee ¥ b A ARURE by bR B2 A B RFAFROE G A T4
PAREFL ikl QS W AF A B e BTN E Righiamiha
o S o pth o mk L X RI ML ArhIArhIB R B A G BT A4 R
Ripgt AlaslArhll R B p & o izt & QS ¥ ?Z%%’d DR L

2

s F

St

A

FRBER e HET o REP P FIT APE o
peeh o S G T E B P M B i (flow regiment) # Fe B o lasl R
R P aeruginosa PAOL )= thd 32 B8 o &% & @ 4k /v (laminar flow)

]
16
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T o WA Alas] RERE R TR NA 0 PERE2 LG RER A 6
AP FRG AR R ERBHRGL A L Rk B4R (ripple-structure) o A i
(turbulent flow) 357 » & ﬁﬂjsﬁ 2 Pk oo B E R A P €A BB ama
A (patches) & 35k e A 1‘]%_ (filamentous streamers) o 7% @ ¥ 4 3| 22 % 5 7] “,,%]’
WA At P AL R o (T E RN AT P auR B R QS & p A EA T
AP A R AT f o 2 QS T o J{ A o f? & B+ (structural
heterogeneity) & 3 F }gk (Purevdorj et al., 2002) °

JEH ﬁ¢}§%%§IR QS WAL WAL AL HBETLAEIE fpg A ¢
LR FE4r BB AL  RHIABHFRE G AR HEHE - B %
BT > Pantoeasp. ¢ QS ¥ A F A X B LG BT BE s PH T ITE S

FiFER QS B2 FHRETHA B A APk 2 AH -

17
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$2% P70 ARRRER

FHRETADERE {4 AP A 3D Pantoea vagans M17 > B 5 §255 cnd o050
AL aBERd I RBCEHBE P AASTTE S LT A s
A FRAARREXI QS BAE AR P AP e Pvagans M17 2. QS i ke
p b Pyagans M7 0 QS ik d B & ARl (20 2 8 o T AR 0
P e i fE Povagans M17 2. QS ik 2 B3t d Howd 2 4 g f5 (72 F
FoTe- HBREIPMAFILRLT AL %o

AT T R Bk A fﬁ LBk E e BINA (B 3-1):

- ~PvagansM17 2. Luxl ¥ LuxR F % Fg3d ° %ﬁvj LRI A Sl
BrouEz > BRF (P ap e BT R o

S BFENMNAFE 2D N EE P ovagans M17 2. luxI 8 luxR R Ftk 0
1 f%E luxI 22 [uxR L F|# i e

= ~Pvagans M17 2. AHLs #%_o #-3 P~#7{84 5.2 HPLC-MS/MS 4% #7 »
FEE_ AHLs z = & o

2z ~ 353 Pvagans M17 2. QS $ & A& A4 2 2o #-#Fw 0 2. AHLs
VR B Rrd A A BB ARE RS R QS H#W AL A H A Al
Fom A Feni®® o T IFF AHLs ™ 2 Bpandrd & > #3t QS ~ 2 F 5 Bl L &

T6SS Ap b A F1 & B2 B o

18
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Pantoea vagans M17

Sequence alignment

LuxIl/LuxR

homologues

Gene recombination

Gene deletion

B 3-1~F &FEH -

Figure 3-1. Experimental flow chart.

AHLs and inhibitors

HPLC-MS/MS

P. vagans M17

Bacterial growth DSl
phenotypes
oD Biofilm formation
600 nm Swarming motility
19

Gene expression
(RT-PCR)

QS, biofilm, motility and
virulence related genes
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Frd e

Foow s FEAE
R sER
AT AR S PvagansM17 > G A @ AR HRFEF R 7R EA N
LR PR > 625 °C TREET 96 [ FEenE - f AP AAE o
BREFRRBDIFE A4 BhaBiETnt o BRErREr 2@ A ST

i3 L (X 2R 2021 ; B > 2022) -

~

|
- Y Fer

E

1. M2 4
(1) Agar~D-glucose~sodium chloride ¥ tryptone’ F-% p Bioshop Canada
(Burlington, VT, USA) -
(2) M9 minimal salts, 5X ¥ tryptic soy broth > =% p BD Biosciences
(Franklin Lakes, NJ, USA) -
(3) L-malic acid £ yeast extract » =% p Thermo Fisher Scientific (San
Jose, CA, U.S.A)) -
2. 8 Fx&
(1) Acetate (¥ B > 99.8 %) ¥ ethanol (# & > 99.8 %) > PLF p
Honeywell (Charlotte, NC, USA) -
(2) Ampicillin 2 glycerol (& 3 > 99.7 %) > F£¥% p Bioshop Canada
(Burlington, VT, USA) -
(3) Crystal violet ~ magnesium sulfate ¥ sucrose (& & I > 99.5 %) » M
% p Sigma-Aldrich (St. Louis, MO, USA) °

(4) Dimethyl sulfoxide (¥ & 99.5 %) > % p ITW Reagents (Glenview,
20
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IL, USA) -
(5) Disodium hydrogen phosphate » B p P fr it 5 &35 € 42 (Tokyo,
Japan) o
(6) Ethylacetate’ B+ % p Macron Fine Chemicals (Phillisburge, NJ, U.S.A)°
(7) Kanamycin > B£ % p Bioman Scientific Co., Ltd. (New Taipei, Taiwan) °
(8) Methanol (HPLC grade) > F£ % p Duksan Reagents (Ansan, Korea) °
(9) Phenol:chloroform > F£% p VWR chemicals (Radnor, PA, USA) -
(10) Potassium chloride > F£ % p J.T. Baker (Phillipsburg, NJ, USA) -
(11) Potassium phosphate monobasic > FE§ p -k % 2 1 ¥ k5% ¢ 4+
(Osaka, Japan) °
(12) Sodium acetate (anhydrous) > B3 g Merck (Cork, Ireland) °
W
N-Butyryl-L-homoserine lactone (¥ & > 97 %) - N-hexanoyl-L-
homoserine lactone (& & >96 %) ~ N-(3-oxohexanoyl)-L-homoserine lactone
(% B > 98 %) ~ N-(3-oxooctanoyl)-L-homoserine lactone (& & > 97 %) ~
2(5H)-furanone (¥ & 98 %) £ (Z-)-4-bromo-5-(bromomethylene)-2(5H)-
furanone (¥ & = 97 %) > BL¥ p Sigma-Aldrich (St. Louis, MO, USA) o
LARERMEEEER e
(1) 1kbDNA ladder ~ 100 bp DNA ladder ¥2 RNaseout * f£% p Bioman
Scientific Co., Ltd. (New Taipei, Taiwan) °
(2) 10mM dNTPmix » p£§ p Invitrogen (Carlsbad, CA, USA) °
(3) 5x Phusion GC buffer ~ 10X DreamTaq buffer ~ 10X DreamTaq green
buffer ~ DreamTaq DNA polymerase ~ 50 mM EDTA -~ 10X reaction buffer
with MgCl, for DNase I ~ DNase I ~ RNA Gel Loading Dye (2X) ~ 10 mM

dNTP mix ~ random hexamer ¥ water (nuclease-free) > F=§ p Thermo
21
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Fisher Scientific (San Jose, CA, USA) -

(4) 5X first strand buffer ~ 100 mM DTT £ SMART ® MMLV Reverse
Transcriptase > P % p TaKaRa Bio Inc. (San Jose, CA, USA) o

(5) Agarose> p-p Cambrex Bio Science Rockland (Thomaston, GA, USA) »

(6) Bacterial lysis buffer + lysozyme - GENEzol™ Tri RNA Pure kit -
Genephlow Gel/PCR kit ¥ Presto mini plasmid kit > % p  Geneaid
Biotech (New Taipei, Taiwan) °

(7) Diethyl pyrocarbonate ~ ethidium bromide > F£§ p Sigma-Aldrich (St.
Louis, MO, USA) -

(8) KAPA SYBR® FAST qPCR Kit Master Mix (2X) Universal > F£ % p U-
Vision biotech (Taipei, Taiwan) °

(9) Phusion ®High-fidelity DNA polymerase ~ T4 DNA ligase £ 10X
Buffer for T4 DNA ligase with 10 mM ATP > p£ % p New England
Biolabs (Ipswich, MA, USA) -

(10) RNase > p§ p Bioshop Canada (Burlington, VT, USA)

(11) TAE buffer > F£% p UniRegion Bio-Tech (Hsinchu, Taiwan) °

BN REIEE- LS

1.

2.

3.

B AR

B %8 pKl18 mobsacB (Schiferetal., 1994) » # 7 ¥ kanamycin £ fui
GV FERE AT 0 1A F &% 3 (counter-selectable marker) sacB
AF (e Do 2 BARZ LR FRECT k22 XFTHRZ -
51+ (Primer) 7%

AL ONREL QS AT et 2 A TR 2 515 S e 2.

L2 2 R
22
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EcoRI-HF ~ BamHI-HF £ rCutSmart™ buffer > F£§ p New England

Biolabs (Ipswich, MA, USA) -

- N BERRR B EAERR Y
1. BHL /&% (stock solution)
=2~ 40mgBHL # % > 4 » 150 puL dimethyl sulfoxide (DMSO) 4
% 850 puL i %% KIS > el & 4000 ppm (23.37 mM) 2. Rk o 14
0.22 um g ¥y 0 3t -30°C REF A * o
2. 2(SH)-+ v it it
B~ 56.8 uL2(5H)-*%rm fit > 4 » 100 uL DMSO 12 2 440 pul % 7% %
KRS > BB ERETFEE ImLe fefl s 800 mM 2 Rk o 1Y
0.22 um Jg ¥y 0 ¥t -30°C @kEE G R oo
3. (Z-)-4-bromo-5-(bromomethylene)-2(5H)-furanone (f#§ & C-30) A& iz
F2B~ 1.2mgC-30 # % > 4r » 100 uLDMSO 122 900 uL i %% -k
53 > gl 4800 UM 2- Rk o 12 0.22 um JptEiE g 0 3t -30 °C
(RER
4, T t#css & AL (Plate count agar, PCA)
F#P~ 0.75 g glucose ~ 1.5 gtryptone ~ 1.5 g yeast extract £ 4.5 gagar >
deor 300 mL e R R IEIEIE S 0 3 121°C TR 20 A4 i 3B
Ar? o ¥R EREZ G EBEL PCAF‘*’E#%??JWE;‘%&% 20 % (W/v) o
5. B FArk BB AR (Lysogeny broth, LB) 273 A f # 3 % & (lysogeny broth
agar, LB agar)
F#P~ 2.5 gyeastextract ~ 5.0 g tryptone ~ 5.0 g sodium chloride (LB agar
PZE ¢ 4e ~ 1.5% ehagar) > 4 > 500 mL i % kI3 5 3 121

°C TiRE 20 A4 %% ¥ (LBagar RIE » 32 %w ¥ )e & 3 &pey
23
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7 14 27 LB & LB agar p¥ > ampicillin ¥ JE& 3 100 pg/mL ;
kanamycin # k& % 50 pg/mL o
L1V % & F-v 3 %% (Tryptic soy broth, TSB)
F=B~ 9.0 g tryptic soy broth powder > 4v » 300 mL 3% /% 35 -k #4232
3 >3 121°C F = prf] 20 & 48 0 AR * o
# % # (78 % & (Swarming agar plate)
AT R AR HFREALE N TSB A A# (Fo> 2% 4 4-
) e AR F A cmPET R 2 M9 L A#HZ 244 (- 2% 2
4-2) e R R e WA AR D-FEBREAS IM Rk LR
W5 50mM Fik oA F ¥ 0.22 um g iR o
1 TSB 5 AA# 2 3 % henpe®l> 5% 04%agarTSB *t 121°C *

120 A4 0 B 50°C 4P 10 A 4BFH R R T T (FEIRE X

ET

A A A2 RRARFFERN) > £ REL 41 200 bl L7 %
fe ~ BHL & 2(SH)-s%va ik Juie o GdF 5835 & A0 p o S andlie vt i
v 0.13mL 2 I1MD-FF Rkt MY 5 A#2Z R Lapt > i
# 188 % M9 % 0.67 % agar 3 & 4> 121 °C T @ 20 ~ 480 ¥
50°C 47 10 ~4aFHFRTH > L ikBREi 42 2 Bk 7 v i 0.22
um g EiEe2 0.1 MMgSOs ~ D-§ § #% ~ L-# % % ~ BHL & 2(5H)-*%
vk ik o REHEF S Y EF] 04%agar TR A LB 8mL 1
»EJL SS5em iR CWELFFARESEE ERDE S FHE
Rohil FERF | PP RAREIRE AL o
0.1 % % & % %% (Crystal violet solution)

A F- 1.0000g S % R TR F o 4o r 1000mL = -k 04
EIERA - X 13753 > @LE G FERY H 0L 045 um B R

FAfh T 4 @73 7% (Phosphate buffer saline, PBS)
24
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#=2~ 0.2 g disodium hydrogen phosphate ~ 0.2 g potassium chloride ~1.15
g potassium phosphate monobasic £? 8.01 g sodium chloride * ¥ if & % /% i%

KIS F L F L 1000mL > > 121°C TR 20 A4 0 Bt oo

25
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% 41~ TSB 2 AAd#z 2o BB AAeS

Table 4-1. TSB-based swarming agar plate

Groups
Control  L-Malic acid BHL 2(5H)-furanone
L-Malic acid - 5 - - - - - -
Target concentration in medium
BHL - - 0.234 0.467 0.701 - - -
(mM)
2(5H)-furanone - - - - - 16 24 32
0.4 % agar TSB 26 23.4 25.74 2548 25.22 2548 2522 24.96
Stock solution addition volume 50 mM L-malic acid - 2.6 - - - - - -
(mL) 23.37 mM BHL - - 026 0.52 0.78 - - -
800 mM 2(5H)-furanone - - - - - 0.52 0.78 1.04
Total volume (mL) 26
26

doi:10.6342/NTU202402835



Fo 4210 M9 FAHz Ao B AR AR ED

Table 4-2. M9-based swarming agar plate

Groups
Glucose Glucose + Glucose + Glucose +
L-malic acid BHL 2(5H)-furanone
D-Glucose 5 5 5 5
Target concentration in L-Malic acid - 5 - -
medium (mM) BHL - - 0.701 -
2(5H)-furanone - - - 32
1.88 % M9, 0.67 % agar 15.6 15.6 15.6 15.6
1000 mM D-glucose 0.13 0.13 0.13 0.13
50 mM L-malic acid - 2.6 - -
Stock solution addition
volume (mL) 23.37 mM BHL - - 0.78 -
800 mM 2(5H)-furanone - - - 1.040
Sterile water 10.27 7.67 9.49 9.23
0.1 M MgSO4 0.052 0.052 0.052 0.052
Total volume (mL) 26
27
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b

Iy

o RERA L E KW

RELKRAE

1.

10.

11.

12.

13.

4 °C 7k (refrigerator) » KCCO2 » TSK ; -30 °C 4 /& 1% (biomedical
freezer) » MDF-U537 ; -80 °C /4 /% #& (ultra low temperature freezer) » MDF-
US4V > w R p =2 F 7487 12 7 (Osaka, Japan) o

ELISA reader > Synergy HT » P % p Biotek (Winooski, VT, USA) -
Microplate reader * Epoch 2 Gen 6 » f£§ p Biotek (Winooski, VT, USA) o
Polymerase Chain Reaction (PCR) & & #7#] % (PCR thermal cycler) * My
Cycle™ » % p BIO-RAD (Hercules, CA, USA) ©

StepOnePlus™ T pk B £ fx i 4% F Jis % (RT-PCR system) ' B£F f Applied
Biosystems (Waltham, MA, USA) -

& %k R 3 (spectrophotometer) © Biomate 3S 5 fic & 4 % £ & 3+ > Thermo-
NanoDrop 1000 » ¥ P % p Thermo Fisher Scientific (San Jose, CA, USA) °
v T EIE R (hotplate stirrer) © HTS-1003 » B § p LMS (Leuven,
Belgium) °

> p # F s 47 ik > Synbiosis ProtoCOL3 > P E p Synoptics Ltd.
(Cambridge, England) -

$# % % (fume hood) > HF-1500 > p&£% p Hi Point (Kaohsiung, Taiwan) °

% B F % (autoclave) » TM-328 » pEE p A PP R F 7 "L 2 & (Taipei,
Taiwan)

128 ¥ % 48 (incubator) » LE-519 ; & ¥ # % 44 (orbital shaker) » TS-
400P/F/T > # PL% p #3857 ¥ 73 T2 @ (Taipei, Taiwan) ©

{28 Y%k H (heating circulating water bath) » D-606 > F£§ o 2 & R F 7
*T2> & (New Taipei, Taiwan) o

45 (oven) > UL40 > p£F p Memmert (Biichenbach, Germany) °
28
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

& F A3 8 (centrifuge) ° Model 5804 » P % p  Eppendorf (Hamburg,
Germany) - % i# .« 8 (high speed centrifuge) > Legend Micro 17 > FE§ g
Thermo Fisher Scientific (San Jose, CA, USA) - % »c 3t < # (high-
performance centrifuge) » Avanti J-26 XP > F£% p Beckman Coulter (Brea,
CA, USA) -

A2 k@2 8 (ultra-pure water system) » PPII-15UV » ¢  ELGA Lab Water

(High Wycombe, UK) #]i% -

#£ F)# 17 & (laminar flow) » Model 4T » f£§ p %% &K %5 T2 & (Taipei,
Taiwan) °
T =+ % T (balance) > Adventurer ARB120 > # % & 0.01g> FF p Ohaus

(Pine Brook, NJ, USA) - 4 47 % L (precision balance) > ERI80A » # % &
0.1mg > % p A&D Scientech (Tokyo, Japan) °

T 7 H (electrophoresis system) > Mini-PROTEAN > p£§ p BIO-RAD
(Hercules, CA, USA) - Mupid-2plus > F£% p ADVANCE (Tokyo, Japan) °

oM ER k% (UVimage system) > DGIS-80 % i DigiGel (CA, USA)-
Ac3 T % 34 ik (electroporator) » MicroPulser™ Electroporator> B % f  BIO-
RAD (Hercules, CA, USA) o

/R k55 (rotary evaporator) Rotavapor R-3; £ = §Tif (vacuum pump)>
V-700 ; E % ¥ #] ® (controller) » V-850 > ¥ B % A Buchi (Flawil,
Switzerland) °

42 % 2% ik 40 & ¥7 & (ultra-high performance liquid chromatograph) -

Nexera ; f 3% & (mass spectrometer) » liquid chromatograph triple quadrupole
mass spectrometer LCMS-8045 » % ¢ Shimadzu (Kyoto, Japan) % o

R 47§ +1 > Packed column 5Ci5-AR-11 (4.6 ID x 250 mm) > ¢ Nacalai Tesque

(Kyoto, Japan) @i -
29
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24, &4 R (microplate shaker) MixMate F-% p  Eppendorf(Hamburg,
Germany) °
25. B 4% (vortex) » MS-P2626 » MS-NOR + B-§ f sl i>F 522 7

(Taoyuan, Taiwan)

-~ ERAETH

1. & 3 4 %+ & it % : SnapGene (https://www.snapgene.com/) ° #% & p
Dotmatics (Boston, MA, USA) -

2. PRAFLRE Z|v Had8 - MEGA 11.0.13 (https://www.megasoftware.net/) » #&
& p  Pennsylvania State University (State College, PA, USA) °

3. B 7| % gk : Boxshade 3.21 (http://www.vifabio.de/en/iqfBio/detail/386) >
¥ = p  Swiss Institute of Bioinformatics (Switzerland) °

4. % A K B OF ¥ &k F B ¢ ® # 4 : LabSolutions
(https://www.shimadzu.com.tw/products/software-informatics/index.html) > #
= p Shimadzu (Kyoto, Japan) o

5. # ¥ L Fa iy i) : SPSS Statistics 22
(https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-22) » #
# p International Business Machines Corporation (Armonk, NY, USA) °

6. % Bl %8 - Paintnet 5.0.12. (https://www.getpaint.net/index.html) » 3% i p

dotPDN LLC (Seattle, WA, USA) -

30
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FzE TR
__.\"E_:]_* g\)”%}w%&ﬁ.;l“‘
AFHREAD AR F ALY Pvagans M17 » R-FiRik & 2355k 5

w

BrA PG P (4 0 £%) 2 PacBio SMRTbellTM HjiFig 7 2
AT TS ~ B2 I o AT EP L Pantoea vagans LTMG24199 sk 7]
8 5 7| (GenBank ID.CP038853.1) # %% A %l (reference genome) (%45 =. >
2022) - 199% P vagans M17 2 & F1Z A F# > Ao e BREFEY F b
(polymerase chain reaction, PCR) it Fth® QS A% pagl (luxI F i 47) &
pagR (luxR F 5 4) ez b (222 > 2023)° 5 7 f& P vagans M17 2. Pagl
% PagR- & H @ e ki cpinid s 2P 7 ek &2 BB RE FHIFTI P o
(National Center for Biotechnology Information, NCBI) 7 GenBank F ! E ?
(https://www.ncbi.nlm.nih.gov/genbank/) » & 5 % 4585 (accession number) i
B kP (2 BB Pantoeaspp. = B >t Pseudomonas spp.) > 1% B 7|
¥ ac R MEGA 11.0.13 # i unweighted pair group method with arithmetic
mean (UPGMA) B2 2 > £ 4B A EFT F £ 57 o W Hisen
L% B A7) R 48 Boxshade 3.21 %%l - £ %12 MEGA_11.0.13 2= =
B M Uit FFd pdistance 3 E A Al B - I r0 i &R R
(evolutionary distances) ; ¥ 34 7 — -+ =x p A € 4534 $7% (bootstrap test) » 11 3=

oMM Y & B~ L &8 (node) ¢h¥ & B (Huson etal., 2010) -

S AREHE BRI
L fmfRE
(1) AFFTHEPERE
2 JE® P vagans M17 2. QS A %] pagR ¥ pagl w1+ 581 °

PR RSB O GEATIEA TR KA AAEL AT ST A
31
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Zlene 2513 % ("if4kx 2) f pagR up F ¥ pagR up R ; pagR dn F
22 pagR dn R ; pagl up F ¥  pagl up R3 ; pagl dn F £
pagl dn R o 12 P vagans M17 # F]% DNA (genomic DNA, gDNA)
SHP o JI* PCR A B#FH = £ 550 & 750 & 25 %F (base-pair,
bp) 5 o FEHEM T AR B L R &30 L spincolumn it
PCR A% -

ERFABRED ATFHE T HERIRSEK 1L pagR 5 b0 d
K33 P oopagR up R 9 57 = B 7] pagR dn F 34 » 7 1)
LY - 2 B HBH D DAY (T pagR ik ST ER
F) MipRE R HR & > TV T A o 1% 313 pagR up F &2
pagR_dn R 12 & fput @ PCR (overlap extension PCR) g & + ~ & %%
BE E 1236bp A Y o ¥ — B AT pagl ARk n AR T B
B 1348 bp ht - TV ERE A c BERBTAFGLY K
£ R &% f1* spincolumn it PCR A4 o

(2) #& > #AleLh

SEFEETH AW ;‘5—?%& pK18 mobsacB £} ~ T 5P £
fE A 0 1 "TH|fE 2% EcoRI £ BamHI ** 37°C & Jgig & o I *
spin column i F i i Ml P R G g b A S o B R R G
vector ~ f& £ A 4 ¥ 5 insert » ™ vector:insert=1:10 (w/w) 2 +* ]
R L33 > 4~ T4DNAligase 43 25°C F g | i 78 4
F J& (ligation) » 3% & & $ %164 &% (heat shock) #& %) 3 #% iz fm e
E. coli DH5a * 3% » ¥ #-pF/% % % 1 7 7 kanamycin ¢ LB agar
3 37°C BARREFHE o S5 4 L nEFd 1313 $ MI3 (F)
27 pagR up F(pagl & * 513 %5 MI3(F) £ pagl up F)> %%’E’

7% PCR (colony PCR) fEiesff h2 R F B~ | A F B &3 -
32

doi:10.6342/NTU202402835



Bois @ % 'UH|fEE EcoRI #2 BamHI %= 548 » L = fEsa v o4 )

BREC TT Ad AR LML P RERGF AP RELS o

FALE A FIRIE
AR R AT ST PR LT LR 2 %
KR T (R4S 02021 FlEF > 2022)  SRARACRHER 3 4TT o
(1) RF5i‘%Ewmez QUf
#- P vagans M17 2 30°C ~75pm ** SmLTSB £ % I§ & °
12 1:100 &t B #-FiR 40 » 77 0 TSB o #1835 % 1 ODeoo nm i
0.8 % 1.0 8 Ay 3okt 817 o BFR> 4°C hfri 2]
o0 1200 X g dee 10 A4 3k FpiRds o B 25mL @ ok
FARA 2 E 10% 4R T R R o e b
Po 10mL o b Bk s g B g L o S HBEAFS S o L gD

FiRE O RAMBEI TRV ART AN D 10% Hib P o BFRUE

FoS0pL AR F Y o R F AR A0 WAL REF
BOALA o 3 -80°C # * > T AT w2 WY o
(2) =7
-

£35S0 uL 25w T E oo B R Tk FdEE 0 Ao

a8 (1 pL, = 300 ng/ul) R £355 >3 » 230k F IR 2 B T
T35 F (gapsize2mm) o R PR ITE D RN o MR Sp e
AT TIVR L 25kV TREFY S EHTE T HE R TR
Wk b A gr s diE 4 950 uLTSB Peif 2 B o w3 0 5 F B B0
Flie P~ 3 R g g o 02 30°C~T75pm 3 & - o PRIZAR R o 4

iy i A z kanamycin 2. PCA 3 % (30 °C)

=

RAEFHE Wik X TR A H P aEE 2 £
33
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3) FiREE

#-F B FRE ~ P ovagans M17 1t > B3+ F %ﬁﬁ X ERE e
(homologous recombination) = = #& &3 (markerless) 2 #k F]H#] “,f
(e 3) FHEE » e (7 % - X FIRE & > ¢ )2 kanamycin
Ao B A A L EE o £ ok * 4 pKI18 mobsacB ¥ F
w 13 %3¢ (counter-selectable marker) sacB # %] » H £ I R % 4%
B #EfF (levansucrase) > it 39 A AR BT &3 A F BN S BREF
levanse § levans A E RIS wpF S TRV R B Y 2P
%‘fﬁ-%]g m ¥t ﬁf& =4 5R&4 (Lietal,2013; Pelicic etal., 1996) - I

B EE B E R (20 %) KAk PCA > B8 T

a“-n
:\-,

o AR REEMENT G sacB AT TR > 2053

A

f3E o 3 F "1 kanamycin £ {7 % = iE 0 L AL EE £ S

—

AR FTR P B0 ¥ kanamycin 7 B ffd o

A X RE RS wEAATLT R EHA A (wildtype) r &
Bl A 7R %3] (mutant)> 72 31+ % pagR up F ¥ pagR dn R
(pagl i€ * 31+ % 5 pagl up F £ pagl dn R) - 4 F& PCR

FESRPRA L BB A ] o I T E R AR A FIOR R AR

Z o OEH AR ET

1.

LTk

#- P vagans M17 12 30 °C ~75 rpm ** 25 mL TSB # % g & » 14
1:10 et G- 4 » AT e TSB #N32 & o 2P R F L8N B
l 22 ERFHDEHDERE -T2 HREAHBERREE 0424 5
1P A2 Ead- ~ i) ~ 2 R RFhed LRFHE

e BIFE o BB AR L SER 12 10000 X g 3T 4°C dre
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20 A4 BoAt R > L EMAE (250mL) 2 ¢ e fig i TRk B
BEAK R B AR RESLII SRS RRERLABIEEY
ZE e EEFBHA 4°C i o BFEAFTHE L S00pL T R R 30

0.22 um ki i ©

AR R AT ¢ B R & (HPLC-ESI-MS/MS) 4 {7 if 2

i * g4 % Packed column 5Cis-AR-II (4.6ID X 250 mm) > ¥ +Lif &
40°C - $ddp A 272 01% " peevk3% B 2% 0.1% 7 peene o
Bk FRMA S SpuloiniE i 0.5mL/mine R L = £ 2 4R (triple

quadrupole) o # #=4p " F H R 2 F A 47 0E 4o ror o

HE g A

Mobile phase percentage (%)

Time (minutes)

A B
0 97 3
70 60 40
80 0 100
85 0 100
86 97 3
90 97 3
T AR
Parameter Description
Mode Positive
Collision energy 11v
Dwell time 100 msec
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T~ FRE A AT
95 e 4 24k 50 DMSO P &% kR <06 % P50 ¥ P
vagans M17 02 £ R ¢ 3~ F LR - 23 _/’]‘ﬁ BHL & 2(5H)-r%
mft R I RSB AR BELAF Y4 DMSO ¥ kR & 0.6%
M (R 4-3) 0 gtk DMSO $t F e
1. 2 Ed:
# Pvagans M17 12 30°C~75rpm ** 4.5mLTSB 3 % I§ & » if] 2
# ODeoonm > 3+ & #7F FiR A & 4 » 378 0 SmLTSB > # # 2 ODeoo

am=03> ¥R 15 ] pFe £ LRI TFR ODeoonm I3+ 3 47

E
?ﬂﬁ'-

pn

o ot dp bR o e R AT S I mLTSB w3 0 R R
{454 43 e r REfEchE ® TSB Wi o £ 7 4 A W ARA 7 BHL 254
ik AR BK ﬁ?n"i’%}i a4F & ODsoonm=0.1>8#F ¥ 5 ImL- %
fewB 200 pL Ak 4o~ & H2 96 344 > 2t~ Microplate reader p 12
30°C ~ 180cpm 3% % 25 -] ¥ > i Bl 2 ODgoonm BLZF & 2 FRE £ IT

o g HPRE S KB FD TSB

PSR E L E TR A PR ¥ Pvagans M1T 11 30°C~ 75
rpm ** 45mLTSB 3 % fi & 2 Bl T H ODeoonm > 3+ 8 #7 % FiR A T 4
»#5#5 SmLTSB > # A1 ODgoonm =03 > #8124 15 | pF o £ =
BT F® ODgoonm T35 7% FR A > o 3 “,’f.i oo pdleE
BFE S 1 mLTSB w3 § 4 %219 4 43 4o r Argienif £ TSB
5 iR A R A BHL Rt hidn it b K EFRER T A b
OD6oonm =0.1 > §84F % = 1mL -

g lewB 130ul Bkt » B 96 340 3t 30°C #ERE 24
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PR R TR R R o 20 HRE S AdEFT TSB o Bkt iR P
iR I ATR ) 96 JL g R EE RE BT 1000rpm RF 1 A4
12 ELISA reader ] @_ ODegoo nm M BLERFSMA F2 L F7 0 £ 38k
ERE O ER SR F KA 100 (2% G PCAS 2 30°C B &R R
Gy e B F G R BRNE Bt Y 4o 200 uLPBS ik kA
EEenim A o #- 96 IV 4 iR 2T 50 °C Mk 15 AR IV F T H
AP FrEI A0 150 uL ¢ @2 0.1 % S iRk o Wk

B Loy
EB#}"

E S a4 ATl

nn—
ﬁh—

LG R R B o

B e o
BB f %

ﬂ)i

L 0 st E ab e h 400Ul T =Kk SRR R AT FES X

‘J\Y:

Bz HBERTEP RS oM 96 - & @ E 2 50°C ek 15 A
4 0 FrE 34 200 UL 33 % FEfEd R 0 2T 1000pm RF 1 A4

i ﬁF’ﬁ&’F’ ﬁ* PBB#:‘?&”Q /*“Aﬁ ﬁ’»fbl?JKODS%nm ™ ii%y§j°

oo F 7 2

#- P vagans M17 12 30°C ~75rpm ** 4.5mLTSB 3 % I§ & » B 2
# ODgoonm > 3+ 8 #7 % FiR A & 40 » 378 0 SmLTSB > 3 £ 1 ODsoo
=03 8% % 1.5 ] pF o & =R 2 E® ODeoonm I35 1% Hive 48
fogpe T dog PR 0 ImL g kv g # B K FRER S ODeoomm
=03 Hfi 5 ImL-BF7R%F P €AHERUL0# TR A iEd
BBREZEE-RoFASTREARATN 50°C B¢ 10 AEFHE
BT, BB 8mL /A »E /& 55cm st e o FERE 1 ) EFL
B 15Ul FREBEHE A RF G Nl P L o FERICES 0 T E
30°C #58% 24 [ PF-N2pBRGAFTRIPBIERTHEE B
Rf 7o 470 £ 1% 3 Bl#ckE Paintnet 5.0.12.0 & %] BliE FHRA 76 ff

CEES SR —-FI!Z AP x% fs 11 % & #% 77 & ¢ (percentage of plate
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swarmed) # 77 FjHRE G A a0 4 o

FHRA 7 o ff
Percentage of plate swarmed = X 100

BA ARG

CAFERRE AT
1. 313 »xF s - Mm
ARG * N EER & fFd 4 & i (real-time polymerase chain reaction,
RT-PCR) 2 313 éhak 2 B8 & 5 © - ~ 313 ER A% 18 1 20 44k o

Z ~ %3 1Y R (melting temperature, Tm) % 55 & 58 °C 2. o = ~ GC

ek

FEEAE S0 E 0% cw ~WAe Bt PREKBAGFIIR S RIFF
foFRet e T ~ @ AE % (haipin) 1 - B (dimer) A2 R0 H
RT-PCR #xig e+ 3 o 4440975 A 4708 F] (£ 4-4) T332 7 R 5l3+
¥ # NCBI FH#E ¢ 7 P vagans LMG 24199 (NCBI Taxonomy ID
470934) A FIR SR T AR FEFAPOOREEF FF TR RR (R
4-5)e 8 0 bssSI> AR Sk E AT L yeePl Fird 2 (3 £52023)
AFTF ARTILT S BE > B% K Fle oy bssSI fErt L -~ BRI RR 7|
B %Y Fk Pvagans LMG 24199 v # > B %8125 100% - RE2
B &fi bssSe = » @fgkiﬁ A g A fﬁkﬂg;ﬁ& B R A
P4 = FlptaEikec*  bssS (regulator of biofilm through signal secretion)
P~ % yceP (Domka etal., 2006) o gz 2 F7 3 ¥ 11 bssSI Frd i A F o gt oh
G4t bssSI 2. 247 AL TR P 2LGIFRAEAREY -R (22 E
2023) (% 4-5)

BEFmy Foek ek - o PCR ek (efficiency) % & 5 -
# PCR Pash® A AP TR ot g R I HREP A THEARA

B @k ? > 3l T HHPRF RS RT > 90 % (Svec et al,
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2015) o A7 3 12 P vagans M17 gDNA i ficir » ® iR 8 0 02505 5]
S kg o gDNA ER 5 10 ng/ul > £ 5 71 5 1+ 0.1+ 001
ng/uL > 72 RT-PCR 4 47 - fre @8 & ;% (mastermix)’ ¢ 7 10puM =m &
jl+ 2 E 5513 % 0.2 ul ~ 10 uL KAPA SYBR® FAST gqPCR Kit Master
Mix (2X) Universal ¥ 4.6 uL & ¥ pape-k o s it o Bk & 9 gDNA 3
oo B SUL BiR £ %393 8 & < 9]7 StepOnePlus™ ¢ RT-PCR %
®iE(T 40 BHEFRF o 31 F RS (annealing) EARK TG 60 °Ce &
e 957 1¥ IR R @ (threshold cycle, Ct) > 4§ | Ct 220k & $Hiicie
SHT TR REIRE A S (slope) 2 IR ko dTdp 00 T o N B
Efficiency (%) = (10~(/s1op®) _ 1) x 100
B0t gd it S (melting curve) % T H B2 PCR A 47 ¢ Tm o F&

F'ugl—-)-,%— 1 o

Rerfe kB A FILRE & 47
¥ P vagans M17 12 30°C~75rpm ** 45mLTSB 3 % [f & > B T

H ODeoonm * 3% % “TF F/R MM T 4e » A7# 0 SmLTSB > A A 2 ODeoo

Au

nm:O.3 ’ Q%T‘L‘ i% % 15 ’J‘ FE ° -P]- )K/Plj i?]/]i OD6()0nm Ji;::\ ﬁE'-r MT@ F](p? %ﬁ

fidpe LA gL il

\rmL

B g TSB w03 5 F 5k B4 » 57
#ehig £ TSB w3 ’71;,9]:4\: BHL # 2(SH)-w%wafib i3 it > € ot ik

fdF & ODeoonm=0.1° 6 2% 0 JEE?—‘IS‘ C FRHAE S 10mL
THAE 26 & )R B MAR T 5 8mLe B IS ehER & 30
°C~75rpm & B & 0~226 & 24 @ (& WIHEHEL L4 - Hid
oA ERFHDH LA L BFY e BIEE) B LFR ODeonm T T
% 10°CFU - g 5 f Fro MR FEER S L e 2

“,%._ i o BRFARLRT Y -80°C - e x 2 FRFEDR SR

doi:10.6342/NTU202402835



- HEP RNA» AR EFZ L4 35% ©
i# * GENEzol™ Tri RNA Pure kit 3 B~ 5 total RNA > RNA et
VIR Ak KRR 2k B 0 B OD260 nm/OD2gonm A1 3¢ 1.8 1
2.0 > OD260 nm/OD230nm #3iT 2.0 - B~ 2000 ng RNA 4r » DNasel 173 ‘,f
7 % 0 DNA > £ 4r » 50mM EDTA % ¢ DNasel i£#% o B~ 1000 ng
RNA “r » 2§84 ¢ 2x RNA loading dye » J& » £ MM % A & RNA
ez B FEEh 23S TRNA £ 16S rRNA 54 % = 85 & ("iték 6) »
¥ % RNA 2 SMART ® MMLV Reverse Transcriptase & & 45 5
3 4 DNA (complementary DNA,cDNA) » ™ RT-PCR A~ 47 &7 § RIk
FlE p AT ARE o BB G Fe iR &% 0 % cDNA kR B
L Sng/pul o B~ SuL SR AR R E o {1 Bk BEE Lt R
Moo kR & g Ct it (» fL5 20%C 32) Rp AT H A
3. (relative expression) » ¢ gk #] (housekeeping gene) = gyrBI > i &
& (calibrator sample) % % TSB *# ## &% 0 | FF e & (Livak &
Schmittgen, 2001) o ™2 F 7] 2> 582+ 5 AACt:
ACt = Ct (target gene) — Ct (housekeeping gene)
AACt = ACt (sample) — A Ct (calibrator sample)

Bors LG 20 ERpRATIAT FREY Sl EARE
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% 4-3~DMSO ~ BHL ~ 2(SH)-r4 s it #2 C-30 2 i 4o v* B

Table 4-3. Addition ratio of DMSO, BHL, 2(5H)-furanone, and C-30 to bacterial culture

Concentration of DMSO in bacterial culture (%) 0.1 0.15 0.2 0.4 0.5 0.6 0.8 1.0
DMSO concentration (%) 10 15 20 40 50 60 80 100
DMSO addition volume (uL) 10 10 10 10 10 10 10 10
TSB addition volume (puL) 990 990 990 990 990 990 990 990
Concentration of BHL in bacterial culture (ppm) 40 60 80 100 120 140 - -
BHL stock solution (4000 ppm) addition volume (uL) 10 15 20 25 30 35 - -
TSB addition volume (uL) 990 985 980 975 970 965 - -
Correspondent DM SO concentration in bacterial culture (%) 0.15 0.225 0.3 0.375 0.45 0.525 - -
Concentration of 2(5H)-furanone in bacterial culture (mM) 8 16 24 32 40 - - -
2(5H)-furanone stock solution (800 mM) addition volume (uL) 10 20 30 40 50 - - -
TSB addition volume (uL) 990 980 970 960 950 - - -
Correspondent DM SO concentration in bacterial culture (%) 0.1 0.2 0.3 0.4 0.5 - - -
Concentration of C-30 in bacterial culture (uM) 0.5 1 2 3 6 12 24 48
C-30 solution concentration (uWM) 50 100 200 300 600 1200 2400 4800
C-30 solution addition volume (uL) 10 10 10 10 10 10 10 10
TSB addition volume (uL) 990 990 990 990 990 990 990 990
Correspondent DMSO concentration in bacterial culture (%) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
41

doi:10.6342/NTU202402835



Lo4d AP T o TER AL B2 AT 4

Table 4-4. List of genes used for RT-PCR in this study

Genes Protein names Functions References
gyrBl DNA gyrase subunit B Affect DNA topological changes Brady et al., 2008; Huang, 1996
pagl  AHLs synthase Pagl AHLSs biosynthesis Chalupowicz et al., 2008; Smits et
pagR  Transcriptional activator PagR AHLs binding and transcription activation al., 2010

bssS1 Biofilm regulator BssS Involvement of biofilm formation Domka et al., 2006

fliC2  Flagellin Flagellin domain protein Herrera et al., 2008

hcpl  hemolysin co-regulated protein, Hcp Inner tube component and secreted effectors of T6SS ~ Shyntum et al., 2015; Smits et al.,
clpVl T6SS ATPase ClpV Disassembly and recycling of the contracted sheath 2011
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Table 4-5. Primers used for RT-PCR in this study

Primer sequences (5’ to 3) ' Tm Gene  Primer = Amplicon
Genes Species °C) length  binding size
Forward Reverse (bp) site 2 (bp)
P vagans M17 GTGCGCGATTTCGAGTATGA CCATCACGCTTGTCTTCCAG 5597/ +535 ~
gyrBI 2409 98
P vagansLMG24199 - -\ -\ ————— - 56.03 +632
P vagans M17 ATGCGGTGCACGATTCATAG GGGCATATCGGTAGGGAGAC 55.90/ +201 ~
pagl 639 100
P vagans LIMG24199 —— T ——————————— —— A 56.15 +300
P, vagans M17 CTGGATGCGTTCTTTGAGGA ACGGATAATGACGGGATCGA 5498/ +55 ~
pagR 693 159
P vagansLMG24199 - -\ -\ -\ — -\ ——————————— 55.40 +213
P vagans M17 ATGATGATCCGCCTGCACTC TCGAGATAAACTGCCTTGCC 57.31/ +79 ~
bssS1 255 109
P vagans LMG24199 —————————————————— 55.06 +187
P vagans M17 CTATATCCCGGCAGGCTCAA TCCTGCCAGATGTTTACCGT 56.05/ +603 ~
flic2 1527 103
P vagans LIMG 24199 ————————————————— — —— A--G———————- C—-G-———- 56.03 +705
P vagans M17 CAGTGACCTCTCTGTTGACG TCTTCTAACGTGATGCGAGC 55.00/ +159 ~
hepl 483 150
P agglomerans AR5 ——A—————— T—-— - C===== 55.20 +308
P vagans M17 TGACTCAGGACATCGTTGCT AGCGAGGCGTAAACCCAT 56.08/ +200 ~
clpVl 2610 115
P.vagans LMG 24199 ——————————————————— C ————- A-—-A————————— 56.30 +314

! Results shaded in gray represent pairwise comparison results of primers sequences to P. vagans LMG 24199 or P. agglomerans ARS5.

2 The nucleotide at the transcription start site of each gene was designated as “+1”, and assigned the primer binding sites accordingly.
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FIF CRERREFEMH

% - & ~Pvagans M17 7 #HHE &0 FFL 2

B 5-1 %P > Pvagans M17 &0 Pagl 2 %2 PagR % 7| > &2k p Pantoea spp.
I BARIIEF RF - R Apiag AR A (residues) o & b FORAFL R 7 eh
2% 87 P vagans M17 ek 722 P vagans C9-1 3 100 % - R ; F4p 3t P
agglomerans YS19 ¢ P.agglomerans pv. gypsophilae 1 4 > 3 % 79% I 82
% - IR B2 P stewartii subsp. stewartii DC283 12 %2 P ananatis SK-1 +* #& >
- RMEE A 36% 3 43% (% 5-1~ 4% 52)c 48k = > ¥ P vagans M17 i 7
22k g Pseudomonas spp. 1 Las & Rhl s 3tz B 7t die » — R\ Apineng ARk
7 PR RS (B 5-1) 5 & 5-1 24 52 & BT P ovagans M17 ehi 3| &2
Rhl % %BE32. - RHEHE 22% & 31 % ¥ Las i ste— REA 18 % I
26 %- ;%E} Ve AR R S o A PE I Povagans M17 2 P.vagans C9-1 ¢ ¢ Luxl
2 LuxR F A BIIEF B RFT o

paedr Luxl 4 & 5 - B %= < f A 7| (Chalupowicz et al., 2008;
Parseketal,, 1997) » w7 7 dg I ftig A R O F e FHZER B> 304
AR ELE T A B Luxl 75 & XpFchrt i > R E L I AHLs JEA
< 3 &% ] (<5nM) (Hanzelka et al., 1997) - ﬂ}? 275 F Bt BETE
e ] % Az # A% (acyltransferase) % % (Zaghlool & Al-Khayyat, 2015) -
LuxR F 44 & 5 I %= R 7| (Chalupowicz et al., 2008; Whitehead et al., 2001) -

BRI i BT BRI AHLs 0% 8 R B2 B AL E SRR

% LuxR 2 AHLs 2;= 4 &4 2. {6 » 22 DNA % & eh% % (Shadel et al., 1990;
Zaghlool & Al-Khayyat, 2015) - j£ @8 5-1 % 3 > P.vagans M17 ¢ Pagl 1 % PagR
Bole 7 pave i T A i /7] 0 ¥ RO BB J| 8 e rER P ovagans

C9-1 ehR 7= 22— k>4 Pagl % PagR 5 3#3FF5 QS Aphk s B F-v
44

doi:10.6342/NTU202402835



B0 T FRF M o R SR ROE P - RS 2 G M AT o B
5-2 ¥} % dfitc (branch) £ @ & MM RiiT 0 F B A L S8 il
AL AFA R TSR R E A L BEF A 0 43 70 % K43 E
e L A ¥ e (Huson et al, 2010) - B 5-2 45 7 & Pantoea spp. &
Pseudomonas spp. B 7 2. ML B TR EGE  wAp R BB M (40 Pantoea spp.) P
* I FfER (4 P stewartii subsp. stewartii DC283 ¥ P. ananatis SK-1) i 5 5 %
FARR chA B o i e AAGNEFIRT BRE > R 2 FAKRORIIZFTRLEF R
- XM (4 P vagans M17 £ P.vagans C9-1) > & & % 3 Z R (4 P. agglomerans
YS19 £ P agglomerans pv. gypsophilae) - it _f - Ftk > 3 i QS [k 5L/ iv

2R 2T (4o P aeruginosaPAOL ® 1 rhl & 38 Jas 5 kb) o fem A 77 ot
¥+ Itk P agglomerans @ thih Luxl & LuxR A7) » R &% 5 p 2 12
(endophytic) ~ & # s & £ & M Te &k & #t F2RARE > G oM
(discrimination) » #* % Zif “iE42 ¢ B 7| E 3 R KT 4 457 1) AHLs i EURY
A wmEA L ARE Y D kS 2 32 £ & (Jiangetal, 2015) -

L a3 ¥ P ovagans M17 &7 > A Fl2 A pF > P E € &3 (contig) feiis ant
¥R %8 Pvagans C9-1 & 5 99% gl B (FR4%= » 2022) o 2 ¢k > P vagans
B RAR3L % BT Poagglomerans >t 2009 & il # RAF) gyrB Rk 7|0 A #
H4IA 54 k446 (Brady etal, 2009) » AT ¢ 5 & B HHend & 6 L TEY

R HRE AT QEL“ fo W ARG B TRt JqAP T pE e gt BV HH R

s f X FE P ovagans M17 ¥® c0 QS A F1 % pagl ¥ pagR °
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Bl 5-1~Luxl & LuxR F 42 5 £ R7D 4 (A) 27 FFRHRE Luxl 2 F7 - (B) 5 7 F ARF LuxR 2 Bt e 2
A A - REPFERAR o d 2 3 ARAPRE A L R IRAR o B S il E H R E AR Y o

Figure 5-1. Multiple sequence alignments of LuxI and LuxR homologue proteins. Sequences aligned were (A) LuxI and (B) LuxR homologue
proteins from P. vagans M17 and other Pantoea and Pseudomonas spp. Black and gray shading represent identical and similar amino acids,
respectively. Residues framed by red were conserved sequences. The topmost numbers correspond to the locations of the amino acid residues.
Sequence alignment was performed with MEGA 11.0.13 and presented with Boxshade 3.21. The sequences used in the alignments were
Pagl-1 (accession number ADI78211) or PagR-1 (accession number ADI78210) from Pantoea vagans C9-1, Pagl-2 (accession number
AIC38371) or PagR-2 (accession number AIC38370) from Pantoea agglomerans YS19, Pagl-3 (accession number ABO93631) or PagR-3
(accession number ABO93630) from Pantoea agglomerans pv. gypsophilae, Esal (accession number AAA82096) or EsaR (accession number
AAAB2097) from Pantoea stewartii subsp. stewartii DC283, Eanl (accession number BAF69064) or EanR (accession number BAF69065)
from Pantoea ananatis SK-1, Lasl-1 (accession number AAG04821) or LasR-1 (accession number AAG04819) from Pseudomonas
aeruginosa PAO1, RhlI (accession number AAG06864) or RhIR (accession number AAG06865) from Pseudomonas aeruginosa PAO1, and

Lasl-2 (accession number KWV78153) or LasR-2 (accession number KWV80327) from Pseudomonas fluorescens strain Ps_20.
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% 5-1 ~ P vagans M17 ¥ Pantoea spp. % Pseudomonas spp. 2. Luxl F & 3 = ¥t 2

Table 5-1. Pairwise identity of LuxI homologue proteins from P. vagans M17 and other Pantoea and Pseudomonas spp.

Amino acid sequence identity (%)

Protein M17 Pagl Pagl-1 Pagl-2 Pagl-3 Esal Eanl Lasl-1 RhlII
Pagl-1 100.00 - - - - - - -
Pagl-2 80.65 80.65 - - - - - -
Pagl-3 79.35 79.35 96.13 - - - - -
Esal 43.23 43.23 40.00 40.65 - - - -
Eanl 41.94 41.94 39.35 40.00 93.55 - - -
Lasl-1 18.71 18.71 24.52 25.81 22.58 23.23 - -
RhlI 22.58 22.58 23.23 23.87 24.52 25.16 29.68 -
Lasl-2 21.94 21.94 23.87 24.52 20.00 20.00 28.39 32.90

The sequence identity was calculated with MEGA 11.0.13. The sequences used in the identity calculation were Pagl-1 from P. vagans C9-1

(accession number ADI78211), Pagl-2 from P. agglomerans YS19 (accession number AIC38371), Pagl-3 from P. agglomerans pv.

gypsophilae (accession number ABO93631), Esal from P. stewartii subsp. stewartii DC283 (accession number AAA82096), Eanl from P.

ananatis SK-1 (accession number BAF69064), Lasl-1 from P. aeruginosa PAO1 (accession number AAG04821), Rhll from P. aeruginosa

PAO1 (accession number AAG06864), and Lasl-2 from P. fluorescens strain Ps_20 (accession number KWV78153).
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# 5-2 ~ P.vagans M17 ¥ Pantoea spp. % Pseudomonas spp. 2. LuxR & & $ = $1° fix

Table 5-2. Pairwise identity of LuxR homologue proteins from P. vagans M17 and other Pantoea and Pseudomonas spp.

Amino acid sequence identity (%)

Protein M17 PagR PagR-1 PagR-2 PagR-3 EsaR EanR LasR-1 RhIR
PagR-1 100.00 - - - - - - -
PagR-2 82.19 82.19 - - - - - -
PagR-3 81.28 81.28 98.17 - - - - -
EsaR 37.90 37.90 37.44 36.53 - - - -
EanR 36.99 36.99 36.53 36.07 96.35 - - -
LasR-1 26.94 26.94 26.03 26.03 27.85 27.85 - -
RhIR 31.05 31.05 28.31 28.31 24.66 24.66 30.59 -
LasR-2 23.74 23.74 24.20 24.66 24.20 24.66 28.77 27.85

The sequence identity was calculated with MEGA 11.0.13. The sequences used in the identity calculation were PagR-1 from P. vagans C9-

1 (accession number ADI78210), PagR-2 from P. agglomerans YS19 (accession number AIC38370), PagR-3 from P. agglomerans pv.

gypsophilae (accession number ABO93630), EsaR from P. stewartii subsp. stewartii DC283 (accession number AAA82097), EanR from P,

ananatis SK-1 (accession number BAF69065), LasR-1 from P. aeruginosa PAO1 (accession number AAG04819), RhIR from P. aeruginosa

PAO1 (accession number AAG06865), and LasR-2 from P. fluorescens strain Ps_20 (accession number KWVE80327).
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Figure 5-2. The phylogenetic trees of LuxI or LuxR homologue proteins. The phylogenetic trees were created based on (A) LuxI and (B)

LuxR homologue proteins from P. vagans M17 and other Pantoea and Pseudomonas spp. The evolutionary history was clustered utilizing
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the UPGMA method. The evolutionary distances were calculated utilizing the p-distance method with MEGA 11.0.13. Bar represents
sequence divergence. The bootstrap values, calculated from 1000 replicates, were displayed as percentages and shown next to the branches.
The sequences used in the alignments were Pagl-1 (accession number ADI78211) or PagR-1 (accession number ADI78210) from P. vagans
C9-1, Pagl-2 (accession number AIC38371) or PagR-2 (accession number AIC38370) from P. agglomerans YS19, Pagl-3 (accession number
ABQO93631) or PagR-3 (accession number ABO93630) from P. agglomerans pv. gypsophilae, Esal (accession number AAA82096) or EsaR
(accession number AAA82097) from P. stewartii subsp. stewartii DC283, Eanl (accession number BAF69064) or EanR (accession number
BAF69065) from P. ananatis SK-1, Lasl-1 (accession number AAG04821) or LasR-1 (accession number AAG04819) from P. aeruginosa
PAOI1, RhlI (accession number AAG06864) or RhIR (accession number AAG06865) from P. aeruginosa PAO1, and Lasl-2 (accession

number KWV78153) or LasR-2 (accession number KWV80327) from P. fluorescens strain Ps_20.
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b

Iy

& ~ Povagans M1T #HE A FIFI'F R R S
F AT ST HERRY B B TS

EEERHmOE - &° > ¢ g2 Pvagans M17 P i QS & F] pagl
2 pagR > A A Fehx o} 420 600 2 700 bp o ¥ A FRD LA 7 TR
(megaplasmid) > ¥ = ;fﬁd PCR #zind £ F12. 5 & (isr TA)e 57T MR RE
EINEFTRRRAR G ﬁ‘fﬁ% AFFTHERRPERGOE ZFH F S
BAF s THEE RS E 1L Pyvagans M17 gDNA 5 45 0 & W)@ * o ¥
313 (e 2) FRH PR R E o e TB B o w BB RS Rent ol E B
A 550 & T750bpe EFHRBH S pagR F ~ T T EREFER
@ PCR> ?ﬁfﬁﬂé" 4 1236bp hA F 5 pagl b ~ T i’?%’-%*?;ﬂ'l?ﬁfﬁﬂzél 4
1348bp A & o WH T ANEE LD > F BidF BEINEEFFH P A LA Fan
FREAY S P2 iEd o R pARESF hE T 3 % NRAIFFH AP (8 T
C): &7 & — MK - pagR ¥ pagl 7 PCR & i@ » 513 Bk & (annealing)
R R A B F 668°C & 65.6°C 5% B F BRIt R EfF 313 RS
BERSFEE N ATy EEAK PCR F &Y annealing 0 B 0 LB
AH B IR PERT R R AL - Btk B B o KO S A
O R R A TR pagR b AP AT BE S0 L AR B R
BHE (71°C & 50°C) PP & - Mgt o pagl f & A5 T a5 B % -
PR R A FRR DD G iree g (e 8 B) o kR B % 0 ¥ pagR
77 PCR ~ & ¥ annealing s B A K 5 50°C; pagl < PCR F Jif i+ aiF

Bt AR RSP ETEEIET S BT R%

uu

§ 8 pKI8 mobsacB 2 & A 4 SUVHIEEE A RS 0 A ) F R EY
(i85 9) o i i {5 SV R ¥ B B pagR & pagl fb & Ad b 0 £
% E.coliDHS5a ¥ % » & 2 Fjf PCR FERF M * £+ - - pK18 mobsacB-

pagR £ &= A %8 2 pKI18 mobsacB-pagl £ = F %5 F% PCR #3415
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LA A B S 1279 bp (4% 10A) & 1390 bp (Fidsr 10C) » A B A I FE i

FEERISBELETM WP RF BE DT RS T EFHAE (CFE

~

10 B ~ 4% 10 D) o (£ 2 A Fazes B £ 25 4 pK18 mobsacB-pagR (¥4 11)

2 pK18 mobsacB-pagl (*it4%x 12) 2. F 7| & 3% o

sacB &hiE &3z L Flp T

#- P vagans M17 &2 & e FRER £ > 27T %3415 124 ¥ 7 kanamycin

-~

N

AHEESHF G FROFRE -3 ERBE T wEATE RS RES

= X iR %’ﬁf{g’b Z2d X FRE E>F 2 kanamycin {7 % = H GG

&%é%ﬁé 7 PCR FEiddfpf 120 P B~ ] > A58 2 A& R A Ak -
-4 pagR > ™ A4 Alenigd <) 5 1911 bp > RE A higd <] 5 1236

bpo$43F 79 BEEEF PCR @B T AT H¢ 5 60% %4

Y

25% WA ERPARL 11 % ABHINTE O FABEEFT RS
A (e 13) 0 e 14B R AR R Y 0 2 BLEE M D e &)

ERRAUFpKRDFH LS 2 L2 5 - - RBTFHEKE T EBIR £ A
o s & R 30°C kB -k miE4 Lo TSB P o 44 % pagl
P54 AlehiEd <[ 5 1966bp 0 RBAHEF <] 5 1348bp o o 90 B :E
HEEY 0 50% AWAABRGARE 9 25% hEE LA T

h25% KBTI P L W - BEFEV S R®A (e 13- 4 15B)-

Ao ¥ TR ARG - 5P gDNA T BRI  RE s H v LN
Ak b MR IR L EF ETS TSB A 0 g AA 4

B- Fge PCR: “TEE%- RERZHA A o
FEY TREUAN sacB dmikis \{HJ"% P. vagans M17 ¥ &1 QS £
F] pagl & pagR > € Ai 33 13% > 2 EERE R o A KL AV LB FEH A

AF S THRRPESER > EE FRE 22 H S (Yuetal, 2000) -
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FERUE B F w E ez A FFH sacB % %] (Yangetal.,2014) - ¢t ¢t >
7 0¥ 258 45 % > o0t lambda Red (MRed) £ o % tip L5 ¥l 564 3 2
2 E it o0 v @i e A 7] (Datsenko & Wanner, 2000) 345 clustered
regularly interspaced short palindromic repeats (CRISPR) 12 2 CRISPR #p B
(CRISPR-associated, Cas) % fafix > fe o chfl FlSmdE k5L o » @ % 34 “f
E. coli & Pseudomonas fulva % 7 ® 4 € F] (Ou et al.,, 2022; Zhang et
al.,2022)° ¥ ¢t » 3t 2L ps RNA h4& =) 3 £ RNA (synthetic small RNA) »
wdgEd BE PR mRNA A@&F A6 F BirewFA T4 R (Cho et al,
2023) o (S AT T U AEF FE S E J'/\Li"f# pagl ~ pagR 2 & _H 5 {7

%% 2 P vagans M17 RERFABR S WENFL AT o
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%= & ~Pvagans M17 ° p 3 %Az e 2§
- ~Pvagans M17 i & # 4 2_ p 3 %% 5 BHL

AREEBEEAY - ¢ 0 &2 PvagansMI17 £ 100% - {4+ Povagans
C9-1- 8¢ %% d  Agrobacterium tumefaciens NTL4 FtRi® 2 2 g R E > #F
EritteatFrl i LFEE A tumefaciens NTL4 i LacZ (B-
galactosidase) 7&1+2 AHLs: = AHLs ez = & &+ & A4 f2 4 (Smits et
al., 2010) » 5 7 #%_ P vagans M17 ¢ QS k%A 4 22 AHLs > 354 % &
7 v $Fend & o $X Pantoea spp. # % d12. AHLs > 488 P. vagans M17 4~ &
1 AHLs fE&FF acdp 3T e fd & & 0 @ 7 - o~ JEORASY Adpdiz po4
1250 ) P.agglomerans YS19 » B 32 % {5 e} ) X B3 > & MALDI-TOF-
MS & #7F232. OOHL (Jiangetal., 2015)° = ~ i 33 B % F 8 7= & (Gypsophila
spp.) £~ T E kB (gall) A 2 v P agglomerans pv. gypsophilae » 2 TLC
A tr B B A& £ u2 BHL %2 N-hexanoyl-L-homoserine lactone (HHL) » ¥
585 HPLC-MS fE > AHE RS9 FREEF > A uEa L 52 8
B2 G Ak miz ih* g+ (Chalupowiczetal,2008) o = ~ihp 24 ° ¢ %
RE A A% I e P stewartii subsp. stewartii DC283 » 12 LC-MS/MS ~
8 X Bp > (BB ¢ L% T N-(3-oxohexanoyl)-L-homoserine lactone
(OHHL) z_ #5335 /% » W4 H 32 & £ 82 OHHL (Beck von Bodman &
Farrand, 1995) - = ~ Morohoshi % + (2007) # TLC & 47/7-k*¥ ~#da P
ananatis SK-1 2. F i 5P~ » 248 4R (s 2. HHL &2 OHHL -

BT 2 )’%E RS o JRE S B Pantoea spp. ® # % !¢ AHLs
WV & P ovagans M17 & jxenp 34 %4 > ¥ % BHL ~ HHL ~ OHHL #2
OOHL i » 4t « fl 5-3 &7 » 1 HPLC-MS/MS & i85 » 7 fd & 17
Bl 4 ek f P [ (retention time, RT) 2 £ %~ 2 4 » RT d 21 £ 4~ 5]

% ! BHL ~ OHHL ~ HHL £ OOHL ° } #* 3% "8 & bt’?};k&“’ﬁ‘L“'i BFE- R
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(Martins et al., 2018; Ortori et al., 2011) » + &w ¥ S4E B R e iip 3 o R
e B F B 0 W IR & product ion scan BoF T 0 m/z 102 g e S B
NI e MS? Bl (B 5-4) 2 $F > % %4 fa ) s (homoserine-lactone)
Fhc? B> d AHLs pisegtandr 4] #7325 = (Beck von Bodman & Farrand, 1995;
Kher et al., 2019; Laue et al., 2000; McClean et al., 1997; Nasser et al., 1998; Swift
etal, 1997)  f Vbt ¥7 7 25 & ch ¥ — 2 f % |4 crmE A 148> & BHL ~ HHL ~
OHHL ¥ OOHL ¥ e m/z &~ W a2 71~99~113 & 141 *tw "'“m?frp&%]"
BE RS 102 3 3 (B 54) ¢ 351 i % v gt (Ortori et al,
2011) > 37 T fs F o 47 PF2 3 ¥ 3 33 oh m/z: BHL~HHL~OHHL ¥ OOHL
2R miz A% s 1725200214 & 242 > S35 m/z FiEHE 102 -
50 Ttk & ¢ 1 AHLs > ;f”ﬁ d  multiple reaction monitoring (MRM) #-
Fo At BIRERZ RS Pvagans M1T B & (1 FiR 2L F B4 0 B % 4
Pt 5 BHL 385 (B 5-SAB) 2 HHL %% (Fl 55C-D) 2
AN RT - R 23 H s AR NL L RERD 91 B8 0.6
- OHHL ¥ OOHL L 54 2. RT» 4t 5® 4k h RT T » RIgE2
Fldss 8 Eog ik FR AR K (e 16)cFput > HE RSP AR E F g B
#15 BHL-HHL 5 =& % & %)% Jo0 k59 sl d + AHLs 1%

I

BEBRAUG P R PHE- H O fEE ST B @A AHLs 5 &

oo

=
]

F.

M @ BRie— 2 precursor ion scan HoFViE (T AT 0 X IR R TR A T

m/z &2 ?)*Jc AL (Ortorietal.,,2011) Ap+td o $h-? F » B Bgerd g > H
" %3 Pl &2 BHL ¢ RT - & (B] 5-6) - P1 F3# R ° hi & 43+ & BHL
T2 2 (mz 172) ok (B 5-7TA); i &® 7 *v BHL % I Pl
A4 (basepeak) FE R AEFE L L R A 146 B (% 53 %k 17) 4P
Pl 2 BHL 2 4pfF i* &% P2 ~P3~P4 = B2 » % Tom/z 102 g i

Ttk WA PR T B BT F B TS (miz 143) 2 &
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;‘%%ﬁ?é/g%t‘ RIAP S HSF (m/z204) (B 5-7B~C-~D)- B % %% pl &
SRR R LD ES s P T R S R&ET AN RTE S AHLs -

2 HPLC-MS/MS 4 #7 P. vagans M17 e B4 > @ 13 & p3f i
A% BHL - < }I?&Efr » R X & 23 en Poagglomerans pv. gypsophilae 12

2 5 BLp RS 4 0 Pantoea ananatis B9 > % i & & 2 BHL (Chalupowicz

etal.,, 2008; Jattetal.,2014) o p* *t » BHL » f H @ & ff S S mpE o g ¢
wFET N > ¢ 7 ¢ P aeruginosa PAO1 (Ortori et al., 2011; Patel et al., 2016) ~ S.
liquefaciens (McClean et al., 1997) ~ Aeromonas salmonicida NCIMB 1102 (Swift
et al., 1997) ~ Erwinia herbicola LS005 ~ Pseudomonas aureofaciens 30-84 (Patel
et al., 2016) ~ ~ 3t p 4 4 5L 0 A. hydrophila 099 (Martins et al., 2018) ~ 4 & p
M #y&en Citrobacter amalonaticus strain YG6 (Kher et al., 2019) » 12 % & 3 p
¥ % ¥ ¢h Pseudoalteromonas galatheae P1 (Aslam et al., 2023) %

R o FERESET W é‘t}.i%#“,% P vagans M17 i3 € A 4 # s AHLs
Tanfed 2 }EL:L,-% 4 4] P aeruginosaPAO1 > ~ 5|3 %3¢ & L &0 LB 1

ERALFRRGA LM BEA LEARB RSSO FRIZETE >

HPLC-TQ MS 4 1% AHLs % £ - %% A7 4 %40 AHLs &4 i %
k¢ ez €498 HHL & BHL & LB ® JER A% 5 657 & 536pug/L>
B F e M9 YRR T AT EE AR & N-(3-oxodecanoyl)-homoserine-lactone
(ODHL) ¥ N-dodecanoyl-L-homoserine lactone (ADHL) & M9 ¥ &7k & 3 3
& LB p (DalBelloetal,2021) > #7312 TSB 2% Atk # * 4 ¢ 3 © f&
F-v 3% ) it ¥ (pancreatic digest of casein) ~ * & % i}’ i* = (peptic digest of
soybean) ~ # F 4 - & “AHEEIELE - 47 o d Y TSB #H BARHY & kB
oA FRIEF R pEieaan AHLs JER R IAm AT AR ¢ pE o

BAWAR > AL € AAFE 1 3-8 3 B (3-[N-morpholino]

propane-sulfonic acid, MOPS) i& {7 i it £ * 1232 & ‘w7 (Chan et al., 2014;
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Kheretal.,2019) 5 & Z_#-rk i it 4c FBh g @R R NHAE G
z‘v’ﬂ“]?]'%%fc% %% (Aslam et al., 2023; Chalupowicz et al., 2008; Dixit et al., 2017;

Jiang et al., 2015; Ortori et al., 2011; Patel et al., 2016; Pearson et al., 1994) o % =

Frs#@f ot LFRpaankT gt harggsidd ”‘ﬁ MOPS & %3 i
B .2 7| Yersinia pseudotuberculosis 1 AHLs & 2 - T'F"F*f - P REF
pH &+ 25 5 3 8 BHL ehp figk F A VMg T "% ;"8 X pH Esea ¢ #
£ R fait (lactonization) w4 & BFZA;3% » e @3 § pH I 2 ™
T oo RiTHAB pKa B 43 P EOFRF A (Yatesetal, 2002) - 3% 5

< /]?v BIEA P &8 R T Y pseudotuberculosis *t& # ¢ AHLs # 1 » %

FrAEAd 22°C-28°C 123 37°C # TLC ~1i@% 5] AHLs 2 £
BEZ R0 o d 1Jf?/?v"‘fr’pH BEEEREY ¢ AHLs 3 2 Sfg o

4 RREEOEL A R EHN I RIS AHLs 60 AR

A FER RIEE R AHLs o 5% & 0 5 384 RRwF L % 2 AHLs it
P Dy KA RE (<0 BAUR ) 0 AHLs o gt mps A RldR ()
WA BRRG) FUFFRRRFER R R )I%ﬂi%i‘ o L AR %
$od o p L E 4 ch AHLs "EfR g p RE 2 Rl £ BRIFHRBERET] (Patel
etal, 2016)c d 1+ ¥ &> 5 LA R4 AHLs -l g2 820 & Ak
AR fEp v A 4 i AHLs o i ?)Fr“‘ rdgpl o ALY G HE
AHLs = & 3 &3k BAL v i o

ARFIVMYRMEBERERAABRT AR T 7 e BT R

Az BRRY o AT REESFE S TEY LB RAORADRE
B 2Ep R & iE (non-targeted screening) iF o ¥ FEE H B G S 0 45
fele % i g LB AHLs 4 + ;¢ (Pateletal,2016); & 2 4 NMR

FRBE WIS SRS o A Lie- # 0 RFKA L 9 AHLs 25
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2.683 min

T T T T T T T T T T T T T T T T
0.5 10 15 20 25 k] 35 40 45 50 55 60 65 10 5 8.0 BS 9.0 95

B 5-3~AHLs 1%# & % productionscan #;' T 2 23+ k478 - (A) 2 (D) »
w| % BHL ~ HHL - OHHL ¥ OOHL % &2 %33 & 47 o 4% + = alies
i g PR -

Figure 5-3. HPLC-MS/MS chromatograms of AHLs standards in the product ion scan
mode. The total ion chromatogram of product ion from the precursor ion for (A) BHL,
(B) HHL, (C) OHHL and (D) OOHL standards at m/z ((M+H]") of 172.0, 200.0, 214.0
and 242.0, respectively. The numbers above the peak indicate the corresponding retention

time.
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5-4~ AHLs % & - =3+ 2 ¥3% - (A) = (D) #» %% BHL -~ HHL ~ OHHL

OOHL 3 &2 3 «

Figure 5-4. The MS? spectra of AHL standards by triple quadrupole. The precursor ion of

(A) BHL, (B) HHL, (C) OHHL and (D) OOHL standards was [M+H]" with m/z of 172.0,

200.0, 214.0 and 242.0, respectively, in the positive ion mode. The product ions with loss

of homoserine-lactone (m/z of 102.0) were performed by triple quadrupole.
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19.433 min
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v

B 5-5BHL ~ HHL %% % & 5 & multiple reaction monitoring #-;* 7 2. %3t 3+ & 478 - (A) ~ (B) » % 5 BHL #¥ %2 5
2 3T KATE o (O)~ (D) A )5 HHL 38 548 52 S-S K150 o % 1 & e HRF TREE -

Figure 5-5. HPLC-MS/MS chromatograms of BHL, HHL standards and P. vagans M17 sample in the multiple reaction monitoring mode.
The total ion chromatogram of product ion at m/z ((M+H]") of 102.0 from the precursor ion for (A) BHL standard and (B) sample at m/z
([M+H]") of 172.0. The total ion chromatogram of product ion at m/z ((M+H]") of 102.0 from the precursor ion for (C) HHL standard and

(D) sample at m/z ([M+H]") of 200.0. The numbers above the peak indicate the corresponding retention time.
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(x100,000)
(A)ED_:1T|C(+)CE EEN)
; BHL  OHHL HHL OOHL M,,//%
257
0.0EW%MWWW 71 DU (N T A A A H‘.‘Mwl IR WA | A A L BT PR T
(x1,000,000) P1
(B) JITNC(+) CE- 1.0 P3
2.5 P2
] P4
001, e
oo sl e s a0 "ot T aoo T asol 0 a0 0 a0 soo 0 Tsso T eso | eso o 780 soo 50 i

Bl 5-6 ~ AHLs 1% %2 & 5 . precursorionscan #-;' 7 2 23+ & 47H - (A) 5 AHLs ¥ 52 243+ E47H - (B) 5 k&2
WS K AT -
Figure 5-6. HPLC-MS/MS chromatograms of AHLs standards and P. vagans M17 sample in the precursor ion scan mode. The total ion

chromatogram of precursor ion m/z ((M+H]") ranging from 100 to 500 with the product ion at m/z ((M+H]") of 102.0 for (A) AHLs standards

and (B) sample.
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Bl 57 & 4T 2 Fo(A) 2 (D) A% 5H&Y = Bk% PI-P2-P3

1%

P4 2 B3 -

Figure 5-7. The MS? spectra of the four potential AHLSs in P. vagans M17 sample by triple
quadrupole. The four potential AHLs corresponding to peaks (A) P1, (B) P2, (C) P3 and
(D) P4 of P. vagans M17 sample in Figure 5-6. The precursor ion m/z ((M+H]") was

ranging from 100 to 500 with the product ion at m/z ((M+H]") of 102.0.
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F 53~ 7% JE/,"’J‘ v BHL 2. P vagans M17 & ° 9% G 45 B ViR

Table 5-3. Comparison of base peak absolute intensity of P. vagans M17 sample without

or with addition of BHL standard

Peaks P1 P2 P3 P4
Base peak absolute Without BHL 108.97  45.27 73.04 20.37
intensity (x 10,000) With BHL 15926 5123 7297  23.42
Multiple of base peak absolute intensity
1.462 1.132 0.999 1.150
of the original sample
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Z ~Pvagans M17 %~ 2. BHL Z E"EF R AP R 4em + 2

TRAREL Y RO RIFERA RS BHL R AE €% 0§ %

15 P ovagans M17 2.2 £ & S (fd 18) > A W03 & FHRL F o PR B -
EPE A ALk ¥ BHL 8 S iv B & ("4 19) > ™ HPLC-
ESI-MS/MS =2tk &5 77 9 BHL k& o S%d4pdl » "EF R A B R H 4 >
BHL JE RS2 # % » 3T 4s4neh 275+ 1.75ppm > £ % 424 ¢ 51 o] pF
t BHL R HHRADZRAS 710 12 14 & (% 54~ "éx 20) 7 4&
0 B 24 ) RFE S SI B Rk E 2 R RFE X BHL kAR &

ES P i % | A R

Jiang ¥ 4 (2015) *#- P agglomerans YS19 3% % I FER 15 » f2 B 1 50
R PIAR 2 ﬁ’fﬁ* F & *’ﬁ: REITIFE L ﬁﬁ‘\“ AHLs % %% TraR
#1734 B e B-galactosidase 2. 7F Y 42 & 0 U & P agglomerans YS19 %7 F 4

EFFHT AHLs A Zchipdt 7 B % 4P AHLs A2 € G 48l Iy f P 3y

fer FNE 24 L A8 PR RIRFHEDFEH K 48 P PFL K
BE o b¥ 72 P EFAREL gehimE = > AHLs A £ 5 B 5 6 48
| E—- X o

Poho S HA R AR AR S AR LA b PR T
Joft AHLs > & &7 fpen AHLs 5822 > ¥ ¥ iy ¢ 22 5 AHLs sh 2 & o i
4ot F 2§ # Pstewartii DC283 % 3L &1 AB-glucose 3 %% ¥ % 48 |
pF oo g % B~H AHLs (Beck von Bodman & Farrand, 1995) » Aslam % 4 (2023)
#-3 & 48 /| PFen P galatheae P1 35 % i (78w 22 5B o 77 5 7 7
Rhizobium etli RT1 3 % >t 500 mL ¢ AB minimal mannitol ¥ %% 48 | p&
Z4 EieiFd o % {s 5P AHLs (Dixitetal., 2017) = Chalupowicz % % (2008)
RI#- P agglomerans pv. gypsophilae I %3t %>t 10mLLB {¢ 5B AHLs - ~
FRL R A R A g2 vE s Atk 1 10°CFU/mML g £ 40 » 250 mL

pe
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LB #% 20 /5> &1 % 3¢ 10° CFUML £ jc & ¢ 7% P~ (Martins et
al., 2018) > % 4 4 ¥ #4-7% kP fluorescens Fthr1 10° CFU/mML ed:fd 8 £48
3 600 mL (hF FRAERR B E 20 ) FAE 100 CFUML 2 # 9z g
(Martins et al., 2014) - Pinto & 4 (2007) ﬁfrV* ~ F R 100 mL LB # % 20
JPEREREBREZRY D FERLSF oG 2 )]?c% #- P fluorescens F113
(Laue et al., 2000) ~ Erwinia chrysanthemi 3937 (Nasser et al., 1998) -~
Chromobacterium violaceum ATCC 31532 (McClean et al., 1997) ~ P. ananatis SK-
1 (Morohoshi et al., 2007) ~ 4. hydrophila ¥ A. salmonicida (Swift et al., 1997)
LuEg Tt ERFDPESEL I FERSF o} _%ilé}%k?-,l—%%‘gmﬁi 5920
TS E2 L BRFY o A4 I REBEAE (100 CFUML) > £ jof £ 55
FiFie i s 45 AHLse 139500+ = [ﬁ%ﬁ‘;ﬂ? R PR TR A R R

--_ Hm ﬁ/k}i'f s m];]*rﬁ 4 7 AHLs /k)iﬁ’irﬁ 30 %f\:'_gx ) L FL;Q}}::*\

BHELE U AFRET AL BFH T R EEFER > 1A
BHL (k& fei-ds2 EFpRen® it o & X RPFFR L AR <30 51 Pl
Jef Vg s BHL 2 830 e pF g ABiT 4 frst .7 % > ik iz

P.vagans M17 % & ifs BHL % 1t {535 o
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% 54~ 7% k2 LFFE Pvagans M17 tk %2 BHL Z_&

Table 5-4. Quantification of BHL in P. vagans M17 sample from different growth stages

BHL concentration

Time
State of growth ODé600 nm
(hours) ppm uM
0 Initial growth 0.13+0.01 2775+ 1.75 16.09 +10.20
4  Logarithmic phase 0.73 £ 0.04 19.30 +£3.16 112.73 + 18.44
24 Stationary phase 1.24 £0.06 27.28 £2.88 159.37 £ 16.85
51  Late-stationary phase 1.21 +0.07 38.45+2.38 224.61 +£13.91

Sample were incubated at 30 °C, 75 rpm for 0, 4, 24, and 51 hours. Data were displayed

as means =+ standard deviation of three biological replicates.
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Fw i EHERY Pvagans M17 2 & ~ 4 54 22 g f (72 28
BERBERADE Z &Y 5 ¢ @R P ovagans M17 3 & & 4 2 g # EH 5

BHL (Bl 5-5AB~ B 5-8A) {345 F it %% 1 % v}?k AT ER S Bk e it
&4 1% 5% P vagans M17 2_ 8t h QS Frd|# o A ekwmfp it &4 % % 7 &2 BHL
2N FadRAp 0BGk A 0 4 B 5 L RI4E2 2(SH)-wkwm R o LR A G R RI4E
Z. C-30(® 5-8B~C)- 7 &1 m F,j& 7R RN E 4o Poaeruginosa
E. coli ~ A. hyrdrophila £ A. ferrooxidans % > ‘& & 7 ¥ 4/%= it * (Hentzer et al.,

2003; Maeda et al., 2012; Manefield et al., 2002; Mufioz-Cazares et al., 2022; Otton et
al., 2017; Ponnusamy et al., 2010; Zhao et al., 2015) > 5 7 & ~ F & %éfﬁﬁfkﬁﬂ QS
joks R A R4 BHL Sedvafik i £ 5 2L 2% BB R AHL &
QS Fr#|# ¥ Pvagans M17 4 £ 113 QS #phf % A 0§23 - BHL m,] 4§ 1
HPLC-MS/MS % Bk & A# (% 5-4) #3734 L RFH s ki 40

ppm iTi 1 X Fbﬂ%cmmx’-k#ﬂm,;’réc,}afiﬂj 2 %4 J@v‘;ﬁ%r‘fﬁ?ﬁﬁ?ﬂi‘_o

- ~FHHR IR E P ovagans M17 2.

W 59 §F k4 3 1 140 ppm (0075 X I 3.5X) ¢ BHL &2
RFY ERMPERARTS LT LT EFALE &y BHL 72 ¢ &
iz P ovagans M17 a2 £ 5% o 5 2 )l?%jﬁf\fl‘ 2 & (Lens culinaris) {37 #
A #d R etli RT1» 5 HPLC-MS #% 8 ¢ fhe fgE Bt hoi & chp 8
A % OOHL - %g *t /7’]‘ 4t 5 uM OOHL =*t TSB {83 & R. etli RT1 » 3 4>
Atk 24 o) P o R R A id S R F B (Dixit et al, 2017) o Aslam ¥
L(2023) KHE K F P 2 3d P galatheae P1 » 11 LC-ESI-MS/MS 3 12 %
e E e gE AHLse A W33 & ¢ s 150uM s /8 AHLs> % 7 §
PR R E KR o

®

577 05mM I 4mM & 2(SH)-+& v fiv B¥ > P. vagans M17 2 £
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A E AN LB (e 21 ek 22) 0 w i A popd AR P

F_k
bl

Bt WA >4mM PR (s 23) EIEH A 2 oo Fl o AT E- B
8 mM M PR B EREFHE S ALY K4 8 mM i 2(5H)-rkrm
b2 K4 2(SH)-stvd 2 ndliedn st > § BF SR R £ Y L F kR
EHFED D A0mM o BB DIHE 2 (B 5-10 ~ f4k 24) o ik 25A BT o
% C-30 7 e ERE 05 3 3uMo 3t Pvagans M17 w3k (@ e B 4
WA LA A R R L BRRE (Yer 26)0 E- HiplE 6 1 48
UM sk R FERDFREER >12uM AT Gl 2t ¢ R EAKRL Lo
BT 12 2 24 UM Sk R R EHR AR @ At £ B AR 1
Foein o B 48 UM HE R TR ESr I FR A £ (e 25 B~ 4k 26) ©
YR e C-30 £ F 8% €% M PaeruginosaPAl4 2 bk iE 0 B
8 /| PFX A drdllecny »2 ~ (Maedaetal.,2012) > 3 = )EJﬂg BlFE- k7
X AR L & ek fip (4 & $ ¥4 Staphylococcus spp. 4 £ 2 B F Y /,’l‘ 4y
ERY Ipgml # 4D 10 pgml > 0 F s £ el 10% 1 80%
% (Kjelleberg et al., 2006) > ¥ — > & - B> 2(5H)-+x v fip 22 C-30 Fr] 4
¥ it R Fle 3 1A e pl4ak R cheges ik (thiophenone) 1 & 47 2 #4850
scdAp i > 24 127 F (Defoirdtetal ,2012) ; 2w 7+ & 2P £ 5 3-0=il
Pl4 el it ek em fip Y & 4 52 4 4] Salmonella enterica Typhimurium % -]
Al B BT R REY > L7 RI4EG E Y A drdl L S0 & (Janssensetal,
2008) - Defoirdt % 4 (2012) Jaipleied fb 2250 ek et 1 £ 4+ F1Z & B F s
Mo P B E I by TR R o # b FTABRERS MR

AT BT IR A F RIS AR S 2 WIEs o Fla R LE
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Created in ChemSpider
B 5-8~ HAE An b &4 2 B o (A) I (C) A% 5 BHL ~ 2(5H)-v v fip 22

C-30 z FH M -
Figure 5-8. Structures of QS-related compounds. Structures of (A) BHL, (B) 2(5H)-

furanone, and (C) C-30 were created in ChemSpider (https://www.chemspider.com/).
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Figure 5-9. Effect of BHL on growth of P. vagans M17. Growth patterns of P. vagans
M17 in TSB containing supplemental BHL were observed. Data were displayed as means
+ standard deviation of three biological replicates. Data analysis was conducted using
one-way ANOVA followed by Tukey’s multiple range test. For BHL concentration, 0.075

X represented 3 ppm (0.018 mM) and “+” represented the exogenous addition of BHL.
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Figure 5-10. Effect of QS inhibitor 2(5H)-furanone on growth of P. vagans M17. Growth
patterns of P. vagans M17 in TSB containing supplemental 2(5H)-furanone were
observed. Data were displayed as means =+ standard deviation of three biological
replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s
multiple range test. At each time point, the asterisks were used to denote statistical

significances (p < 0.05) between the control group and any of the experimental groups.
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= ~Pvagans M17 2.2 $ 52 = X D EHME KA

“§ ¥ BHL iﬂtﬁ;‘%)ﬁ#ﬁ% » Pvagans M17 ens 5% 2 %2 %~ (B 5-
1) >4 BHL 42 60ppm (1.5X) & > grqdliedprt %= 5 5 20% 2
Pt S i 80ppm(2X) b o LiE- HEEHRAE > ¥ A& 120ppm (3X)
EFBF E o BT e 45% o Poe BHL & FHHcE Fav b g7
EA R ERZBEAT LG AR S5 EF Y- RoFE R4 BHL ¢ R P
vagans M17 # 24 | pFend $54 & > BHL },f%{}”ﬁé =ih QS MR 4
WA E o F A Y P galatheae P1 $ % % ® # % e & AHLs > * %ﬁf’}ﬁ]t 4v
z A‘Ff:»? AL A & 24 L SEEFA D SFAc Bhk T Ay
74t BHL £ N-octanoyl-L-homoserine lactone (OHL) PFen? 5 5% & & &2 #\‘},”F
feftpt BEFR T OHL e 4 gt o f Rl 47 OHL kA
PFend g it R e SR AP FERY SO0uM #EA T 200 uM 0 2 F A
BEHRA T FLHFLRL > REDIHE LB DT Lo 23 JHEF R 40 200
UMOHL 32 4% 2 4% & 24 ] pFis 10 B L% o f%%‘ #FA o 4 OHL §
AL2RBEE RN SHATREDEI S PRERAE LG { TF (Aslametal,
2023) < # F % jedp 0t TSB ® A BIEE e 0.05 uM S 0.5 uM & 5 M
OOHL * R etliRT1 2.4 $# %A €52 4 > & & 0.5uM 22 5uM PF3g 4 5
A Tﬁ‘k 13 1 5 & (Dixitetal., 2017) -

F 5-12 &r > § 25H)-4mfif kA 5 8mM & lomM pF o § i
B4 pd A3 24mM RIE A G e dle g AR 32mM o ¥
WAFAE S G Pk o BEipdledpt > 23 32 mM 0 2(SH)-+4 v iR
22 P BT A5% o vh o Pt 2(SH)-vheR ik N EPEMCE ek
B MONMr e PrEFEHE YLD 2 mM e F e e kg2 T o
4 2TA BT 0 F e 0.5 1 3uM ¢h C300 2 FE EREF C30 kA

HAbemfs 2 2 M LG B FALR ML R R RN T o
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C30 ER#EB 5 6 1 VUM > FIREHF L2 Hud £ BRH 2 5 (5
& 27B) -

AR F IR B o0 2(5H)-vA v R C-30 ¥ A e A g P
vagans M17 2.2 5 %A € o § % e fd 2 % pF > TSB ¢ T 2 5 & ekemfp (b
oD ERFL e ARALEFRAFT R F YA BHL HER &
Wik F o BHL &ekwafip it & 4 ¢ 524 $43° PagR eh¥ & » * PagR 2 BHL
S A VAR R A rka ik SRR R B2 ERRE &
PR ARRE £ BHL Ap7 o A F RIS & PagRo &fii B4

i 5 o pbeb o RSk i S ] QS LA An B A K 4 Pl

F_*

va’?ﬂ F AR LR R ﬁﬂz.u’fﬁip’%’ég:_\»};;:r;z#%g % 8 gsE*
4 £ AT o @J’]‘ 4v 200 uM ei it ek em i BF1S 32 4 4] E. coli RP437
2 P aeruginosa PAO1 P% > AT 25 Fid FoE e § 84 2 300 uM B >

it J9R " E.coliRP437 X 34% chd Fo 054 = o pr > éiéjﬁﬁeﬁ& ¥ oha B
daiteivmfr BF4 22 BF10 &7 #r4|2 £ e BB R T » ¥ E coli RP437
22 P aeruginosa PAOl 2 F o4 = F & frg)scdk o £ —% ) ”T 4¢ BF8 ¥
BF15 ¢33 > % 5 lasl ko + %8 82 % ¥ € 39 2 TR0 P aeruginosa
PAOl Eaeng kg " sgFkRd 100uM 34X 200uM @ %2 T *% »
kot BF8 &2 BF15 % 5 LasR edafud] o 2R% rhl i 3frip k> F k8L
EEA Lok R R A R 4 o IF-% We R Ekam i B RS T K
€ HRA PRI AR R P SR T e iR B ph] kALY eniRGE TR R
P 2L 8 8 ek T L 2ogB il (Shetyeetal ,2013) e =~ F A & &
S fErkrmfip T4 4 0 I 22 3 HH OdDHL Paféfﬂ]w gk AP Ay plsat
Bagrs b B g F Ak iy i S FI3R 2 Fik P aeruginosa QSIS2 5 las

g BEm ke ik BT R - B QS k Sudrdak e o gt b o 32

Tnl:
;\1
&)
o+

# Fhd H iy de vk v iy 2 P aeruginosa QSIS2 3% % » BI3E 7 FFriram ik il 3
74

doi:10.6342/NTU202402835



AHLs sfin™ & LasR ok o FX¥# bR EF RUaRES 5§ ¥4

ek iR 1 OB EF vk 0 TR AR Y AHLs SHRfdp etk 4 5

‘3\\-

3 % &4 (Brackmanetal,2012)c = ~Liu % 4 (2012) & = i~ k7|rkrm
A im4 4o 0 BT H P BB b &40 PP R TRk A3 9 P oaeruginosa
PAOA 2 2 $u» ¥ # A + 4t & (molecular docking) F & #-H @ — & cc
T 8 LasR 2% 0§ AR AR RN T 21 4 4 TR R
st A Feaiies (affinity) - = - 3 ‘?/?wfj‘ e 10 uM 1 C-30 = P
aeruginosa PAO1 Ftk3s &% p o £ 12 A FIRE AL 7| (microarray) BRL%Z A ¥4
B o ST Yk P B HPE ﬂig?] #-v (multidrug efflux transporter)
1 mexEF % & 3 4v (Hentzeretal.,,2003) > MexR 3 MexAB-OptM ¢k £ §T
Fefed&F T 4P mexR R% 0 Paeruginosa ¥3v C-30 chfrd|sz
FH AR 0T mexR REIRZ AT C-30 f 15 )} PFEiS R 20% 0 e A R¥
2 A FIARRI R BRI PR % o (T H IR mexR 4 F H I P aeruginosa 3 *v
C-30 et d) > b H 3R 5% (Maedaetal.,2012) o 3£ + 3 > 2(5H)-7%

v ik 22 C-30 i<k R T BiE P vagans M17 2 F %4 = > Japl AR 7 &

2

Fi- Ak PagR 2 BRI &k A - H R B2
Fougscdk ;2 ek k¥ PagR B & (S ok 23R g it [ = ek fip
AR T QS kA Ap e AHLs - # & ch )k 5it AHLs 7 & iF
oo s R p A TR DA 0 A kv iR R T RPEHIS S 00E B

AT AR REHGOE Z &Y FR o Fkh 24 | F4TA 4 o BHL
BR G 159.37 £ 1685 uM o § i 4 2(SH)-v%vafik pf > LR F & 32 mM
TARBEFRC 24 | pFend Fo T T AP & BHL 2 £ 4 200 & ik
B A Edrdlvck o Flpt Mg R C-30 kR I 9 FKR BHL A £ 7 200

FHBRINAFE R Ay EE C30 3fERZ U EFERR
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AFOREH R E LG A

ASY

F2 B

SOEH A SRR R > AT ERN R P vagans M17 ¢h
4 A Fogg Bidgot B2 120 ppm (3 X) BHL (B 5-11) 0 12 % 5t 43 P &
FUA P X 32mM2(SH)-r4 v ik (] 5-12)0 BLER A (L & d 3 4 Foug
FTH RBZFE

Bl 5-13 &7 o e BHL Jwlehd $oofigfp i fipiliedp iz > & 24
DR EH R XN E 24 ) BERE CRFATEMAL IS LS R
H - Bk (e 28)c4c » 2(SH)-vkwafh i@ 2 F A B 2R B
KE ST Gt PR ELE PR ACNT A & (e 29) B 3 S OuiETR B B
BEANE 24 & 48 R AR R ER AT (e 28)c % 48 3
06 /| pF » wi lmnlchd FuE B EESMA ek EHEEE R SRR
FEMA Y 0 B Rt Pl R A A B E R B R
* PCA B A o 8% 2P s ek R & 100 2 10°CFU/UL>
TREFRFER AR RS BR Rk BENR AP (48 30) o 2(SH)-+4 v fiF 2
B EPEHcA kR B E 48 396 ) P ¥ MOl BHL o B
7 32 mM e 2(SH)-v4 v fif ¥4 = 002 2 JEp5Hc A Foend B R (R (4
30) o fx4liegr BHL ¥ > %= B3 3 wiathenh § &9 430 % 120 [ pF >
2 {6 ABRAP R (e 28)  LEHRFLELD AT RTERI SR E
PiT (B2 0 2022) 0 gt ¢h o dp gt izl o e BHL 22 F00A £50 5% 5.
24 3% 192 L EFREEFRD (e 29)o4c » 2(SH)-vkwmfir ks & 48 o) pF
o T ERBEIG - B ERE -

» % C-30 & 5-(dibromomethylene)-2(5H)-furanone % j4. 1 r% vy

=z
=

]i
frit&d > g A kRS 10 UM PF > P ER S P aeruginosa 4 i

A R F o AR A bR £ M AR {5 ST (Hentzer et al,
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2003; Mufioz-Cazares et al., 2022) = 3 # 7 % " ¥ (5Z)-4-bromo-5-
(bromomethylene)-3-butyl-2(5H)-furanone /?J‘ ek R d 10 pg/mL H#4e 2 40
pg/mL > 24 | pEpN 0 B.osubtilis 4 £ i FaRdrd] 28% I 100 % 0 B &
(lagphase) 3 & 4t #t > & 40pg/mL kBT » 4 FoenE R 224 $0cd on
A S s o m B 25% 2163 % (Renetal., 2002) o 1F 4 L pT
TEA 0 der SpgmL & 10 pg/ml ek o E A 4 A RlEeHR 2 ER

LAlpAEANE T3 pFEHRD QS FH2 2 P8k 2 dripgleiprt >
Frdlie R ¥ L #y B2 (Renetal,2001) > F]}* Ren & 4 (2002) 35 3%7%
ra il ¥ oA S aEArA A K B EER QS R0 Bosubtilis A A58 0 2 pow &

K - N 22 [ A
E R A TS AT R
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Figure 5-11. Effect of BHL on biofilm formation and planktonic growth of P. vagans
M17. Formation of biofilm and planktonic cell growth of P. vagans M17 in TSB
containing supplemental BHL were analyzed. Each group underwent incubation for 24
hours at 30 °C. For BHL concentration, 1 X represented 40 ppm (0.234 mM) and “+”
represented the exogenous addition of BHL. Data were displayed as means + standard
deviation of three biological replicates. Data analysis was conducted using one-way
ANOVA followed by Tukey’s multiple range test. Among different BHL concentrations,

different letters were used to denote statistical significances (p < 0.05).
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Figure 5-12. Effect of QS inhibitor 2(5H)-furanone on biofilm formation and planktonic
growth of P. vagans M17. Formation of biofilm and planktonic cell growth of P. vagans
M17 in TSB containing supplemental 2(5H)-furanone were analyzed. Each group
underwent incubation for 24 hours at 30 °C. Data were displayed as means + standard
deviation of three biological replicates. Data analysis was conducted using one-way
ANOVA followed by Tukey’s multiple range test. Among different 2(5H)-furanone

concentrations, different letters were used to denote statistical significances (p < 0.05).

79

doi:10.6342/NTU202402835



4.5 7 Biofilm biomass in different time (hours) r L4
4.0 02 o5 o8 m24

< : = 1.2
—-Planktonic growth nS
§3.5 q q 5
230 5
225 - . 08 =
22 : %
9
=]
E 2.0 - L 0.6 i
= =
=15 - -
2 - 04 %
g2 1.0 S

05 | - 0.2

0.0 0.0

BHL 2(5H)-furanone
Control
ontro “+3X) (32 mM)

B 5-13- #HME RAPM £ Pvagans M17 2 F %4 =2 2258« BHL kA& e
3X #&T 120 ppm (0.701 mM) -

Figure 5-13. Effect of QS-related compounds on biofilm formation of P. vagans M17.
Biofilm formation of P. vagans M17 in TSB containing supplemental BHL or 2(5H)-
furanone was analyzed. Different groups were incubated at 30 °C for 2, 5, 8, and 24 hours.
For BHL concentration, 3 X represented 120 ppm (0.701 mM) and “+” represented the
exogenous addition of BHL. Data were displayed as means + standard deviation of three
biological replicates. Data analysis was conducted using one-way ANOVA followed by
Tukey’s multiple range test. In each treatment, different letters were used to denote

statistical significances (p < 0.05).
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B 5-14~ % it 4% PvagansM17 %6 # 72 B E 2 A9 Haeenit G 7PHT 2 > ¥ T+ ) & T ) 27t A £
FzFv &4 oBHL AR 3X &7 120ppm (0.70I mM) - "# | & AB BRI L e H 7R % -

Figure 5-14. Effect of different compounds on swarming motility of P. vagans M17. Swarming motility of P. vagans M17 at TSB or M9
containing supplemental D-glucose, L-malic acid, BHL or 2(5H)-furanone was calculated. Each group underwent incubation for 24 hours at
30 °C. The compounds and concentrations were shown below the bar chart, and “+” or “—” represented whether the medium contained the
compound or not. For BHL concentration, 3 X represented 120 ppm (0.701 mM). “#” represented that the swarming phenomenon could not
be observed. Data were displayed as means + standard deviation of three biological replicates. Data analysis was conducted using one-way

ANOVA followed by Tukey’s multiple range test. Among different treatment, different letters were used to denote statistical significances (p

<0.05).
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B 5-15~-HHWRE RAPK & kR PvagansM17 %o # 72 B8 13 % ¢ 7 beenfb S B ERFPCE T o A To &
TRAEAY A ZF%CEY cBHL kA9 1 X #&3] 40 ppm (0.234 mM) -

Figure 5-15. Effect of concentration of QS-related compounds on swarming motility of P. vagans M17. Swarming motility of P. vagans M17
at TSB containing supplemental L-malic acid, BHL, or 2(5H)-furanone was calculated. Each group underwent incubation for 24 hours at 30
°C. The compounds and concentrations were shown below the bar chart, and “—” represented that the medium did not contain the compound.
For BHL concentration, 1 X represented 40 ppm (0.234 mM). Data were displayed as means + standard deviation of three biological

replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test. Among different treatment, different

letters were used to denote statistical significances (p < 0.05).
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(B) 2(5H)-furanone (mM)

Bottom
view

Bl 5-16~ MR EAPH * &5 PvagansMI17 2% # 7 A B2 EL(A) 58 % 24 LA E-B) 2345 48 | PF2 A o
Figure 5-16. Effect of QS-related compounds on swarming morphology of P. vagans M17. Swarming morphology of P. vagans M17 at TSB
medium supplemented with L-malic acid, BHL, or 2(5H)-furanone after incubation at 30 °C for (A) 24 hours, or (B) 48 hours was observed.

The top view was captured utilizing ProtoCOL3. The bottom view was obtained under the same lighting conditions.
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(Filutowicz & Jonczyk, 1981; Filutowicz & Jonczyk, 1983) - Brady & 4 (2008)
3 grB B 7iE = 103 tk Pantoeaspp. sl apt  p A LA P R2 0
58T grB P BETEBGH GAITZEE VBRI oFEY 200
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B chs g AR e F N T IF* T g 0 2k (Svec et al,
2015)c % 3 ?'/I?%zifr 15l 32 A 80% I 110% ¥ VAR o B (TR
% kiR &% (master mix) 22 iR E > 513 2254 (probe) BT ¢ F AR
e o R Hg R 0 2 E 7 e ad & a4 (Nybo, 2011) o K,% v

‘L st sl s
3t ,:/j‘_: “ 8

Fidsk2 ¢t AT - HEEL R Ct 23R P RATGEHEARE R
PElF K FLORE o F AR RRARDE FAFRD P HRATER
ACt> B389 e 5 ACt PR 5 ACt ToE 2 FF i jers 73]

AACt » B8 B B ¥ ficde 2 28 R L p A F a7 kS Sipimg

(Schmittgen & Livak, 2008) °
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Figure 5-17. Efficiency of primers used for RT-PCR. The relationship between Ct values
and the log of gDNA input was plotted. The analyzed genes including gyrB1, DNA gyrase

subunit B; pagl, AHLs synthase; pagR, transcriptional activator; bssS1, biofilm regulator;

fliC2, flagellin; hcpl, hemolysin co-regulated protein; clpV1, T6SS ATPase.

92

doi:10.6342/NTU202402835



F 55 wER LR R FonF k-

Table 5-5. Efficiency and specificity of primers used for RT-PCR

Genes Efficiency (%) R? Slope Tm (°C)
gyrB1 96.22 0.9994 -3.416 83.15
pagl 97.67 0.9998 -3.379 80.16
pagR 100.58 0.9996 -3.308 78.82
bssS1 94.92 0.9990 -3.450 83.00
fliC2 81.24 0.9999 -3.872 81.36
hepl 98.15 0.9996 -3.367 79.72
clpVli 94.13 0.9997 -3.471 86.88

Efficiencies were determined using the equation, efficiency = 10C"51°°®) The analyzed

genes including gyrBI, DNA gyrase subunit B; pagl, AHLs synthase; pagR,

transcriptional activator; bssS1, biofilm regulator; fliC2, flagellin; hcpl, hemolysin co-

regulated protein; clpV1, T6SS ATPase.
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Figure 5-18. Relative expression of pagl and pagR in P. vagans M17. P. vagans M17 was
cultured in TSB containing supplemental BHL or 2(5H)-furanone. For BHL
concentration, 3 X represented 120 ppm (0.701 mM). The relative expression of (A) pagl

and (B) pagR was normalized against gyrBI expression and calculated based on the
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calibrator sample, TSB at 0 hour. The 22T method was performed. Target genes include:
pagl, AHLs synthase and pagR, transcriptional activator. Data were displayed as means
+ standard deviation of three biological replicates. Data analysis was conducted using
one-way ANOVA followed by Tukey’s multiple range test. In each treatment, different

letters were used to denote statistical significances (p < 0.05).
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Figure 5-19. Relative expression of bssSI and fliC2 in P. vagans M17. P. vagans M17
was cultured in TSB containing supplemental BHL or 2(5H)-furanone. For BHL
concentration, 3 X represented 120 ppm (0.701 mM). The relative expression of (A) bssS1

and (B) fliC2 was normalized against gyrBI expression and calculated based on the
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calibrator sample, TSB at 0 hour. The 22T method was performed. Target genes include:
bssS1, biofilm regulator and fliC2, flagellin. Data were displayed as means = standard
deviation of three biological replicates. Data analysis was conducted using one-way
ANOVA followed by Tukey’s multiple range test. In each treatment, different letters were

used to denote statistical significances (p < 0.05).
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Figure 5-20. Relative expression of hcpl and clpV1 in P. vagans M17. P. vagans M17
was cultured in TSB containing supplemental BHL or 2(5H)-furanone. For BHL
concentration, 3 X represented 120 ppm (0.701 mM). The relative expression of (A) hcpl

and (B) clpV1 was normalized against gyrBI expression and calculated based on the
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calibrator sample, TSB at 0 hour. The 22T method was performed. Target genes include:
hepl, hemolysin co-regulated protein of T6SS and clpVi, T6SS ATPase. Data were
displayed as means = standard deviation of three biological replicates. Data analysis was
conducted using one-way ANOVA followed by Tukey’s multiple range test. In each

treatment, different letters were used to denote statistical significances (p < 0.05).
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Appendix 1. Plasmid pK18 mobsacB for gene cloning in this study.
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e 28 AT PSSR TG R R 51

Appendix 2. Primers used for gene deletion mutant construction in this study

Purpose Primer Sequence (5’ to 3°) !
. pagR F GTGAAGGATACCTACTACAA
pagR confirmation
pagR R TCAGTTTTCCAGTAAGCGGA
pagR up F TATGCGAATTCAATATGCGGGCTATAGG
. pagR up R GAGTATCTGGCTCAGTTTTCATCCTTCACGTCAGTTG
pagR deletion
pagR dn F GAAAACTGAGCCAGATACTC
pagR dn R GATGGATCCGGCGAGTTAATGAGTTCTG
. pagl F ATGAGTTCTGCTATTGATTT
pagl confirmation
pagl R TCAAAGATGGCATAAGTGCT
pagl up F GACTAGAATTCACGTGAAGGATACCTACT
7 deleti pagl up R3 TGATTATTGAGGGCGAGTTAATGAGTTCTTGCCATCTTTGAATGAGTATC
eletion
pag pagl_dn_F AGAACTCATTAACTCGCC
pagl dn R TCAGGATCCAGATATTTTTCATGCGCG
Plasmid sequencing M13 (F) GTAAAACGACGGCCAGT

! In underlined: sequences complementary to the pagR_dn_F. In bold: sequences complementary to the pagl_dn_F. In italicized: sequences

complementary to downstream sequences of pagl.

128

doi:10.6342/NTU202402835



(A) sacB kanR (C) Second homologous recombination (double crossover)
pK18 mobsacB-pagR _———
5/ HIKTET— - — y down g/lEk
| kanR sacB pagR I
Homologous fragments K \ / A
\\ ///
P vagans M17 s /HIEEI - —) - -/ 3
megaplasmid \ pagR \ kanR sacB | /
51 o \ ,
pagR (Wild type) N -
(B) First homologous recombination (single crossover) (D) Acquired strain
B-I. Occurs at 5’ end (upstream fragment) D-1. Wild type
* 1 ST — ey — ooy —y- S/ 5 lf————— T ) T 5
kanR sacB pagR
pagR <
B-II. Occurs at 3’ end (downstream fragment) D-II. Gene-deleted mutant
s /HEEEE - —on -/ > s IF 1/ 3
pagR kanR sacB €<

»

TERE ERES BE A =% o (B)
FoXRREELAFBT R DRAFIRANFR-(C) 2 F SR RELEI FF L PFEL2E - D) S F-IFRELELEI BT
i B R ER -

YHeE 3~ A sacB gk P 'J“,f Az e (A) & £ F e Pvagans M17 megaplasmid % —

v
e

129

doi:10.6342/NTU202402835



Appendix 3. Schematic diagram of sacB-based markerless gene deletion by homologous recombination. (A) Illustration of constructed
plasmid pK18 mobsacB-pagR and partial megaplasmid of P. vagans M17. Constructed plasmid was transformed into P. vagans M17 by
electroporation. (B) After first homologous recombination, there might be two circumstances. If the event occurred at 5’ end (upstream
fragment) which represented as solid line in figure (A), it resulted in B-I. If the event occurred at 3’ end (downstream fragment) which
represented as dash line in figure (A), it resulted in B-II. (C) Colonies which were kanamycin-resistant were plated on PCA containing 20 %
sucrose to facilitate the second homologous recombination. (D) After second homologous recombination, the acquired strains might be wild
type or gene-deleted mutant. If the event happened at the site represented as solid line in figure (C), it led to wild type strain (D-I). If the
event happened at the site represented as dash line in figure (C), it led to gene-deleted mutant strain (D-II). After confirmation of kanamycin
sensitivity, gene-deleted mutant strain was distinguished through colony PCR. Gray arrow: selective marker on the constructed plasmid. Red
and green rectangles: upstream and downstream homologous fragments of pagR. Blue arrow: pagR, gene expected to be deleted. Purple

arrow: primers used in colony PCR.
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Appendix 4. Effect of DMSO on growth of P. vagans M17. Growth patterns of P. vagans
M17 in TSB containing supplemental DMSO were observed. Data were displayed as
means =+ standard deviation of three biological replicates. Data analysis was conducted
using one-way ANOVA followed by Tukey’s multiple range test. At each time point, the
asterisks were used to denote statistical significances (p < 0.05) between the control group

and any of the experimental groups.
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Appendix 5. Growth of P. vagans M17 with different concentration of DMSO

Time DMSO concentration in bacterial culture (%)
(hr) Control 0.1 0.15 0.2 0.4 0.5 0.6 0.8 1.0
0 0.07 £ 0.00 0.06 + 0.00 0.06 + 0.00 0.07 +£0.00 0.06 +0.00 0.06 +0.00 0.07 +£0.00 0.06 +0.00 0.07 +£0.00
1 0.15+£0.01 0.16 £ 0.00 0.16 £0.00 0.14 £ 0.01 0.14+0.01 0.15+0.01 0.14+0.01 0.14 +0.01 0.15+0.01
2 0.27 £0.01 0.25+0.00 0.25+0.00 0.26 £0.02 0.25+0.01 0.24 £0.01 0.26 £0.01 0.26 £0.01 0.26 £0.01
3 0.42+0.03 0.36+£0.01 0.37+£0.02 0.41£0.03 0.38+£0.01 0.36 £0.02 0.39+£0.02 0.39+0.01 0.40 £ 0.01
4 0.56 £0.02 0.50 £0.02 0.50 £ 0.03 0.54 £ 0.05 0.50 £0.02 0.50 £0.02 0.52+0.03 0.54 £0.02 0.54 £0.02
5 0.61 £0.01 0.59+0.01 0.58 £0.02 0.60 £ 0.03 0.56+0.01 0.58 £0.01 0.58 £0.02 0.59+0.01 0.59+0.01
6 0.64 £ 0.01 0.61 £0.01 0.60 £ 0.01 0.64£0.03 0.61 £0.01 0.61 £0.00 0.62 £0.02 0.63+£0.01 0.63+£0.01
7 0.67 £0.02 0.64 £ 0.01 0.62+0.01 0.66 £0.03 0.64 £0.02 0.64 £ 0.00 0.65+0.02 0.66 +£0.01 0.66 £ 0.01
8 0.69 £0.02 0.66 + 0.00 0.65+0.01 0.69 +0.03 0.67 £0.02 0.66 £ 0.01 0.68 £0.02 0.68 £0.02 0.68 +0.01
9 0.72 £0.02 0.69 £ 0.01 0.68 £0.01 0.71 +£0.03 0.69 £ 0.02 0.69 £0.01 0.70 £ 0.02 0.71 £0.02 0.71 +£0.01
10 0.73 £0.02 0.71 £ 0.00 0.70 £ 0.01 0.73 £0.03 0.71£0.01 0.71 £0.01 0.72 £0.01 0.73 £0.01 0.73 £0.01
11 0.75+£0.02 0.73 £ 0.00 0.73 £0.01 0.74 +£0.03 0.73 £0.01 0.73 £0.02 0.74 £0.01 0.75£0.01 0.75 +£0.01
12 0.76 £ 0.02 0.75+0.01 0.74 +0.00 0.76 £ 0.03 0.75+0.01 0.75£0.02 0.76 £ 0.01 0.77 £0.01 0.77 £ 0.01
13 0.78 £0.02 0.77 £ 0.00 0.76 + 0.00 0.78 £0.02 0.76 £ 0.01 0.78 £0.02 0.77 £0.01 0.78 £0.01 0.79 +£0.01
14 0.79 +0.02 0.79 +£0.01 0.78 £ 0.00 0.79 +0.02 0.78 £0.01 0.80 +0.02 0.79 £0.01 0.80 £ 0.01 0.81+£0.01
15 0.80 £ 0.01 0.80 +0.00 0.79 £0.01 0.80 +0.02 0.79 £ 0.01 0.82+0.02 0.80 £ 0.02 0.81 £0.01 0.82+0.01
16 0.81+£0.01 0.81£0.00 0.80 £ 0.01 0.81 £0.02 0.80+0.01 0.83 £0.02 0.81+£0.02 0.83 +£0.01 0.83+£0.01
17 0.82+0.02 0.82+0.00 0.81+£0.01 0.82+0.01 0.81+0.01 0.85+0.02 0.82+0.01 0.83+£0.01 0.84 £ 0.01
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Time DMSO concentration in bacterial culture (%)
Control

(hr) 0.1 0.15 0.2 0.4 0.5 0.6 0.8 1.0
18 0.83+0.01®  0.84+0.00® 0.82+0.01® 0.83+0.01*® 0.82+0.01*®  0.86+0.02P 0.83 £ 0.014B 0.84+0.01*  0.85+0.014
19 0.83+0.01®  0.84+0.00® 0.83+0.02*® 0.84+0.01*® 0.83+0.01*®  0.87+0.02° 0.84 £ 0.014B 0.85+0.01B  0.86+0.01*
20 0.84+0.01®  0.85+0.00®  0.84+0.02®5 0.84+0.01® 0.83+0.01®  0.87+0.0248 0.85+0.017B 0.86+0.014B  0.87+£0.014
21 0.84+0.01¢  0.86+0.005¢ 0.84+0.035¢ 0.84+0.013 0.84+0.01°  0.88+0.035C 0.85+0.018¢ 0.86+0.01*8  0.87+0.01*
22 0.84+0.00°  0.87+0.00° 0.85+0.04° 085+0.01¢ 0.84+0.01° 0.87 + 0.048 0.86+0.015¢ 0.87+0.014B  0.88+0.014
23 0.84+0.00° 0.87+0.01B¢ 0.85+0.05¢ 0.84+0.01%¢ 0.84+0.015¢ 0.87+0.04*B¢  0.86+0.01°B¢  0.87+0.01*B  0.88+0.01*
24 0.84+0.008  0.87+0.01®  085+0.05® 0.84+0.01® 0.85+0.01®  0.86+0.0548 0.87 £ 0.017B 0.87+0.014  0.88+0.004
25 0.84+0.01¢  087+0.01¢ 085+0.06° 084+0.01¢ 0.84+0.01% 0.86+0.05B¢  0.87+0.01°8¢  0.87+0.02*B  0.88+0.01*

Growth patterns of P. vagans M17 in TSB containing supplemental DMSO were observed. Data were displayed as means + standard deviation
of three biological replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test. Among different

DMSO concentrations, different letters were used to denote statistical significances (p < 0.05).
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%tk 6 ~ P vagans M17RNA 2 @ T A% % o
Appendix 6. Agarose gel analysis of total RNA extracted from P. vagans M17. M: 100 bp

DNA ladder; gel lanes 1 to 12: sample.
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(bp)

(bp)
2.5K
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1K
750
e 500
(693)  (639) (1236)  (1348)
(B) pagR_up pagR_dn pagl _up pagl _dn
M B 1 2 B 1 2 B 1 2 B 1 2
L2 . (RN S Bl oo i s i

(577) (679) (749) (617)
a7~ PCR A4 2 B T A% % o (A) 5 /8 P vagans M17 gDNA ## 2. pagR
¥ pagl 7 & - (B) P vagans M17 gDNA #3 2. pagR # pagl } ~ T %k
BB o (C) 5 pagR &2 pagl * ~ T HERRYEDREAS
Appendix 7. Agarose gel analysis of PCR products. (A) pagR and pagl amplified from P,
vagans M17 gDNA. (B) Upstream and downstream fragments of pagR or pagl amplified
from P. vagans M17 gDNA. (C) Fusion products of the upstream and downstream
fragments. M: 1 kb DNA ladder; B: Blank; R: fusion products of pagR; I: fusion products

of pagl.
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(1236)

M  70.0°C 68.3°C 65.6°C 61.5°C 56.2°C 52.3°C 49.6°C 48.0°C
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W4k 8- E At PCR ER D2 AT ALY o (A) 2 4% pagR &7 € fpus
# PCR Z @R A%% o (B) &% pagl 27 € ¥ PCR 2 AW T A%
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Appendix 8. Agarose gel analysis of annealing temperature adjustment of overlap
extension PCR. Overlap extension PCR was performed for (A) pagR and (B) pagl. The
expected DNA sizes of fusion products for pagR and pagl were 1236 bp and 1348 bp,

respectively. M: 1 kb DNA ladder.
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A B
(@A) pK18 mobsacB (B)

(bp)

(5698) 1222 (1334)

WAk 9~ U HIEEE F RS vector ¥ insert 2 T A % o (A) 5 pKI8
mobsacB A% % F R T AR % o (B) & pagR ¥ pagl } -~ kR Y B
AP EMAF RAGUED AR -

Appendix 9. Agarose gel analysis of digested products of vector and insert. The EcoRI
and BamHI digested products were (A) pK18 mobsacB as vector and (B) fusion products

of pagR and pagl as insert. M: 1 kb DNA ladder.
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(D)

(bp)

6K 3K

1.5K
1K

(1390) (1334,
5698)

it 10 ~ Fis PCR @RS UFIpEZ F B2 AR T AR % - (A)~(C) = "7
7 PCR #z3i% pK18 mobsacB-pagR £ pK18 mobsacB-pagl 2 3% 7 4% % - (B)~
(D) % pKl18mobsacB-pagR ¥ pKI18 mobsacB-pagl (§p%% F BB a3 8% o
Appendix 10. Agarose gel analysis of colony PCR and digested plasmid. (A) Checking
the ligation products pK18 mobsacB-pagR with colony PCR. Genes were amplified from
primers M13-F, pagR _up F. The expected DNA sizes were 1279 bp. (B) Checking the
ligation products pK 18 mobsacB-pagR with EcoRI and BamHI. (C) Checking the ligation
products pK18 mobsacB-pagl with colony PCR. Genes were amplified from primers
M13-F, pagl up F. The expected DNA sizes were 1390 bp. (D) Checking the ligation

products pK18 mobsacB-pagl with EcoRI and BamHI. M: 1 kb DNA ladder; B: Blank.
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Appendix 11. Constructed plasmid pK18 mobsacB-pagR in this study. The description

“pagR up + dn” represents the homologous fragments of pagR.
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Appendix 12. Constructed plasmid pK18 mobsacB-pagl in this study. The description

“pagl up + dn” represents the homologous fragments of pagl.
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Yek 13 ~ FEEL Povagans M17 ®  pagR & pagl M"fi #is PCR 2%

Appendix 13. Results of agarose gel analysis of colony PCR to check the deletion of pagR

or pagl in P. vagans M17

pagl
Gel analysis result

Colonies % Colonies %
Mixture 20 25.3 44 48.9
Wild type 48 60.8 24 26.7
Mutant 2 2.5 1 1.1
Negative 9 11.4 21 23.3

Total 79 - 90 -
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@ M B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(bp)

2K
1.5K
1K

(1236, 1911)

ek 14~ FEid pagR F“J‘,ﬁ%i 778 PCR MR AR%(A) & (B) % FiE PCR
FER pagR X FHE2 B9 A T AGURR A G -

Appendix 14. Agarose gel analysis of colony PCR to check the deletion of pagR in P.
vagans M17. Within several rounds of colony PCR, figure (A) and (B) exhibited the
results of two rounds of which. Genes were amplified from primers pagR up F,
pagR _dn R. The expected DNA sizes for mutant strain and wild type strain were 1236

bp and 1911 bp, respectively. M: 1 kb DNA ladder; B: Blank.
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Appendix 15. Agarose gel analysis of colony PCR to check the deletion of pagl in P,
vagans M17. Within several rounds of colony PCR, figure (A) and (B) exhibited the
results of two rounds of which. Genes were amplified from primers pagl up F,
pagl dn_R. The expected DNA sizes for mutant strain and wild type strain were 1348 bp

and 1966 bp, respectively. M: 1 kb DNA ladder; B: Blank.
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Appendix 16. HPLC-MS/MS chromatograms of OHHL, OOHL standards and P. vagans M17 sample in the multiple reaction monitoring
mode. The total ion chromatogram of product ion at m/z ((M+H]") of 102.0 from the precursor ion for (A) OHHL standard and (B) sample
at m/z ((M+H]") of 214.0. The total ion chromatogram of product ion at m/z ((M+H]") of 102.0 from the precursor ion for (C) OOHL standard

and (D) sample at m/z ((M+H]") of 242.0. The number above the peak indicate the corresponding retention time.
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Appendix 17. HPLC-MS/MS chromatograms of P. vagans M17 sample without or with addition of BHL in the precursor ion scan mode. P.
vagans M17 sample (A) without BHL and (B) with BHL were analyzed. The total ion chromatogram of precursor ion m/z ((M+H]") ranging

from 100 to 500 with the product ion at m/z ((M+H]") of 102.0.
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Appendix 18. Growth curve of P. vagans M17. Growth of P. vagans M17 in TSB at 30
°C, 75 rpm was observed. Data were displayed as means + standard deviation of three

biological replicates.
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Appendix 19. Calibration curves of BHL standard. The concentration of BHL solution

include 80 ppm, 60 ppm, 40 ppm, 20 ppm, and 0 ppm (methanol).
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Appendix 20. Quantification of BHL in P. vagans M17 sample from different growth
stages. Sample were incubated at 30 °C, 75 rpm for 0, 4, 24, and 51 hours. Data were

displayed as means + standard deviation of three biological replicates.
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Appendix 21. Effect of lower concentration of QS inhibitor 2(5H)-furanone on growth of
P. vagans M17. Growth patterns of P. vagans M17 in TSB containing supplemental
2(5H)-furanone were observed. Data were displayed as means + standard deviation of
three biological replicates. Data analysis was conducted using one-way ANOVA followed
by Tukey’s multiple range test. At each time point, the asterisks were used to denote

statistical significances (p < 0.05) between the control group and any of the experimental

groups.
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Y4k 22 ~ 2(SH)-vraa ik Jk & # A PF P vagans M17 2.4 & %

Appendix 22. Growth of P. vagans M 17 with lower concentration of 2(5H)-furanone

Incubation time (hours)

Control

2(5H)-furanone concentration in bacterial culture (mM)

0.5 1.0 2.0 4.0
0 0.07 £ 0.00"B 0.07 £ 0.00* 0.07 £ 0.00* 0.06 + 0.004B 0.07 £ 0.004B
1 0.14 + 0.00B€ 0.15+0.014B 0.16 £ 0.012 0.15+ 0.00B 0.14+0.018
2 0.25 + 0.00* 027 +0.012 027 +0.012 0.26+0.012 0.23 + 0.00B
3 0.40 +0.012 0.41+0.012 042 +0.012 0.40 £ 0.02* 0.36+0.018
4 0.54 + 0.032 0.55+0.012 0.56 +0.012 0.53+0.01* 0.47 +0.02B
5 0.58 £ 0.034B 0.59 £0.0148 0.60 £ 0.004 0.58 £0.0148 0.55+0.038
6 0.60 £ 0.034B 0.62 + 0.004B 0.64 + 0.004 0.61 £ 0.0248 0.57 +£0.03B
7 0.63 + 0.034B 0.65+0.014B 0.67 = 0.00 0.64 + 0.024B 0.60 = 0.03B
8 0.66 + 0.034B 0.67 +£0.01°B 0.70 + 0.002 0.67 +0.034B 0.63 +0.03B
9 0.68 + 0.034B 0.69 +0.014B 0.71 + 0.00* 0.69 + 0.034B 0.66 + 0.02B
10 0.70 £ 0.024B 0.71 £ 0.024B 0.73 + 0.002 0.71 £ 0.03A 0.68 + 0.0248
11 0.73 £ 0.02 0.73 £ 0.02 0.75 = 0.00 0.73 £ 0.03 0.70 £ 0.02
12 0.75 + 0.024B 0.74 £ 0.024B 0.77 £ 0.00* 0.75 £ 0.034B 0.72 £ 0.014B
13 0.77 £0.02 0.76 + 0.02 0.79 £ 0.00 0.76 £ 0.03 0.73 £ 0.01
14 0.79 £ 0.02 0.79 £ 0.02 0.80+0.01 0.78 £ 0.03 0.75 £ 0.01
15 0.81 +£0.02 0.81 £ 0.03 0.83 £0.01 0.80 £ 0.03 0.76 + 0.00
16 0.83 £0.02 0.83 +0.04 0.85+0.01 0.82 +0.03 0.78 + 0.00
17 0.85+0.03 0.85 £ 0.05 0.87 £0.01 0.83 +0.04 0.80 £ 0.01
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2(5H)-furanone concentration in bacterial culture (mM)

Incubation time (hours) Control
0.5 1.0 2.0 4.0
18 0.87+0.03 0.87 £0.06 0.89 £0.01 0.83 £0.06 0.82 +0.02
19 0.90 +0.03 0.89 +£0.07 0.92+0.00 0.83 £0.07 0.83 £0.03
20 0.92 +£0.02 0.91 +£0.07 0.94 +£0.00 0.84 £0.08 0.85+0.03
21 0.93 +£0.034B 0.92 +£0.074B 0.96 + 0.00* 0.85 + 0.09AB 0.86 + 0.044B
22 0.92 +0.034B 0.92 +£0.074B 0.98 + 0.00* 0.86+0.11AB 0.87 £ 0.044B
23 0.92 +0.034B 0.93 £ 0.074B 0.99 + 0.00* 0.87 £0.11AB 0.87 £ 0.054B
24 0.93 +0.04"B 0.93 £ 0.074B 1.00 + 0.004 0.87 +£0.1248B 0.87 + 0.06"B
25 0.93 +0.04"B 0.94 + 0.084B 1.01 +£0.004 0.88 +£0.1248B 0.88 £ 0.07AB

Growth patterns of P. vagans M17 in TSB containing supplemental 2(5H)-furanone were observed. Data were displayed as means + standard

deviation of three biological replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test. Among

different 2(5H)-furanone concentrations, different letters were used to denote statistical significances (p < 0.05).
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Appendix 23. Effect of lower concentration of QS inhibitor 2(5H)-furanone on biofilm
formation of P. vagans M17. Biofilm formation of P. vagans M17 in TSB containing
supplemental 2(5H)-furanone was analyzed. Each group underwent incubation for 24
hours at 30 °C. Data were displayed as means + standard deviation of three biological
replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s

multiple range test. Among different 2(5H)-furanone concentrations, different letters were

used to denote statistical significances (p < 0.05).
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W4k 24~ 2 2(SH)-+2wafk )k & T P vagans M17 2_ 4 & i

Appendix 24. Growth of P. vagans M17 with different concentration of 2(5H)-furanone

2(5H)-furanone concentration in bacterial culture (mM)

Incubation time (hours) Control
8.0 16.0 24.0 32.0 40.0
0 0.08 + 0.00AB 0.07 + 0.007B 0.08 + 0.00% 0.07 + 0.004B 0.08 + 0.00* 0.07 + 0.008
1 0.17+0.014 0.15 +0.008 0.14 + 0.008 0.13 +0.00¢ 0.13 +0.00¢ 0.12 + 0.00¢
2 0.28 + 0.024 0.22+0.01B 0.20 + 0.008€ 0.19 +0.00¢ 0.16 + 0.00° 0.16 + 0.00°
3 0.43 +0.024 0.32+0.01B 0.28 £0.01¢ 0.26 +0.01¢ 0.20 = 0.00° 0.19 = 0.00°
4 0.57 +0.034 0.41 +0.028 0.37 + 0.038€ 0.34 + 0.00¢ 0.23+0.01° 0.21 + 0.00°
5 0.60 + 0.024 0.50 + 0.02B 0.44 + 0.048€ 0.41 +0.03¢ 0.26 +0.01° 0.24 + 0.00°
6 0.62 + 0.024 0.53 +0.028 0.49 + 0.038€ 0.44 +0.02¢ 0.29 +0.01° 0.26 + 0.01°
7 0.64 + 0.024 0.55 +0.028 0.51+0.028 0.46 +0.01¢ 0.31+0.01° 0.28 +0.01P
8 0.66 + 0.02* 0.57 +0.03B 0.53 £ 0.025€ 0.49 + 0.02€ 0.33+0.01° 0.30 £ 0.01P
9 0.68 + 0.034 0.60 £ 0.03® 0.56 +0.038 0.49 +0.01€ 0.34+0.01° 0.32+0.01P
10 0.70 + 0.034 0.62 +0.038 0.58 +0.038 0.50 £0.01¢ 0.35+0.01° 0.33+0.01°
11 0.72 + 0.02* 0.64 +0.03B 0.61 +0.028 0.51+0.01¢ 0.36+0.01° 0.35 +0.02P
12 0.74 + 0.02* 0.66 + 0.03B 0.63 +0.038 0.52+0.01¢ 0.38+0.01° 0.36 + 0.02P
13 0.75 £ 0.02* 0.67 + 0.028 0.65+ 0.028 0.53+0.01¢ 0.39+0.01° 0.38 +0.03P
14 0.77 £ 0.024 0.69 +0.02B 0.66 + 0.028 0.54 +0.02¢ 0.40 +0.01° 0.39 +0.03P
15 0.78 +£ 0.024 0.70 £ 0.02B 0.68 +0.018 0.56 +0.02¢ 0.40 +0.01° 0.40 + 0.03P
16 0.79 + 0.024 0.71 £0.02B 0.69 +0.018 0.58 £0.02¢ 0.42 + 0.02° 0.40 + 0.02P
17 0.80 + 0.024 0.72 £0.028 0.70 +0.01B 0.59 +0.02¢ 0.43 +0.03° 0.41 +0.01°
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2(5H)-furanone concentration in bacterial culture (mM)

Incubation time (hours) Control
8.0 16.0 24.0 32.0 40.0
18 0.81 +0.02* 0.73 £0.02B 0.70 +0.01B 0.61 +0.02¢ 0.44 +0.03P 0.41 + 0.02P
19 0.82+0.01* 0.73 £0.02B 0.70 +0.01B 0.62+0.01¢ 0.45 + 0.04° 0.42 +0.02°
20 0.84 +0.01* 0.74 + 0.03B 0.68 + 0.018€ 0.64+0.01¢ 0.46 + 0.04° 0.43 +0.02°
21 0.84 +0.024 0.75+0.02B 0.66 +0.01¢ 0.65+0.01¢ 0.47 + 0.05° 0.45 +0.02P
22 0.85+0.014 0.76 + 0.02B 0.64 +0.01¢ 0.66 +0.01¢ 0.49 + 0.05° 0.46 + 0.02P
23 0.86 + 0.024 0.76 + 0.02B 0.63 +0.01¢ 0.67 +0.01¢ 0.50 + 0.04° 0.47 +0.02P
24 0.86 + 0.024 0.77 £ 0.02B 0.63 +0.01° 0.69 + 0.00¢ 0.52 +0.03F 0.48 +0.02F
25 0.86 + 0.024 0.78 +0.02B 0.63 = 0.00° 0.70 + 0.00¢ 0.53 +0.03F 0.49 + 0.02F

Growth patterns of P. vagans M17 in TSB containing supplemental 2(5H)-furanone were observed. Data were displayed as means =+ standard

deviation of three biological replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test. Among

different 2(5H)-furanone concentrations, different letters were used to denote statistical significances (p < 0.05).

154

doi:10.6342/NTU202402835



(A) (B)

1.2 - 1.2 4
1.0 - 1.0 A
0.8 A 0.8 -

OD¢y4 um Value
=)
=

—o—Control -+-6 pM ¢ 12 pM

-o-Control =#0.5pM o1 pM

0.2 0.2
a2pM B3 pM *-24puM  -<-48 pM
0 5 10 15 20 25 10 15 20 25
Time (hours) Time (hours)

ek 25~ HRR AT HIA C-30 # Pvagans M17 2 £ 2§28 (A) 5 C30 EAEKE_05uM 2 3uM #H4 £ 2 B B) 5 C-30 k
BAE_6uUM I 48uM 2 £ 2 o

Appendix 25. Effect of QS inhibitor C-30 on growth of P. vagans M17. Growth patterns of P. vagans M17 in TSB containing supplemental C-30
were observed. The C-30 supplemented concentration ranged from (A) 0.5 uM to 3 uM, and (B) 6 uM to 48 uM. Data were displayed as means +
standard deviation of three biological replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test. At

each time point, the asterisks were used to denote statistical significances (p < 0.05) between the control group and any of the experimental groups.
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Appendix 26. Growth of P. vagans M 17 with different concentration of C-30

Time C-30 concentration in bacterial culture (uM)
Control
(hr) 0.5 1.0 2.0 3.0 6.0 12.0 24.0 48.0
0 0.07 £ 0.00 0.07 +£0.00 0.07 £ 0.00 0.07 £ 0.00 0.07 +£0.00 0.07 £0.00 0.07 +£0.00 0.07 £0.00 0.07 +£0.00
1 0.14 £ 0.00PE  0.15+0.00®  0.16£0.00"2  0.16+0.004  0.15+0.015¢  0.14 + 0.00°F 0.13 £ 0.00E 0.12 +0.00F 0.10 + 0.00¢
2 0.25+0.005¢  0.26 + 0.008¢ 0.27 £ 0.008 0.28+£0.004  025+0.01B¢  0.25+0.01°®  0.24 +0.00° 0.20 + 0.00F 0.14 £ 0.00F
3 0.40+0.015¢  0.41+0.01*B  041+0.01*B  043+0.01*  0.39+0.005¢  0.38+0.02° 0.39+£0.01B¢ 0.29 £ 0.00° 0.20+0.01F
4 0.54+0.0348  0.56+0.024 0.55+0.01~ 0.57+0.02%  0.53+£0.018  0.51 £0.004B  0.53 +£0.0248 0.41 £0.01¢ 0.27 £0.01P
5 0.58+£0.034B  0.61+£0.01*  0.59+0.014B  0.60+0.02*8  0.59+0.004B  0.56 = 0.00® 0.59 £ 0.0248 0.51 £ 0.00¢ 0.36 £ 0.02P
6 0.60 = 0.034B  0.63 +£0.024 0.61+0.014 0.62+0.014 0.62+£0.004  0.60+0.01*B  0.62+0.024 0.56 = 0.008 0.43 £0.02¢
7 0.63+0.034B  0.66+£0.014  0.64+£0.014®  0.65+0.01"B  0.66+£0.00*  0.63=£0.02°8  0.66 +0.02* 0.61+0.018 0.48 £0.01¢
8 0.66+0.0348  0.68+0.01*B  0.66+0.0248  0.67+0.0148  0.69+0.00"2  0.66+0.018  0.70+0.02* 0.65+0.018 0.51 +0.02¢
9 0.68+0.032  0.70+0.0148  0.68+0.02%8  0.69+0.00"B  0.71+£0.00B  0.69+0.01*B  0.73+0.02* 0.68£0.01°B  0.55+0.02¢
10 0.70+£0.022  0.73+0.018  0.70 £ 0.03"8 0.71 £0.004  0.74+0.00"2  0.71 £0.02°B  0.76 = 0.024 0.73+£0.01*B  0.59+0.02¢
11 0.73 +£0.028¢  0.75+0.014B¢  0.72 +0.03¢ 0.73£0.018¢  0.76 £ 0.00AB¢  0.74 £ 0.032B¢  0.79 +0.024 0.78 £0.014B  0.64 +0.01°
12 0.75+0.022  0.77+0.018  0.74 £ 0.03"8 0.75+0.018 0.79+£0.004B  0.77+0.04*B  0.82+0.034 0.82+0.014 0.68 +0.02¢
13 0.77+0.02°®  0.79+0.018¢  0.76 £ 0.03°®  0.77+£0.01°®  0.81 £0.00"B¢  0.79 £ 0.055¢  0.84 + 0.03"B 0.87 £ 0.024 0.71 £0.03P
14 0.79£0.02°®  0.81 £0.01B®  0.77+0.03°®  0.79+0.01°® 0.83 £0.0145¢ 0.81£0.055P  0.87 £ 0.0348 0.90 +0.02* 0.74 £0.03P
15 0.81+£0.02°®  0.83+£0.01B®  0.79+0.03°®  0.80+0.00°® 0.86+0.0145¢ 0.83 £0.065P  0.89 £ 0.0248 0.93 +0.02* 0.76 £ 0.03P
16 0.83£0.025°®  0.85+0.01B®  0.80+0.03°®  0.81 £ 0.003P 0.88+0.0145¢ 0.85+0.065®  0.90 £ 0.0248 0.94 +0.02* 0.78 £ 0.04P
17 0.85+0.035¢  (0.87 +£0.01°B¢  0.82+0.045¢  0.82+0.008¢  0.90+0.01*B  0.86 +0.06"EC  0.90 = 0.02AB 0.95+0.024 0.81 +£0.04¢
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C-30 concentration in bacterial culture (uM)

Time
Control

(hr) 0.5 1.0 2.0 3.0 6.0 12.0 24.0 48.0

18  0.87+0.03*"  0.89+0.01*®  0.83+0.05%  0.83+0.01®  0.91+0.004® 087+0.05% 0.90+0.02*®  094+0.03*  0.82+0.05"
19 0.90 + 0.03 0.91+0.01 0.85 + 0.05 0.84+0.01 0.92+0.00 0.87 £ 0.04 0.88+0.01 0.92+0.03 0.84 + 0.04
20 0.92+0.02°B  0.92+0.004  0.86+0.05*®  0.84+0.018  0.91+0.01"B 087+0.02*® 0.86+0.01"B  0.90+0.03"®  0.85+0.04"P
21 0.93+£0.03*  093+0.01" 0.87+0.05*B  0.85+£0.02% 090+0.01"B  0.86+0.00"B  0.84+0.02%  0.88+0.03*B  0.85+0.03"
22 0.92+0.03*B  0.93+0.02% 0.87+£0.054BC 0.85+0.025¢ 0.88+0.01°BC 0.86+0.01*5¢  0.83+0.01¢ 0.86+0.04"B¢ (.83 +£0.02€
23 0.92+0.03*B  0.93+0.03*  0.88+0.054BC 0.85+0.024BC (.87 +0.024B¢ 0.86+0.02*BC  0.81+£0.01°  0.84+0.04%¢  0.81+0.02€
24 0.93+£0.04*  0.93+0.03*  0.88+0.05*B  0.85+0.02°® 0.87+0.03*B  0.86+0.02*B  0.80+0.01® 0.81+0.04%  0.80+0.02°
25 0.93+£0.04*  094+0.03*  0.89+0.05% 0.86+0.02°® 0.86+0.04"B 0.85+0.03*B  0.78+0.028 0.78+0.04%  0.79+0.01"

Growth patterns of P. vagans M17 in TSB containing supplemental C-30 were observed. Data were displayed as means + standard deviation

of three biological replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test. Among different

C-30 concentrations, different letters were used to denote statistical significances (p < 0.05).
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Appendix 27. Effect of QS inhibitor C-30 on biofilm formation and planktonic growth of P. vagans M17. Formation of biofilm and planktonic cell
growth of P. vagans M17 in TSB containing supplemental C-30 were analyzed. The C-30 supplemented concentration ranged from (A) 0.5 uM to
3 uM, and (B) 3 uM to 48 pM. Each group underwent incubation for 24 hours at 30 °C. Data were displayed as means + standard deviation of three
biological replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test. Among different C-30

concentrations, different letters were used to denote statistical significances (p < 0.05).
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Appendix 28. Effect of QS-related compounds on biofilm cycle of P. vagans M17. Biofilm formation of P. vagans M17 in TSB containing
supplemental BHL or 2(5H)-furanone was analyzed. Different groups were incubated at 30 °C for 2, 5, 8, 24, 48, 72, 96, 120, 168, and 192
hours. For BHL concentration, 3 X represented 120 ppm (0.701 mM) and “+” represented the exogenous addition of BHL. Data were
displayed as means + standard deviation of three biological replicates. Data analysis was conducted using one-way ANOVA followed by

Tukey’s multiple range test. In each treatment, different letters were used to denote statistical significances (p < 0.05).
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Appendix 29. Biofilm formation and planktonic growth of P. vagans M17

Biofilm formation

Planktonic growth

Incubation
. 2(5H)-furanone 2(5H)-furanone
time (hours) Control BHL (120 ppm) Control BHL (120 ppm)
(32 mM) (32 mM)

2 0.71 +0.10% 0.78 £0.134 0.15+0.028 0.45+0.014 0.45 + 0.004 0.18+0.01B

0.95 + 0.098 1.07 £0.134 0.28 + 0.06¢ 0.53+0.014 0.54 +0.014 0.21 +0.03B

2.19+0.324 2.35+0.294 0.45+0.108 0.62 +0.024 0.60 + 0.034 0.25 +0.02B

24 2.79 +0.43B 3.15+0.744 0.68 +0.23¢ 0.71 +0.034 0.70 + 0.044 0.27 + 0.06"

48 0.75+0.514 1.05+0.614 0.79 £0.314 0.41 +0.058 0.49 + 0.06 0.17 +0.05¢

72 0.21 +0.06* 0.23 +0.074 0.20 +0.054 0.30 +0.034 0.32 +0.034 0.15 +0.08B

96 0.20 + 0.03B 0.20 + 0.038 0.25 + 0.06" 0.25+0.01* 0.26 + 0.024 0.13 +0.048

120 0.48 +0.124 0.55+0.134 0.22 +0.088 0.28 + 0.02* 0.28 +0.01* 0.14 +0.038

168 0.18 +0.04* 0.25+0.074 0.27 +0.194 0.28 + 0.024 0.29 + 0.024 0.10 + 0.028

192 0.34 +0.098 0.43 +0.074 0.20 + 0.05¢ 0.26 + 0.024 0.27 + 0.024 0.10+0.01B

Formation of biofilm and planktonic cell growth of P. vagans M17 under different incubation time in TSB containing supplemental BHL or
2(5H)-furanone were analyzed. Data were displayed as means + standard deviation of three biological replicates. Data analysis was conducted
using one-way ANOVA followed by Tukey’s multiple range test. At each time point, different letters were used to denote statistical

significances (p < 0.05).
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Appendix 30. Effect of QS-related compounds on planktonic cell viability of P. vagans
M17. Planktonic cell viability of P. vagans M17 in TSB containing supplemental BHL or
2(5H)-furanone was counted. Different groups were incubated at 30 °C for 48, 72 and 96
hours. For BHL concentration, 3 X represented 120 ppm (0.701 mM) and “+” represented
the exogenous addition of BHL. Data were displayed as means + standard deviation of
three biological replicates. Data analysis was conducted using one-way ANOVA followed
by Tukey’s multiple range test. In each treatment, different letters (A, B, C) were used to
denote statistical significances (p < 0.05). At each time point, different letters (X, y, z)

were used to denote statistical significances (p < 0.05).
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Appendix 31. Swarming area of P. vagans M17 at different medium supplemented with

different compounds

Percentage of plate

Medium Supplement

swarmed (%)

None 1.60 + 0.06°

5 mM D-glucose 1.67 +0.32P

TSB 5 mM D-glucose + 5 mM L-malic acid 1.70 £ 0.22°
5 mM D-glucose + 0.701 mM BHL 1.85+0.14°

5 mM D-glucose + 32 mM 2(5H)-furanone 0.42+0.01F

5 mM D-glucose 2.65 +0.24¢

5 mM D-glucose + 5 mM L-malic acid 5.99 +£0.344

M 5 mM D-glucose + 0.701 mM BHL 4.06+0.238
5 mM D-glucose + 32 mM 2(5H)-furanone Not observed

Swarming area of P. vagans M17 at TSB or M9 containing supplemental D-glucose, L-
malic acid, BHL or 2(5H)-furanone was calculated. Each group underwent incubation for
24 hours at 30 °C. Data were displayed as means + standard deviation of three biological
replicates. Data analysis was conducted using one-way ANOVA followed by Tukey’s
multiple range test. Among different treatment, different letters were used to denote

statistical significances (p < 0.05).
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Appendix 32. Swarming area of P. vagans M17 at TSB medium supplemented with

different concentrations of QS-related compounds

Medium Supplement Percentage of plate swarmed (%)
None 1.62 £0.15%
5 mM L-malic acid 1.52 £0.08*
0.234 1.70 £ 0.044
BHL (mM) 0.467 1.74 £ 0.134
TSB
0.701 1.64 +0.024
16 1.01 +£0.078
2(5H)-furanone (mM) 24 0.89 +0.118¢
32 0.65 +0.13€

Swarming area of P. vagans M17 at TSB containing supplemental L-malic acid, BHL, or
2(5H)-furanone was calculated. Each group underwent incubation for 24 hours at 30 °C.
Data were displayed as means + standard deviation of three biological replicates. Data
analysis was conducted using one-way ANOVA followed by Tukey’s multiple range test.
Among different treatment, different letters were used to denote statistical significances

(p < 0.05).
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Appendix 33. Relative expression of target genes in P. vagans M17

Time (hr) Control BHL (120 ppm) 2(5H)-furanone (32 mM)
1me r
pagl
0 1.11 +£0.55* 1.21+0.16% 0.39 £ 0.09*
1.94 +0.934 1.43 +0.5048 0.23 £+ 0.098
6 2.21+0.58 0.97 + 0.465 0.21 £ 0.08B
24 4.00 +0.414 0.92 +0.198 0.48 +£0.18B
Time (hr) pagR
0 1.06 + 0.38% 1.17 £0.48" 1.57 + 0.68%
2 1.57 £ 0.344 1.34 +0.60* 0.75 + 0.204
6 0.70 £0.112 0.57 £ 0227 0.58 +0.28"
24 248 +1.204 1.75+0.354 1.24 +0.30%
Time (hr) bssS1
0 1.05+0.38% 1.12 +£0.342 0.79 £ 0.28%
2 1.26+0.412 1.53 +£0.534 0.86+0.194
6 2.13 £ 0.864B 458 +2.164 0.51 +0.18
24 1.16 £0.128 1.37 +£0.224B 1.83 +£0.424
Time (hr) fliC2
0 1.26 +0.874 1.78 £ 0.88" 1.25 +0.05%
2 0.53 + (0.547B 0.83 +0.82* 0.27+0.198
6 0.44 +0.324 0.72 + 0.73A 023+0.174
24 1.84 +1.68%4 229+2.194 1.13 +1.082
Time (hr) hepl
0 1.02 +£0.244 1.04 £ 0.204 0.44 +0.12B
2 1.08 £0.234 1.05+0.104 0.31 +£0.03B
6 1.14+£0.188 1.74 + 0.444 0.52 + 0.06
24 0.27 + 0.084B 034+0.12* 0.17 £ 0.03B
Time (hr) clpVi
0 1.02 £0.25% 0.94 + 0.34AB 0.45+0.168
2 0.93 +0.12% 1.27 £0.25% 0.55+0.20B
6 0.82 + 0.247B 1.35+0.194 0.82 + 0.098
24 1.44 + 0.408 249 +0.672 0.97 +0.32B

P. vagans M17 was cultured in TSB containing supplemental BHL or 2(5H)-furanone.

The relative expression was normalized against gyrB1 expression and calculated based
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on the calibrator sample, TSB at 0 hour. The 2724¢T

method was performed. Data were
displayed as means + standard deviation of three biological replicates. Data analysis was

conducted using one-way ANOVA followed by Tukey’s multiple range test. At each time

point, different letters were used to denote statistical significances (p < 0.05).
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