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Abstract

In this study, we investigated the effects of indole on biofilm formation inhibition in Pantoea agglomerans (P.
agglomerans). In the biofilm growth assay, indole inhibited biofilm formation across all the growth time. Depending on
biofilm growth stage, indole exhibited biofilm inhibition and anti-bacterial effects on planktonic cells. Through the analysis of
the proportion rate between biofilm and Colony Forming Units (CFU) and inhibition rate of indole, we confirmed that
depending on the biofilm stage of P. agglomerans, indole treatment timing was more important than the treatment duration.
By comparing gene expression rates through rt-qPCR P.agglomerans affected by indole was found to significantly change
quorum sensing (pagl/R) and indole transportation (bssS) gene expressions. Throughout all, indole exhibited both
antimicrobial and anti-biofilm effects on P. agglomerans. In addition, we confirmed the anti-biofilm effects of indole on
mature biofilm. In conclusion, indole as a signal molecule, can exhibit anti-biofilm effects through bacterial quorum sensing
inhibition and indole affects. Therefore, indole can regulate biofilm bacteria especially gram-negative opportunistic
pathogens.
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1. M2 polysaccharide)® &&# QJOH(Kim et al., 2011;
Jahid et al., 2012; Kang et al., 2019), u]X}Eo0] Hjo| 2
LES F/dshd 3xro]| ZsHA F2kE o] AA7E o
ik ohjek 9iRe] AFow e Arng wEsy

Hlo] 8 2(biofilm)& 317] SR oA So] M2t
slo] AdAshHA] HEulske SANEPS; extracellular
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wo] [l nAE AlAN = FekS vtk (Jacque et al,
2010; Kang et al., 2019). £3] vjo] 2 HES HA5}4]
9431 3§54 plankionic AElehs e, nlge] 3
3% Hio| @ AEE HEHe] gt o] 500uHofA
1000u717] Z71517] wjo) e} Fsixo R 9
nPYE AAS 917 Y ofeteos s Azl
el vPgE Aol ARt EAIE U O XITHEl-Azizi et
al., 2005; Choi et al., 2011; Kang et al., 2019). o]&{gt
AN QRES I T A} Peisl 9]
o I A|RE oA PhEL ]l gt

Pantoea agglomerans (P. agglomerans)+= “13F 24
o £ 9 5kl el Harslol 24 e
oz 2RgshH, ARelAk= 71314 Heui(opportunistic
pathogen) .2 7195 -GS Dutkiewicz et al.,
2016). g0l A P. agglomerans= £33} Gossypium
hirsutum), <Jl(Allium cepa)?} &-+F(Lathyrus
maritimus o] A8 gue) 24E) A hg
2] © 7Iti(Dutkiewicz et al., 2016). £3], =2 H|&E
RS 224 0.2 5= LfzjollA] Bi(Oryza sativa) ol
WS frasto] EHF AL oS} Bl RS "oy
= 7 aloz 283t P. agglomerans®| AlA=
A S FaA] TR AA|UE Hlo| T E
oz Qlsle] A Ei SEREAo] ol YA
S7HIA RS AASE ofFA Tt ofgol
QItiChoi et al., 2011; Dutkiewicz et al.,, 2016;
Velmourougane et al., 2017).

nE S| Sl Bt o aje i Ho]
o= Ao A AA)(quorum sensing)S E3lo]
A 4 ks AT AT E0] H Sof 92 v o)
ot FFAAL uYE 7ro] oJxkaEHFA(signaling
communication) 2 Z(Wai-Leung and Bassler, 2009),
TR S PRt AR o Ao R Als Y
24e Bulsih duboR I3 SA@e AHL
(acyl homoserine lactone)s, 1 A+ AlPs
(autoinducing peptide)E ZHZ} En|gl= A o2 oA
QltiMiller and Bassler, 2001). P. agglomerans =3}
chE 19 S TR b AHLE A5 B
2 ARgS](Jiang et al., 2015). v|¥&E U= EX 4
2 oA 9IS ), ofe] mE A gEe) elow
ola}|4] n|AY=E W (Miyashiro and Ruby, 2012), *H

O
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>,

o

- ol

AJ(Rutherford and Bassler, 2012), H}o] 2 ZE FAJ(Li
and Tian, 2012) 5] #5o] o}olzIcY, olo] uje} 3]
TaAle) 2871448 ool nAkETle) OAES A}
O B uolewE PuS x¥sls AWUY
(quorum quenching)o]] tgl &I12] HAlo] Z7)5aL
QIth(Paluch et al., 2020).

Ql=(indole)2 EAM] CsH/NQI BIEE: lH| =2 112
$7] sRHEolth. AelAlo] ZASRe kB e Azt
L2 YR 250 Fof E09k=1 indole-3-carbinol 2
2 QlEfae] Bl Haza|, il A, ARk
Aol EAshH, theket AlltEell olel A8E = Al
ol E3F QFES I op|iARRl ERE(tryptophan)
o] dritEe 2] 7o) A FollA BakE|o] AlREd
o) A=A 2 2R3k M2t TF AT BALRA e
AL /Y, SR =0 A, oFEel tigt g, e
9 A, 59 55 R Al AR ool SHES
ZH5kLee and Lee, 2010; Kim and Park, 2013;
Kim and Park, 2015). ZZoll= Q1= q-22] slst A&
o] Zf-5=2] S A7 = AAA At qlck
= A= A5EIE dEdoh o mwpdE
(Caenorhabditis elegans)& thAlo2 3 aA-LofA Q1
E2 78S IA EolAE gty A7 o
A7 1= AR Yepsith Asolxet nir x| 2 A
9] Aol ES Ak AT Uo7t E01A
= ASs AR 7 Al sds Al 5
QU AREE S AT 02 UeiitHLee
etal., 2017; Robert et al., 2017). 0|23t Ai}= 21&9]
clrRt Al S T S48 wolnl, v
< walel ok Q1 Pl 917 Hobe] 04 AN
Eli=y

0]%19] ¢ILo|A|, tit Escherichia cali (013} E.
coli)ol|x9] Hie|leTE FAapgola Wio] HalE
yliH (bssR), yecP (bssS) = -dAk= =S| -84
ZZ(motility regulation)o]] oldh= thildS TS
ok T 523212 7150 AlA(gene deletion)H S HO|
FHmutants)= OPYF(wild type)o] Hlsf Hjol L= 3
AJZH(biofilm mass; 240-29041}), FH F 2] X|(surface
coverage; 16-314})) U Ht%F7(mean thickness;
28008 F 27t S7HA7 = Ao delA ok Egh
=] - RS E¢HolH(yliH, yeeP mutants)
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Time dependent on biofilm
formation with indole treatment

Time (hr)0 2 6 8 12 18
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Fig. 1. A schematic diagram of biofilm growth and indole treatment time-course. Abbreviation: 8; 4, 8 h biofilm 6 h indole
treatment; 18; ¢, 18 h biofilm 6 h indole treatment; 18 ¢, 18 h biofilm 6 h indole treatment.

o2l - 2lF oo QIE o] Ik uolodE
A4S 50-140817H4] Z7 A7t Domka et al., 2006).
ol2fgt Axk= <15} Hlol 2 TEFA A< Ahﬂrﬂﬁ]
2 HoiZC), uebd, £ Aol SakEe e

£ 1 8443t9) P. agglomeransollq 940 2 i
of eJgt ulo] e AE g4 A A2 Al7tel| whet 1A
siglon, vloleme 4 oo} TelEl A Al

BB AHLs 34 9 2% 2K (pagl/R) 215
S8 (bSO WAL ulm BABIAL). ©]F
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8, s2Ee] A=8e she P. agglomeranse] Bl
°oleEE T 2= FHEURA 015011 ok 7]
Z2Q1 214 Bl uhE w4l AEAlS] HEUAE =
A e 712ARRS HRIshA Sl

2. Mz ¥ Y

21, M8 =75 ¥ x|

P. agglomernas (KACC 15275; ATCC 27155) +«
ZL w2254 22 eoly}ste] K|oRSalol|A] Kok
of AMgsIYtt  w5= LB(Luria-Bertani) broth
mediumol|A] 30T |4 vieFs}s] om, X% Aof®=
oIk ] 9 Lol Saslelct.

2.2, AZhol| e Hio|2™

ARl wE Hlol e E el
517] Sfell = HE T 48 h Bt 6h7J74 g}

351t 96-well plate (Cormng USA)°] =l
TEE welld 200 pL (1x107 cellsmL) &2 B3 &
& A2ehA] g2 tizH(contol) Tt | mM 255
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Q= AejE AP o] Qs A] ARl wE

é F 75 RIS Planktonic
HASIA] B2 180 rpm o2
6501 ! HH kﬁ’iﬂr ot ¢i+to]l Tt A== Fig. 1

of|A LrER etk
23 BEEE 0
wlol g 4 24 ol
(2011)9] vjo) o= assay%

T} 96-well plate] H}Ol < H =7t —f‘xéﬁ} | 13k HH"'EOH
ke sl WEl 5, 3R] viMsH 2ol

planktonic cells& 11]7%’6}7] 3l YUwell) PBSE 3
3] AlEkTk 4 F 0.1% crystal violet
(Sigma-Aldrich, USA) 894 225 pL2 ¥2 % 1587+
AAJHlF F- PBSE 53] AI5HGIEE o] - /=20fl4 8 h
SOk AZSE ME-L 30% acetic acid (Sigma-Aldrich,
USA) &4 225 uL& gol 3 1587F 3] uijetsial
t} o]% SPECTROstar Nano (BMG LABTECG)Z
600 nmoj|A &3 =(optical density)FF2 Z451.om,
30% acetic acid &2 normalization (E+= blank)<

Sle) Apgkich
24, WOI2EE ol 42
Q5o Hlol 2

ol

IE’_
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o ulo]o 7S re]

it S7e SeiAl Ekls E} 13 mL falcon tube
oA 2718%E 5= 1 x 107 cells/mL & BAsTh
30T ARpufgstEs] EQAR] MER $- cell
pelletsE PBS 2 23] 4=A]| 3 U3} buffer solutiono]]
SEFSE cell pellets2  157F vortex & sonicationS
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E£3 cell aggregationS | A3519C) o] 2 A3t L
broth® 23| 314 & LB agar plated] =% & =}
3 A2 Alo) 79k vlol o BE vie) A wlg

A

o]

;

inhibition ratel= o]l 1% B8-S Zhirsio] Ak
3}t Mitra and Jens, 2016).

=}

Biofilm proportion percentage (BP)

= [CFU biofilm/(CFU biofilm + CFU planktonic)]
x 100

Percentage inhibition

= [CFU Negative control - CFU Indole
/CFU Negative control] x 100

2.5, Real-time gPCR (RT-gPCR)E E&t X} s
H|m

Z2713% %=1 % 10 cells/mL 2] %= 2 LB broth
fiz]ol] & 5 30TollA uiFsislct. S7gARITHelA
AZe] & QX8 (centrifugation; 10,000 x g, 4T, 20
min) & F3lA] 5= HAETRS Sl4=515iet. 344 cell
pellots & 2] ozl Hi 5 A1 AT 91ol -8
0T oA B35 Cell pellets © ZFE] 2] total RNA
F22 MiniBEST Universal RNA Extraction Kit
(Takara, Japan)2] u+%(manufacturer’s instructions)
o] whehA] 4233519}, cDNA-= PrimeScript 1st cDNA
Synthesis Kit (Takara, Japan)< 53} T35} T4
=] cDNAE F3 0 & 310 SYBR master mix (Thermo
fisher, USA)E E3] RT-gPCR XS 4=3J3}%ict
PCR 27& ofe] Hirg 3 Farsiglen
(Kenneth and Thomas, 2001), 16S rRNA -§-Zx}=
housekeeping control 2 ARE-E| AT

2.6. SHEHN

TE Ade 2agt 33 o uks siglon,
GraphPad Prism 8.0(GraphPad software, USA)< ©|
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3.1, QI=9| P agglomerans®| HIO|QEE MM XX
P. agglomerans= Enterobacter agglomeransz 8
=l Enterobaceriaceo]] £3k= w5=0]c}. P. agglomerans

1% - Qg - 3

o

- ol

= AEt 55 5 ARAAIA E8] s 2 24
Al+H(gram-negative bacteria)©|t}. P. agglomerans®]
718 %o] shtE P. agglomerans: M4 A
(pathogenicity island; PADS AY= ZThAn|=
(plasmid)E S1S3lo] Hrp o} B %5 Solxel
ZoF A YA (Hrp-dependent and host-specific
tumorigenic pathogen)& XUl Itk PAI= 4%
& et P. agglomerans 7oA F3E5]= IncN A|
o] HHE ZalAn|=(iteron plasmid)o|A] Zs51%.C
o, PATS] i 220 AfEA el WelRle] 23
2 SIS |= glclBarash and Manulis-Sasson,
2009). w2hA, P. agglomerans 2 Af=-2- HE|2]oh
yeAe] ZES os] 9Ie shte] Wowm P
agglomerans F-0] vlo| 28 2] 48 oz E
= 5 QAT 48 S He] oA ol 5
Q3f). ofeiet v slol 2 AT QS| ot P.
agglomeranse] vlo] @ 2] ojlo] n}e ARl 2
of thgt ¢A-olck

Crystal violet assayS £35 2l50] 2J5t ulo] o
719 #5=0] TiAlg= HElE S Sl HUET
L. Fig. 2014 Hi=H}e} Zho], 345 5 12 h A7 =
29 mM E=2 mM 2 Qkso] 71 Addwtol
Al S35 ko] A Ao HolA] (ot Tk 12 h
O] FHE] T} ARlTtollA wlAlRt MBS Kookt
18 h o]$5E 3= ghe] ARl o7t L]
AL HF 530 h o] 7B = 48 h7kA] tiz<tof]
A QFASE X427 AlAH(exponential growth)S E STt
Hido], 1 mM E=2 mM & §kE0] 37K Adtolkl=

[ A ¢

Biofilm growth

- Control
= |ndole 1 mM
& & Indole 2 mM

0D (600nm)
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Fig. 2. P. agglomerans biofilm growth rate on indole
concentrations.
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Fig. 3. Biofilm and planktonic growth on indole
concentrations at early stage (8 h).

48 h 52t S35 gkel Aot A9 glglow, x¢7]
(lag phase)oll HE2] Uitk 1 mM Fi=2 mM <] 2l
50| 71 AtolA S8 2] S-SRt Aelxlo]
o] Zp5-o] Agolli= 1 mM O Q=3 ARSSISITE

Fig. 20] W5 vigho = Aol w2 ¢1=9] vio]
LIE A EAE ATl wek Ak A
ko] AifollA] QHEE] o] Wty AEt
oA & 5 8 h7lAl= A 17| AJHE FAlelalem, 18
hiFE= AgtolA 27] A|5=7](early log phase)o]] X
YAk A7|=o] AP AWAT] G453 s
LERdT olgfet ks ETiR X|%17]9F 27] A7
9] ajdsli= 8 hatt 18 hoj] 255 BH=o] 442 XI3yfst
Ak 271 8 hAfjof A= )1E2] fitol| Aglo] tilast
oL} QlE-S A2t AddollA 9] Hiel e BE e 7iA|
o Woh= S5 vEh ] oSt &2 vieledE
o] 7Rl Rfatolla o] St gho] B w5
o 4= Uk 18y Ffii(planktonic) ol A= Tz
Hjsl Qlse A23t Adtollie] S3%= Frol ik
1.25u) = WA Vel thFig. 3).

o=, 4F 5 27] Ag7lof sl 18 hojlA]
9] Q= Ae] o] firol wet i< vio] 2ZF ol
A1) 7l HEkE HUEE sieick Qs A2eh of
ZHcontrol)@} AFX(indole)?] F-§-L(planktonic)
o[} Hio] @8 E(biofilm) We] 7iA|4=0] HSk= F5is}
Al vebeh 3R ARl sl violedEo]
e} S A2et A= Aol vt
ok Qs APsA] b tiTollile S35 4ol

Y/ A 2o 3t A 373
18 hr
2.0
* ok %k Hm Control
1.5+ ns = Indole 6 hr
£ B3 Indole 12 hr
S ook ok
S 1.0 —
(=2
(=)
© 0.5 ns
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Fig. 4. Biofilm and planktonic growth on indole
concentrations at middle stage (18 h).

9] 0.99] k= ghell 0|25 0, Q=S A =g AY
Tolits SFE ol A9 0.1 2o WERT v
ghdo R, Ff<H(planktonic)oA] thxatr} ==
Aefgh Aol S8 kel fofut HslkE Hel
o} QIEE AeehA] o2 tiRdte] FEE 2 A9
1.50f] =atgl oLy, lsS Aefgh Adate] S8 4t
< tF 1.0 Heloll A3t F-f-(control)o]u} Hio]2.
A& (biofilm) W] QIEA 2] At W2 4% gk
AL| ZJol7} YA gz AR Hof QK59 A2] ARRS
A Fa5HA o5& Uehdlith(Fig. 4). &A14Q1 ks
2= P. agglomerans w-2] 7|5 & (population
control)of| T Hlo| @A FAJS HEEIH= A&
LERHTE

A ERROA AR HEeE o] E. coliof| Ao ngE
9] 254 & (motility regulation)o]] THoI5}= Thalzl

FIFR= GARe] AHMIHA, yecePA)S vlol o
= A Hl ol FTMAIFE O, M2 W] QlE
T A S] AT FUgE Hlo|Eo A9 LAl
=S FY2 Hlo|edEY FAeS oPEH(wild
type) 2] E7H4] SJEAZtDomka et al., 2006). ©]
et Aiks Foehd, @A) Zuk= P. agglomerans
ol Q=S| U2 Al FiAlE S B9
QLS AL UolrbA st Aol ok Hiol e
W9 AAE IS HAET B4, Bl
P2 =S Tl 9 ol mdelof
oujgitt.
21=9] planktonic AJEjol| 4] bacteria 4§74 AA=

ol

[

-

oo ol o
o dlu

o

-
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Fig. 5. Colony forming units (CFU) of planktonic and biofilm

on indole concentrations at early stage (8 h).

Table 1. Biofilm proportion rate (BP) against indole

18 hr
431099 gk
— H Control
3%109 = Indole 6 hr
TE' B3 Indole 12 hr
=
D 2x10°-
© ns * %
1x10°
ns
1
planktonic biofilm

Fig. 6. Colony forming units (CFU) of planktonic and biofilm

on indole concentrations at middle stage (18 h).

Time BP control BP 1ndole Inhibition rate
8h 47.941 37.238 22.325
18h 25.856 5.109 14.150 80.238 45.270

k0. =t 243421 Xenorhabdus nematophil usof| 4] 2]
o283} 2RIt Sunder and Chang, 1993). ©15 %
sfo] Q19| P. agglomerans Hlol a5 4% A7}
A g 2700l o Wt ARt FHHA o] =dst
A Fste] vlo| o E o] A= ER| k& ZAolet

3.2, CFUE Stt 2IE2| Ys0l| WE H0|REE

o
LHel JHAl Blw 24

ne)

A S0 WskE Fol EAsII: 1ev g
e 7Rk = Aol v a1k Thlo] EAjRE
Atk Alte] qhdo] ofHrk= Zloltk. ofegh
=-235]372} Colony Forming Units (CFU)E =¢]
A5 S8 1E9] A2l [ wkE 7iA)
HHSk= S8 2 ARt 23S E I 8 hagjofA
|4 F-8<H(planktonic)of| 4] Tz control)
Q1= A7 AFK(indole)ol A 9] 7Al= thzwto]
L4v A% =9} Wi vlol e AE W

thtat Agktol| 9] A= Zoldo] UehtA]|
UATHFig. 5). 18 hA AZolxl= Ffi<tt Hioled
5 We izttt gl A2 Aetollxe] 7iAle= Hat

I

LHT o
d

)
filo
H

Koo A
0%
nﬁl

o X
ot
s
v
12

o

S AP]Rt vt} of 10u] o) =3kth floflA gt
e} Zho] At Aol A= QlEo] A2 AR 7HA|
= Hole] Fadt 8qlo] opde HofF=qtk(Fig. 5.). A
0] AN} S 1A A Aol mARE Xjo)
7F EAEA] e 2ttt Qe A 2eE AdolA
7 7B A 2l

theo g, gizatdt QIS AH3s e biofilm
proportion rate (BP) @ #|3|&(inhibition rate) = %
= 9 A 2ol S Tk otk A B
(8 h 9 18 h) Q1SS 718l 521 ul BP7} 2145ie)
o} 8 hefsic} 18 hofl ujo] 9 BE AJshge] o 2 4L
RIS 4= USIcH(Table 1). ©]72 Hiol2BF2| F4
z210] 7Aool HlshH, LAet e olde] Tl
of =S wf Hio|eAFO| Ayt vehdths 2
HojEe) Hio] @ -F0] G4 AlolE> A 5 HAI=
et v ok i Alete] AR F2E Al

S W THol B H), vlo] o WS 4, 3xAl0]



[¢

e Sl gt violeBE A, aElAL AR
TR the F Allate] WEelth ofefdt vloleEE

9] F=21 & inducer) 2= FFALE], AESQ, pH, o2
73, ARARERQE 2% o] It O'Toole et al., 2000,
Rabin et al., 2015; Hall and Mah, 2017; Koo et al.,
2017). npgEo] Hio] 8 E-E FAJsk= ol s
2 HpEAtolof| AT AgUAle| A Bl A7 52 A
SgHslo] A3k e 7L Sl 9
5749] e a¢l o] wet vio] e g Fo
s, P4 Qe ekl 1 /AR
oA ol e T E-2 3 dslar AR FF
FARS Adslebl gkt 2
7RG AR Ho] $& BHL HolA oj5at
tH(Hall and Mah, 2017; Koo et al., 2017). E3L Ao+
o] ¥t a7 5 AFE T TAol BT 4 e ol o)
oFst ERItAF 7 2(different metabolic pathway)2} -3
AskA o] 5K genetic rearranagement) THEO]
. ol2fRt A3 R84 F SR HEEE0]
|30l ZHASHA| pEsHAL EgtozA] S
of] ARt A= ofFslo] RSk WiAHUZH, E
Shths S FRHIAUZ O R A7t -g-3dsto] 27
S} A|3E 7 AR ARgo] SRIEAL KAl ofsf) aA|sE
Heoll AzFslal ARUEE F/deii Aoz e ie
&HA] ok A7 == Aotk Solano et al., 2014;
Roy et al., 2018). U= =0 2 ZX)5t =k 9lo
L, oS Hlo] 8 50] FE= EASH=T] ol= Al
oAl 7P BEA A4 Feljolm, et B gl ofsi
A Bk wizfe] AruyAeld B ozl HEEe
24 = 2S JAISIAL AL ol ThAl 24
= Alofsto] A E A I Alat] ofeke: Fofsiar
It (O'Tooleet al., 2000; Solano et al., 2014; Hall
and Mah, 2017). whepx], @xje] k= ks A2]of u}
& P. agglomerans «=2] 7|l 45 Zefioho 2
Hlol e A Fdso AR 2s AXIRIT &, vt
oleFF 7|t ek FAell Qlof dl==4 vi7ie] AR
YAl F5l, 78 eE 45 AAIsto] Ak
Aot that 2 Alofste] ARFUEIRA 77 Alto]
S ApehS Hola= Ayeial ke Hiol e
5 B/ Alo]Zol| HIF=o] K, AR o] Ak Ff Al
O] A F2h Ao 3 W Aol 54 HH7t
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A= 7Rsstelet B, S5 pl de] asol
ol ol

3.3, RUx} sl S5t QIEQ| P agglomerans®| HIO|
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Fig. 7. Gene expression in early stage biofilm against
indole.
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Fig. 8. Gene expression in middle stage of biofilm against
indole.
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