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Detection of a Quorum-Sensing Inhibitor from the Natural Products. Kim, Tae Woo, Ji Young Cha,
Jun Seung Lee, Bokkee Min' and Hyung Suk Baik'. Division of Biological Science, Pusan National
University, Busan 609-735, Korea, 'Dept. of Biomedical Laboratory Science, Eulji University, 143-5, Yongdoo-
dong, Joong-gu, Daejeon, 301-832, Korea - The quorum sensing (QS) regulatory network has been the
subject of extensive studies during recent years and has also attracted a lot of attention because it both
positively and negatively regulates various putative virulence factors, although initially considered to
be a specialized system of Vibrio fischeri and related species. In this study, to identify the novel materi-
als which inhibit QS system of microorganisms, extracts of eighteen natural products were tested by
bioassay using N-(3-oxohexanoyl)-i-homoserine lactone and N-(3-oxooctanoyl)-i- homoserine lactone
synthesized in this experiment and an Agrobacterium tumefaciens NT1 biosensor strain containing a
tral:lacZ fusion. The result indicated that the extracts of cabbage, leek, and onion exhibited the QS
inhibition activity. Thus, materials contained in the extracts were isolated via recycling preparative
HPLC and were purified via a JAIGEL-LS255 column. The common fraction corresponding to a peak
of the 83 min point of them quenched the quorum sensing of A. tumefaciens NT1 biosensor strain in
ABMM containing X-gal and was designated quorum sensing inhibitor-83 min (QSI-83). The QSI-83
exhibited the heat stability and did not inhibit the growth of A. tumefaciens NT1. Furthermore, thin
layer chromatography (TLC) results suggested that these novel materials may be antagonists of N-acyl
homoserine lactone or may inhibit the QS autoinducer synthesis by Pseudomonas syringae pv. tabaci.

Key words : Quorum sensing (QS), N-acyl homoserine lactone (AHL), Pseudomonas syringae pv. tabaci,
thin layer chromatography (TLC), recycling preparative HPLC
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lase, lactonase 84S 712 = A4 E o] &3] Ea)sls uy,
TAFH 28 7R 23 BAL o) &3] A3 E wEAY)
= WY Fol AJMHAUHN17]. AHLE Edsles a4E

Bacillus % A9 aiiA AR 93 Bdgo] Folxgle
9, o] giiA FAAE A ZIAAE 1 QS & WY
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P. syringae pv. tabaci (ATCC 11528) 75+ King's B #j} %]
(Peptone 2%, MgSO, - 7H,O 0.15%, KoHPO;4 0.15%, Glycerol
1%)E AH8-3te] 30°Coll A mjF3tAL[9], Q& &Q18}7) ¢
3 AL&E XAl #FFQ Agrobacterium tumefaciens NT1&
ABMM #} 7] (Mannitol 0.2%, Solution A 5% (v/v), Solution
B 5% (v/v))E& AHE3te] 30°ColA wj ksl Ti{14]). ABMM
v x| A|ZA] A3 Solution A (K;HPO4 6%, NaH,PO, 2%)
¢} solution B (NH,Cl 2%, MgSO; - 7TH,O 0.6%, KCl 0.3%,
CaCl; 0.02%, FeSOs - 7H;0 0.005%)= Z+zt 13bd #(110°C,
20 min) o 3H7}st A

HHSEREH AR £&

187} LL%(%Ur 1F%, B3, vhE, 240, Yy, %
w3, 5, 3, v, s, 8, A, A, vhe A, 13,
B2 3g, e 34 SRR *ﬂ W A st FEHls
o Z2ke] AAE 50 goll 150 mlY) 33} FFHFE F7181
748 A (mixer)Z 108 T E4F g 48X 59
AAANAT A5AS Whatman No. 1 722 33 ot
& YAEE(18,000 xg, 10 min) S}PTL, I AEAL r:w
0.20 pm pore 27|18 ¥ AAA 2 A7} F T} &

ARzt 223 A7 3 3% FF5E F7keto 5 mli
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ol o bioassay A|E 2 AHS-3lH T o] T QS A3 7]
o] &d&lF vl 4% YRTOZ AME-FFTH3]

off Jk

N-acyl-homoserine lactones? 2I8td &y

N-(3-oxohexanoyl)-L-homoserine lactone®] ¢4

Dichloromethane %[2 mM carboxylic acid, 21 mM
4-(dimethylamino) pyridine, 22 mM N, N-dicyclohexyl-
carbodiimide, 2 mM meldrum’s acid]-& A% & &, o3 3}
e AR AAE N, N-dicyclohexylurea® A A3t
Um A &AL A F2718 AHE-etd d2AIZ th eth-
ylacetate §o =o]3, 20 ml¢] 2 M hydrochloric acid2
AR 1, 74 MgSOE AMg-dte] §9& AR
71 e &3 o o} g E meldrum’s acidE 4¢3, 30 ml
9] acetonitrile2 37}31 €Ao] 1 mM -homoserine lactone
hydrochloride9} 12 mM trithylamine g 4]-& o1& HL&4)
A 2417 FoF wuketa A1 ¢t AhEE g S =
BHE T 3 AAEL ethyl acetated] 3¢} ¥3} sodium hy-
drogen carbonate §93} 1 M potassium hydrogen sulfate
£, 181 ¥3} sodium chloride € H A £ANE A H
ST B4 MgSO:F ALl $918 AZAA crude
product® A H11].

N-(3-oxooctanoyl)-L-homoserine 9] $4

0°Col A 20 ml¢] dry dichloromethaned] 1 mM r-homo-
serine lactone hydrochloride$} 2.4 mM triethylamine g 4
o, 247} 30% 59 584 wwtek t-8- 1 mM alkanoyl chlor-
ideg Wi ALolN 447 o TEYT. Sohe SN
7131 R EL ethyl acetateol] =of z+zhe] 20 mle] ¥ 3} so-
dium hydrogen carbonate €937} 1 M potassium hydrogen
sulfate §4o2 T HA AFHsl3, vlxHoz 10 ml
brine0 2 ¢ W AHs}Gt}. T MgSOE A&t AxA
7] T ethyl acetateE A A3}2 crude productE A TH11].

Quorum sensing bioassay

A. tumefaciens NT1-& traG:lacZ geneg 7RIl 9101 A )
2] Weoll universal AHLs &4 A] Q5 %3l lacZ geneS &
A% F JuH4] Wty HEE FEEEL A tumefuciens
NT13} g4 ¥ AHLs 18] X-gal& ¥¢3}= ABMM wj =]
200 plof F7¥sta] 24417 B<F 30°Coll A Wi FE ¥ QS A=
g W4 sEoR Fasgt

Prep-HPLC

QS A AAE Role FEEENAM QS AA FRE

& E837] 93} recycling preparative HPLC LC-918R
(]AI, Japan)®} JAIGEL-LS255 column (JAI, Japan)S 53}

A &2¥ peaksE& A1, Z peaksd] HFse EFES
RI-50 detector (JAI Japan)E Alg-3to) Z4z 83 4439
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o £ FR2EL FAAZxNY 2T 3% 3
F& F7138le] 43 1 ml2 =4 biocassay A3 o] /\}%3}%3}

g oHdd Al
QS AsjAle] & 44 FAL A NEEE ngdF
(121°C, 15%)3}e] &= W& bioassayo] 2&3}%c}.

MiZ 430 0jX= Jgk ol

QS A A} A B wAe e FAsr] sl
A. tumefaciens NT1 R P. syringae pv. tabaci 452 Ztz+ QS
A sol vdehde FE9 QSI83d g7l e %200
rpm) 3tATH AT EE AL Al gA L FAAFY S ALE
it AdrE FA8%.

Thin layer chromatography (TLC)

P. syringae pv. tabaci 4FE 4 F47|74A Agu)f
¥ A2 (22,000% g, 5 min)3te] A5 NS AU A5
3 FF 599 ethylacetated A& F 941 &2 (22,000x g,
5 min)ste] 5 ATt 3} centrifugal vacuum vaporizer
(EYELA CVE-200D, Japan)& A}-8-3] dz3dth o224 J
A3 pelletg acetonitriled] 5o TLC A|Z& AL&3 Y}
A& & Cis reverse phase TLC plate (Merck, Germany)sj] 1
uE HHste A2 F AASAS A4 e Ve
3 E& 6040 (v/v)2.2 EF3 ALgstgTt vg Zu@
1.5% agar plated] A7|¥ TLC plateE &#¥ i 1.0% agar
£ ¥3sHE ABMM 5 miE 19Hg#(110°C, 20 min)a}e] 50°C
2 N3 ¥ A tumefaciens NT1 v %<} 1 mls} gentamycin
45 pg/ml)# X-gal (50 pg/ml)& ¥-& F TLC plate $j9j
EFS0T £79 plate= 20X 587 Fo] 29 ¥ 30°C
oA 24412 v FshgleH14]

2

HHE FESE9| quorum sensing Aol &4 &0l

% 187149 HAE FEESAXN QS A3 E4& &<
37) 98 QS AAFFQ A. tumefaciens NT1% F4H QS
autoinducer7} 8 ABMM 8] 2}(50 pg/ml X-gal E3Hdj
Zt FEEES 718k 30°Coll A 24A1 7 B2t W3t
3 AFFig. 1), 71E QS A3} EA4o] ¢ A vfE& X-gal
ool o M HE el doka £G FulF, o), &
39 FEEAXNE A W E JehiA] gsich wet o g
HAE #2250 QS A3 4& 7HAv1 gt

Prep-HPLC ##&1} quorum sensing A&l M2 J|%]|
= 2829 &5

Prep-HPLCE AH&-3ta} QS A3 &4Jo] 1| i+,
Fste] 22BES 2Hakch Prep-HPLC A3 (Fig 2)
€ Al 7HA 32850 27 b AEEY EFEYS YE
3 glom, 838 AHAM 7HF & peakZ Ve AE
TY3 1 7}7‘] ARt =AY FYEE T od Ao
QS A3 4& 7HAeA &R187] 93] 7 peak ¥ £ &
< Q5 bloassay AR A&t o1 AA(Fig. 3), 7 F
ZEE 8% A4 peake] Pz £ FHEE0 §
U3A P. syringae pv. tabaci®] QSE& Zﬁ}]%}ﬁi &g &34
t}. webA] 838 A A9 peako] P FHEES
quorum sensing inhibitor-83 min (QSI—83)2§ o]l Ego
o, o]& MEL QS AHAZ Attt

v

o £

f ﬂllﬂ

QSI-839 & oHHA U NI A0 O|Xl= A 2ol
QSI-839] FMAAE FRIs] Y3 1 AIEE ngEd
8] bioassayel]l 8354tk 1 A} (Fig 4) 50 pl o]4}o] 3

10 1 12 13

15 16 17 18

Fig. 1. Identification of the inhibition activity of the extracts from the natural products. A. tumefaciens NT1 was inoculated into
a bioassay medium containing X-gal. AHLs synthesized chemically and natural product’s extracts were added into the
medium. The cultures were incubated at 30°C for 24 hr. The circles indicates none of color-changes in the medium. Lanes:
1, soy-bean paste; 2, broccoli; 3, dried shrimp; 4, garlic; 5, squid; 6, brown seed; 7, red pepper; 8, banana; 9, carrot; 10,
fruit of Imowiczia chinensis; 11, sesame leaf; 12, sea lettuce; 13, radish; 14, cabbage; 15, onion; 16, red pepper paste; 17, let-

tuce; 18, leek.
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B. Onion extract
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C. Leek extract
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Fig. 2. Prep-HPLC results of the extracts from natural products.
A, cabbage extract; B, onion extract; C, leek extract.
Prep-HPLC was operated at a flow rate of 1 ml/sec for
120 min retention time.

Fig. 3. Bioassay using the prep-HPLC fractions of each extraction. A 150 pl volume of each representative fraction (based on re-
tention time indicated by number below each well) was loaded on the 96-well plate containing a 150 pl volume of the
bioassay medium containing A. tumefaciens NT1 biosensor strain and X-gal.

7HERE o QS A Ao AL FUY 4 Qo=
£ ol& QSI-830] Hlwa go HFFS & 5 Aot &,
bicassay A3 ] An7} QSI-830] 7 & ANFFY AR
A a3} HEAANE #13}17] 915te] bicassay Y Fof
B FY ol A tumefaciens NT1¢] 758 2A3 Q. 2
23, QSI830l AA#Fe AFE AshA ggtri(data
not shown).

QSI1-832 quorum sensing Xslls &l

AE BT P. syringae pv. tabacie Q5 autoinducerss
N-3-oxohexanoyl-i-homoserine lactone®} N-hexaonyl-i-ho-
moserine lactoned] 93 i/l =< QS A29E 7MA1 ¢
oHe). QSol thdt Hdg AFE FEA L4y #dE
SHEY 247 29 F2E VI5E BINEE Posy-
ringae pv. tabaci®] QS autoinducers A4+ A= A7 o
94 Aojz 4249 + Yok w2bA QSI-830] A EH AT
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Fig. 4. Identification of the heat stability of QSI-83 isolated via
prep-HPLC. Bioassay culture was mixed with 1, 50,
100, 150 pl of the 83 min fractions isolated from cab-
bage, leek, and onion, respectively. Distilled water was
used as a negative control. Other details are the same
as in the legend of Fig. 3.

QS autoinducer ¥4 ojw g FFE 7|X A LolruA}
3tH T} P. syringae pv. tabaciZ QSI-830] H7tR Bl
HAE3a 30°Col A 244 2H5 < vl ¥ F, AHLsE $23}
o TLCE 434} Fig. 59 2o] %, 3, Fsh2 2
Qo Zzte] QSI830] A7HR WA A AE P. syringae
pv. tabacie QS autoinducersE A ¢ §AdA £Ie &
At} o]= QSI-830] QS autoinducerse] FAL As|ste
245 S 848 F3 9k o] TLC 4 QS auto-

A B

Fig. 5. Inhibition of AHL synthesis of P. syringae pv. tabaci by
QSI-83. TLC was performed as described in materials
and methods. Distilled water (lane 1) as a control and
QSI-83 samples of cabbage (lane 2), leek (lane 3), and
onion (lane 4) were added into King's B media, re-
spectively, and the media were inoculated by P. sy-
ringae pv. tabaci.

inducers®} )7} QSI-83¢] 9§ 34 E AHLse] E3o] 9
g AAJAA A5ty A3 +5€ AHLs3H QSI-83& T
0.2 4]o]A] 30°Coll A 242 51t AR o TLCE A
# bicassayE 438 A t}(Fig. 6A). £ A2 QS A& A
9| P. syringae pv. tabaci®) A L vXEAE &9l
3171 flste] gt Hrg §F wgste T AR FAE

0D,,,

10 20 30 40 50 60
Time (hr)

Fig. 6. A, Identification of the AHL degradation by QSI-83 isolated from cabbage (lane 2), leek (lane 3), and onion (lane 4). Each
QSI-83 was autoclaved at 121°C for 15 min. Distilled water (lane 1) was used as a control. Other details are the same as
in the legend of Fig. 5. AHL was not degradated by QSI-83. B, The growth curve of P. syringae pv. tabaci. The QSI-83
was added into a King's B medium inoculated with P. syringae pv. tabaci. The medium was incubated at 30°C for 48 hr
and bacterial cell density was estimated at ODgy using UV-VIS spectrophotometer.



2438t 9 tHFig. 6B). 1 A3} QSI-83& AHLsS 23317 ¢
o, X Ao o|dt aAE v g,

o #

&< quorum sensing (QS) A|2do] HYUA Mo B

4 AR HEE xAso] FQAHWAM[14,18], ATASY #
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< FAstAch 2 AR prep-HPLCS} column &
Zﬂe oﬁﬂ T3 AL QsI832.2 X3 Att o] QSI83L
JAI prep-HPLC library Jol= EA312 e NEAZH
g Aol =2 ‘:'7.‘—-l°‘£ A% & YAtk 281 QSI-83
< AAEF9} A F HHFQ P. syringae pv. tabaci®] Aol
FFS 71X A ‘”JE} 3 QSI-83& AHLsH F#og &
ot F-2olM 244 7F B9 HHSA7 F TLCE 3 89
g A3} AHLsS B33t 84S /1A= acylase, lactonase
o Aol obdg AT 5 YU o5 AREL £F3A
QSL-830] P. syringae pv. tabaci®} AHLs®] 7284 (antagonist)
9 AFolAY 2R #§4E A= AHAY 7HsAol
E0 ol AAEE o] £ oA LS FEE G4
AHE 2 & glon, QS ASAIE o] &ste AT bio-
film ¥ Ao -45]' W, A4 F A8 MR EAE sdee
H &8l @ 22 449 Bets LCMS, NMR 5&
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FF AT FEAAN FEASA AT B d7E G4
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FEFE 7AA Fe 2498 FAA v fEe A
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