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Solid Phase Synthesis of N-(3-hydroxysulfonyl)-L-homoserine Lactone Derivatives and their Inhibitory
Effects on Quorum Sensing Regulation in Vibrio harveyi. Kim, Cheoljin, Hyung-Yeon Park!, Jaeeun
Kim?, Hee-Jin Park’, Bon Su Lee®, Yusang Choi’, Joon-Hee Lee’, and Jeyong Yoon*. Department of
Chemistry and Chemical Biology, Rutgers, The State University of New Jersey, NJ 08854, USA, "Bio-Max Insti-
tute, Seoul National University, Seoul 151-742, Korea, “Environment Group, Samsung Advanced Institute of
Technology, Samsung Electronics Co., Yongin 446-712, Korea, 3School of Chemical and Biological Eng., Seoul
National University, Seoul 151-742, Korea, *Department of Chemistry, College of Natural Science, Inha Univer-
sity, Incheon 402-751, Korea, and *Department of Pharmacy, College of Pharmacy, Pusan National University,
Busan 609-735, Korea — The inhibitors against Vibrio harveyi quorum sensing (QS) signaling were developed
by modifying the molecular structure of the major signal, N-3-hydroxybutanoyl-L-homoserine lactone (3-OH-
C4-HSL). A series of structural derivatives, N-(3-hydroxysulfonyl)-L-homoserine lactones (HSHLs) were
synthesized by the solid-phase organic synthesis method. The in vivo QS inhibition by these compounds was
measured by a bioassay system using the V. harveyi bioluminescence, and all showed significant inhibitory
effects. To analyze the interaction between these compounds and LuxN, a 3-OH-C4-HSL receptor protein of V.
harveyi, we tentatively determined the putative signal binding domain of LuxN based on the sequence homol-
ogy with other acyl-HSL binding proteins, and predicted the partial 3-D structure of the putative signal bind-
ing domain of LuxN by using ORCHESTRA program, and further estimated the binding poses and energies
(docking scores) of 3-OH-C4-HSL and HSHLs within the domain. In comparison of the result from this mod-
eling study with that of in vivo bioassay, we suggest that the in silico interpretation of the interaction between
ligands and their receptor proteins can be a valuable way to develop better competitive inhibitors, especially in
the case that the structural information of the protein is limited.
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(HSL), Vibrio harveyi
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Fig. 1. A. Parallel solution-phase synthesis of esters and B. Solid phase synthesis of N-sulfonyl-L-HSL or N-acyl-L-HSL. a) DIEA,
HOBt, BOP, NMP, 25°C; b) 20% piperidine/DMF, 25°C; ¢) DIEA, HOBt, BOP, carboxylic acid or sulfonyl chloride, NMP, 25°C; d) THF/
IN NaOH (1:1); ¢) BrCN, CF;COOH,CHCI3/H,0, 25°C [27].
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Table 1. Log P (partition coefficient) and volumes of com-
pounds used in this study.

Total Tail Log

Ligand Volume® Volume® PP
H
Al e 159 26 138
0 6 OH
6a ?N “«/\NO 258 125 164
Fo ouH
"o
6b O?N\g/\/m/\ 240 100 0.01
& & on o
o
6c IV N 297 146 -0.26

6d O 167 26 138

5] I oy
Ho
6e OQN%/\A;, 164 39 085
6 O OH

H
O
6f I N-E NS 203 83 092
o

6g Q}N /\/\N%\/ 219 116 -0.17

Ho
6h e} NI 142 74 1.05
A §/V\SH
0 o SH

9 Volume in A3,
Y Log P values were calculated from SYBYL.

Holxj= whyst A2 FA3I%EH13, 16]. BE A ELS
aminomethyl polystyrene(AM PS) resin® 2 F-€] 63%¢]| A]
73%9] &= FZ3195H6a(70%), 6b(72%), 6¢(64%), 6d
(73%), 6e(71%), 6f(70%), 6g(63%)], 6h(67%), AI(73%)].
A E e F87RE GOC/MS EAH (Micromass
Autospec-Ultima OA TOF GC/MS, UK)[11]¥} 'H-NMR
spectroscopy®. &3} th(Bruker Avance 400 WB, DSX-
400, Germany)[28].
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Electron Co.)$} spectrophotometer(HP8452A, Hewlett-
Packard)2 600 nmel|l A A3 5, o8] o-& AT AH
luminescence®] 7+EE ODgy ZH2-E £ 5313} lumines-
cence/ODgoo(RLU, rtelative light units)Z. FA| 5} EH1,
21].
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D A7l "]"9‘3]'9&]‘:]'(Flg 2). o] FA 2135 A4
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[20], o] & 7|42 FlexX T2 18-S £} Fig. 19 AA|
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Table 2. Binding energies (docking scores) in the best-docked
structure.

Ligand Binding energy (kcal/mol)
Al -3.75
6a -8.03
6b -8.16
6¢c -5.48
6d -8.76
6e -7.28
of -4.95
6g -5.91
6h -5.08

HAQl LuxNell 3-OH-C4-HSL#} 7202 733k 23
QSE Asligt A o= et}
LuxNe| &5 Zgreelel 7=
A. tumefaciens} P aeruginosa®] acyl-HSL 58] ha)
A<l TraRe|Y} LasR#}= G2, V. harveyi®] LuxN-< 4%
Te]] £2)31= kinase/phosphatase®|©H9]. 18|22 LuxN
o] ARbFEIE b A A Yokl E By-eta o
LuxR-type =84 bzl a}= gro] o} F-22 712 7] o]
g FAE 4 gloh. a2} 3-0H-C4-HSLe] acyl-HSLo]
2= AellA, LuxN®| 3-OH-C4-HSL 23} $9)7} LasRovh

Conserved Region
Fig. 2. Alignment of the amino sequence of LuxN (gil1708883), LasR (gil1559662), and TraR (1L3L_AIPDB). The conserved region i
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Fig. 3. In vivo QS inhibition by compounds synthesized in this
study. The luminescence induced by 1 uM 3-OH-C4-HSL was set
to 100% and the reduced levels of luminescence by adding the
compounds were relatively presented in percentage. Al(autoin-
ducer), 1 uM 3-OH-C,4-HSL only and others, 1 uM 3-OH-C4-HSL
plus inhibitor compounds at the indicated concentration.

pekga=!

TraR¥} & acyl-HSL 84 A59] acyl-HSL 23

9o FiHom AR Aoletal (e 4 gllet. LasR
3} TraR®] acyl-HSL 23 7917} o|n] A 9l7] wizell,
LuxN¢| oju|:xAl M-S LasRe} TraR®] acyl-HSL A& %
e} Mz vae ok of, e REE F9E U
78 4 9l B2 (Fig. 2), ©] F-915 LuxN®| 3-OH-C4-
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Fig. 4. The putative structure of the LuxN signal binding pocket (A) and the best docking poses of 3-OH-C4-HSL in the signal bind-
ing pocket (B) from the modeling study using the FlexX docking program.

HSL 23912 431500}, o] #-9)= Nxdwke] Hx=t 2
g F-2](from 1% to 301* amino acid)®} C-2%t kinase 5-
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AR At FRE RodFr), F 9] T (small and
large pocketyg 7}zl AHF- 22 F2E 7FA™, small pock-
et Serd435, Glud38, Iled39, Asnd75, Pro476, Glud79,

Asp503, LeuS042.2 E2] &e] 9)3L, small pocket HF*HH
o] 123} large pocket> Leud12, GInd15, Vald42, Leud46,
Leud65, Iled469, His471, Glu472, Gly507, Ala510, Ile511
22 £8 %o 9loh. ZE pocket®] & ¥ 47770 3L
large pocketZ small pocket®t} o] 748 A4S W),

LuxN2} 3-OH-C,-HSL ¥ EMESo| Zg SEl
Fig. 4B)= FlexX ZZI3-& o] 43F P03 ozl

LuxN3} 3-OH-C4-HSL Abe]2] A A3 HelE B
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Table 3. Distance of hydrogen bonds between ligands and key
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residues (A).

dl d2 d3 d4 d5 dé6
6a 2.75 3.02 2.92 2.95 2.85 3.18
6b 275 3.02 292 2.95 2.83 3.19
6¢ 2.75 3.02 2.92 2.95 2.83 3.18
6d 275 3.02 292 2.95 287 319
6e 2.5 3.02 292 2.95 2.86 3.18
6f 2.75 3.02 2.92 2.95 2.85 3.18
6g 274 3.10 3.35 2.87 3.11
6h 2.75 3.02 2.92 2.95 3.18
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27153 37)2] —r{f.éf{}(lactone head®] carbonyl oxygens}
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< A= A, E4, acyl tail FE2 large pocket®] 7
{ﬂ 4254 F-9E kR gle], 79 °}”]h"& A &3e
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Moz whed 4 Add+.
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head¢} sulfonamide bond body7} 413 ZA&F-4Ae] 4 o}
UL‘L"} 7157 FAATE SRR ook, Bk il
BB 237 50] A9pAlo] 748 large pockerl] M 3] 1%
g 5 de=A] HARE _71:%}?'5}93\5}. 1 73}, Table 37} Fig.
5, 6014 HedRl= X, 1) B8 IE<] lacton head”}

Fig. 5. The best docking poses of Group A compounds in the signal binding pocket of LuxN. Some residues were deleted for clarity.
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Fig. 6. The best docking pose of Group B compounds. (A) 6d, 6e, 6f, and 6h. (B) 6g.
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ol 6he] ZdolvAi= 6er o) gkt

[

1

2 A7elME V. harveyi QSell Wt A Z-g A A S AN
W3l7] $13}ed, body H-3o] sulfonamide 2322 W35
a2, oekst 729 il - AWE e HEES 1
A 1A E AT F, o5 =TS AA in
vivo QS A3l E35 SAslal, ek A el LuxN
o] 34 AzAF F9lee] Ag el W ANAAZF in silico
227 B3 23 o)FA Yo &3 A
TEE viEe g 7t 3R] 7R e ME o2 Hallsg A
Bataat shoiet. E AT Alxsl BE IRMEEE, Y

21 354Q] 3-OH-C4-HSLET} LuxNe| 54 2135 A4
o o A3kt AME A 5 3le], v W AR E
HolFglom AAR in viveell M= F& AeHS Kol
o}, o]= mHlgl o g dofx] ZHFblvI | (Table 2)¢} in vivo
A&l (Fig. 3) Ateloll 94 A= AT -5 2vlgid.

Ao, B Q7ge 7d=] Q78 53 g2 7=
ABZE 7|9k 2 A, tumefaciens®] TraRe} P aeruginosa®
LasRe] #43-E Aslsls QS AA|E L3t vt alet14,
15]. TraR¥} LasR®] 7%, XAl AATH AF2HE ol&
chizl 2] 215 A9 ARATZe| Higk ARE 4S
4 QovH3, 271, V. harveyi®] LuxNe| 749 of2{q 4
2tE7 Barg vl ¢, LuxNe] TraRe|v; LasRI= o
= epe] o chAlo]7] wiiol|, gj7H=-LuxNzt A AkE-
FAL 917 DE e in silico REAE A7)7F wi-¢
9ot 2, Al QS AsiA RS fld ALY, e
A 7o) dgleg E o)AM= LasR, TraR¥} LuxNe|
F-5A op|ieAl Md FAMI S ZRE LuxN® A5 A
A2 A, 2 B9 T2 AATEE 79ReE n
silico R3S $8ste] ZF=LuxN 7k} Absakgs) o
23 el 2 oA E BAsRe A2 AT skl
ol2lgt upg- ool A =8 uprh ot £ A7HE acyl-
HSL 728} in silico 2ol 714kt QS A s)A] 7ol
&t o)A A7 AFPLEZHRE, o}F Akx} F2I} &EiA|
2 2 gA chiAle)] Hgk Aeake- delRs A2 A
WA AEEH B A7E sl £ ATl A=
2 B 3RS0l in vivo oA 2mIolE QS AIHE X
g Foih= Hol|A, o]efgt B A7rt 53] 484
Wale) AbxlTE AR AJgHA Q] 73l Bt 2 AAA

AR A ZE18)E W el=hal & 4 8l AelH

td

o oF
L =

Vibrio harveyi 3 A7 (quorum sensing; QS) 4134
of] Higt Al Eo] F A1EEAQl N-3-hydroxybutanoyl-L-
homoserine lactone(3-OH-C4-HSL)®] BA} 725 W33l 2]
g 7d=lglet. d=de) 7= M3 A EQ] N-(3-hydroxysulfonyl)-
L-homoserine lactones(HSHLs)E2 XA A #7|3HAdH
(solid-phase organic synthesis method) 22 A=At o
EA59] A HZ A Aol V. harveyi WHE o]
43 bioassayE systemel] ]3] FA=GE o, 2 2Jvis)
= A EAE BT} o] 45 3-OH-C4-HSL -8
A whM Aol LuxN Abe] o] A32H8-& £A4317] 913}
LuxN&] 413 23 %45 & acylHSL 243 = a &z
o) frAMAel 7|23t Al@AH oz ARSI, o] FA Al
3743 F9)9) HEH ARFES ORCHESTRA program
& o] 83} AIE3siom, o] -9 WellA] 3-OH-C4-HSLo}
HSHLs®| 23 e} AR5 AAkslsdet. ol8lA e
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< 53 do37 Aol A W bioassayS T3] doixl 2
o) vimE B, 8A DA 7 27T Ajele] Abs
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3 A7} A Ao Heh ke AshA e $ig
83 el I 5 e Alka,

INERE

2o

2 ATE I Y A e iAo g A
R IR FAME; 102-081-067)0]9, 200995 A2}
Frlei)e] Aoz sEashAge) Y-S el £
A7 @A F2HE; R0O1-2007-000-20732-0). E3} o] =
T8 20079 AHF-@EMARIR)] Aoz s=etea]
A A9 ol aE A7 @AM E; KRF-2007-
331- C00222).
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