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Analysis of Amino Acid Residues Affecting the Activity of QscR,
a Quorum Sensing Receptor of Pseudomonas aeruginosa
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Pseudomonas aeruginosa, a Gram-negative bacterium, is an ubiquitous and opportunistic human pathogen, which
expresses many virulence factors through quorum sensing (QS) regulation. QscR, one of the QS signal receptors of
P, aeruginosa, has unique features that make it possible to distinguish QscR from other QS receptors. In the present
study, we focused on amino acid residues responsible for such a broad signal specificity of QscR. Thus we
constructed mutant QscRs: QscRr7r, QscRrizam, and QscRrsor by substituting 72" threonine, 132" arginine, and
140™ threonine residues with isoleucine, methionine, and isoleucine, respectively by site-directed mutagenesis.
When we examined the activity of these mutant QscRs, QscRgis2m failed to respond to N-3-oxododecanoyl
homoserine lactone (30C12-HSL), but QscRr721 and QscRrisor remained the ability to respond to 30C12-HSL
despite much reduction of the sensitivity. When we treated a variety of acyl-HSLs with different structure, QscRr721
and QscRri401 showed better responsiveness to N-decanoyl HSL (C10-HSL) or N-dodecanoyl HSL (C12-HSL) that
has no oxo-moiety at 3™ carbon of acyl group than to 30C12-HSL, and QscRgi32v showed no responsiveness to any
acyl-HSLs tested here. In addition, QscRr721 and QscRri401 Were inhibited by 5f, a QscR inhibitor as similardly as wild
type QscR was. These results suggest that while the 130" arginine is crucial in both activity and acyl-HSL binding of
QscR, the 72" and 140" threonines are important in the activity, but they are little responsible for the discrimination
of acyl-HSLs or competitive inhibitor.
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I% S44%) st (Pseudomonas aeruginosa)2 ThFt AAeIL 2Fshe I 52 FEE Ao E AT T2
t

ol EAE 5= gloH, AF, 25, AE, & 5§ HYY
AEA ) FEE 3= = A Fetolth(Page and Heim, 2009). 53]
Aol AlE B2 AR5 (cystic fibrosis) 59 TF7] AgolLt
;S 7H Aol A AP e dorH AARIANE
Z}, 9 &= o= Aaste HEd 7|30 Ed Hed o2 2
$ch(Page and Heim, 2009; Hurley et al., 2012). 50| A4
Bl= HEL 1R (virulence factors)ofi= &, 4%, lipopolysaccharide -5
7% HE 74 4RSI, B4 Sold AEE B4, 2%
Z2HokA, 884, rhamnolipid 50] 4=A e, olF Foll=
g dAE = AEE AR 3 Yol FaE wof] Sojdes
Udo] fEE= A= gon, ol2jgh HERIAES HdS
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2 o] AR gtHCoggan and Wolfgang, 2012; Jimenez et al., 2012).

U2 g2 AFEAE Ssdolz HEA Toshs g2
IZEo] HH Al A (quorum sensing; QS)ol2t= A|Z7HA1SH

o 77| o) 1 ddo] 2AEha &2 A frh(Fuqua et al.,
2001; Welch et al., 2005; Coggan and Wolfgang, 2012). 44|
2 QS 7142 A 7 AT EA, o] ok B, 1
231 o] & & 84 D dof 93 2 th(Henke and
Bassler, 2004; Welch et al., 2005). QS A1 ZEH-L Aol w2t
2 720} F57} o) cafelel, 19 R A% 2e et
o= £RE ATEAR AL, 1Y SRS YR acyl
homoserine lactone (acyl-HSL) Al€2] EAS 2 ARE-5}HH,
U w82 (Vibrio) =3 AWAHEES Al-2 (furanosyl
borate diester)2}= furanone A g2 EZ-L AL/ & dhth
(Fuqua et al., 2001; Henke and Bassler, 2004; Reading and



Table 1. Plasmids used in this study

QscRe] E4Joll G wIx| = ofnlicat 2] B4 181

Name Genotype References
pQF50 Broad-host-range /acZ fusion plasmid, ApR Farinha and Kropinski (1990)
pJL101 PA1897 promoter-lacZ fusion in pQF50, ApR Lee et al. (2006)
pIN105 araC-pBAD cloned in pBBR1IMCS-5, Gm" Newman and Fuqua (1999)
pIN105Q Wild type gscR in pIN105, Gm" Lee et al. (2006)
pIN105Q1721 Mutant gscRr7o1 in pJN105, Gm® This study
pJNlOSQRn}zM Mutant qSCRR1132M in pJNlOS, GmR This study
pIN105Qr1401 Mutant gscRris01 in pJN105, Gm" This study

Ap, ampicillin; Gm, gentamicin

Sperandio, 2006).

Vibrio fischerio| X A2 &2 23 2442 acyl-HSLo||
O3t QS AT ML, Luxl F-AF Tl o] o]3)) F/JE acyl-HSL
o] NlZEZZFE o]gste] ThE A2l A LuxR AL Tl of 9]
85 =H2 0 2 o] 20| A tH(Fuqua ef al., 2001; Reading and
Sperandio, 2006). 5-52] 7%, LasI®} Rhil2}= LuxI 5-AF Tl
ZEo] 9J3}| 212} N-3-oxododecanoyl homoserine lactone (30C12-
HSL)Z} N-buturyl homoserine lactone (C4-HSL)o| &2 A=
™, 30C12-HSLLE LasR¥} QscRo]#}=, C4-HSL-& RhlRo|#FH=
LuxR GAF TR Eof 2oJ&f| 212} 4~8%th(Welch er al., 2005;
Lee et al., 2006; Schuster and Greenberg, 2006; Jimenez et al.,
2012). T3t 2-heptyl-3-hydroxy-4-quinolone (Pseudomonas quinolone
signal; PQS)©]g}= acyl-HSLI} #E-5= QS A5 E2-S A4
s7|1& k=T, o] ATHY GA| HA| H59] QS uf¢-
293t 92 JFstti(Jimenez et al., 2012).

LuxR Fe2] QS A% =84 Tl A 52 N-Uho] acyl-HSL
I Agsts RS, C-Udo] E4 A% Z2r o &7
sk 5old<Q G714 gl 23 5= = DNA Z2FHHE 7
A3 Qlof, AT EA T AFste] &3 =H B f1xke] =
2R e Agtsto] AL FALS 2ATHFuqua et al., 2001).
579 79 C4-HSLI} PQSO] 9Jgh 413 e 30C12-HSL
o &gk AT AL 7)Ao ¢]&ZH 1|, 30C12-HSLY F =84
Sl % LasRe A% Z7]0f] 30CI2-HSLE 5-83ko] o2
WEQIAEE WHA 7|, C4-HSL 8 PQS ATHY 714L 2
A3} A]7]1= 9= gtl(Jimenez et al., 2012). T T2 30C12-
HSL =843 QscR o} 1 2ol 5-&3] 1= o] A
@O}, WA 7)ol LasR¥} RhIRE] S/ A8sh= 7152
gtk B 15910 m(Chugani ef al., 2001), ©]& QscRo] A}
Z © 2 PA18973} x}7] AHAl S-HAHPA1898) 9] wrdS 243}
= AA 24 9= 75tttk Aol W Ath(Lee er al,
2006; Lequette et al., 2006). 7] A4 QscR2 7]£2] t}
£ LuxR A A ST = EEE 5ol 4d& 7t
= Aol ¥5A B2 TS EHET, d7lde W2 AE
Z Eo]X(broad signal specificity), A&E23}9] 71924 A%t
(reversible signal binding), @A (monomer) 2 &4 50| At
(Lee et al., 2006). Z|9] A4 QscRo] A2 &5}
= AL 57t ¥ Ao, 2 sroAEe tE LuxR #

A SRASAY o|FA|(dimen 2 EXFti= AT, 7)o B
19 A Bt § 725HA 30C12-HSLy} 2gsta Qlhs B vt
2131 21 Oinuma and Greenberg, 2011), &3 3] QscRo] 30C12-
HSLo] opd th2 acyl-HSL¥} 233 4= 9131, 3 (folding)©]
ot Fo &= ThE acyl-HSLEI} 2| ko] 71531, acyl-HSL
ol Mol s Aol 4 9Leo] AAI|o](Oinuma and
Greenberg, 2011), QscR?| ThZ LuxR F-A} thill 2 3}= 2} 5
= 553 QS =84 Tl A Yo] FRl=E At

o] wjZo]l QscRE] o] H 3 EAZ 7H55HA stz £ 714
of thet B2 FAlo] Slof gkew, HT QscR 274 9] 32} 27}
g3 7] WEHLintz et al., 2011), B} 2429l A7} 7h55)
A FH3dck £ Aol M= QscRe 553 £ tigt 4 5

Z0] B2 93] QscRe] EA ofu] Al Z7]o EB0E &
Qo] 1 EA3} of ] thE £ acyl-HSLO]| thgt HE-A4S
23] Bokth oMo QscRY ofuiAt Z7jof] EAMO|E
=905t QscRY B0 543 I v|A= 27| E Fod
EAETE oW, 7|E Ate FE 4 REE W E e

2 3= A7) i th(Lequette er al., 2006). 2% Z7|
9] 7% dAIZ QscRY| &l Fastgon, EAHE do
A2 7 QscRO o] RE AT £ Aol
LuxR §:4} gl o] B@ So] S22 AO2 daehe @
B2E Rgachs, REwX) b W7o SRS Elte
24 T2 LuR 4} B0 57 75 QscRe] So|Hs]
290] F231) FE e oful Al 1718 BmA} shee.
Mz @ ey

AR 25 U i =7

2 Ao AH8H QscR @ SAHO| QscR TEH§ ZEtAn]
Y Az o]EF ol&F FxEH dF Axole WL
(Escherichia coli) ¥ % 319l DH5a (supE44 AlacU169(¢h
80 lacZAMI5) hsdR17 recAl endAl gyrA96 thi-1 relA1)7} A}
$/9Ick. DHS« 9 o] o|gsle] AZH BE ol I35
2 Luria-Bertani (LB) djx]e]A] 37C, 57|82 gl
Aot EgAnEE 7] 455 ARF R vigstr] Yste
LB Hl %] ampicillind} gentamicing Z+2+ 100 pg/mlz} 12 pug/ml
9 FEE F7stlen, Add wEt FAE s=E P4
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acyl-HSLE3} QS inhibitorE& A7} T}

E¢HO| QscR Wa E2tA0|=E2] M=

E¢1Ho] QscREL QuikChagne™ multi Site-Directed Mutagenesis
Kit (Stratagene)< ©]-83to] o3 QscRO 54 FE9 47]
£ Aot o s A2EHUTh o]H Y] dAtolA A|lzH of
AE QscRS HHAA| 7= kA u| =21 pIN105Q (Lee et al.,
2006)2 FF O 2 3}oi(Table 1), Fig. 194 Hoj= AAH &
Aol S Al7| A} 8k T2HA, 13294, 14057 =740 =
Aol F ZFole Zeto|MES AlR}egit. 2 Zato|u|of A
5] AJH Q1 G714 F= viere] ZeloHE AR5, F A
O] AJHEZA Q1 atolw Z}+ 100 ng¥} 3 <Q] pIN105Q SeAm=
100 ng2 AR5} QuikChagne® multi Site-Directed Mutagenesis
Kito]] wE ARGA} vl dof| wheh ol I 3stit. PCR
Hk-8-o]| 4] Denaturation-2 95C o] 4] 5027k, annealing2 60°C
o] A 50%7F, extensionZ 68 C of| A 1087} & 183] HHE S} 2
o, Bk § PO = 291 pIN105Q STAn|E= Dpnl A7t

M H D E R E G Y L E

RAE 37CAN 175 Hekstgich, Eeue] Zefolmz
2 GYE Sepan|St Dpnlo] O3] BHEA OB o]
£ oA DHsoo] Ao 2 melate] Wik ¥ HA| S1AL
o, A3 EAdo] RS 4714 BAL B skt

2|ZE 732 M=

oPIE F-& EAWlo] QRS BAE 2H37] Flste] &
AgoA= ol QscR F2 EAR 0] QscRE HAA7|=
Za} A E(PINI05Q, pIN105Qr2s, pIN105Qrisn, pPIN105Qrior)
Z9] shtel, QscRe| 2EE W= PA1897 R4S TR R E
o) p-galactosidase S Z P31 Q= lacZ FAAF 2H 2=
H ZTA0|E(PILI0DE A0 EYst B 2E 452 AR
StEtHTable 1). ol A2E EAu|EY B EgAnE
(parental plasmid)E<] pIN1052} pQF50-2 A2 F&7153t Z&t
U] E(compatible plasmids)E0]™, Z+} gentamicinT} ampicillin
of tigt WA FAAE 7HA L 917 Wizoll, & EAv|EE &
Alel] tigdat 2 2 2 EH(co-transformation) &+ &, T YA

S R I T T E E E 20

TTCTTCTCCCTGGTTCTCGAGATATGCGGTAATTATGGATTCGAATTCTTTTCATTCGGT 120

F F S L V L E I

c 6 N Y G F E F F S F G 40

GCGCGGGCGCCTTTCCCGCTGACCGCGCCTAAATATCATTTCCTGTCCAATTACCCAGGG 180

A R A P F P L T A

P K Y H F L S N Y P G 60

Mutagenic primers; TCTCCGAAGACTACATATCCATCGACCCGAT

GAATGGAAAAGCAGATATATCTCCGAAGACTACACATCCATCGACCCGATCGTGCGCCAT 240

E W K S R Y I S E D Y

s I D P I V R H 80

GGTCTCCTGGAATACACCCCGCTGATCTGGAATGGCGAAGACTTCCAGGAGAACCGTTTC 300

G L L E Y T P L I

W N G E D

F O E N R F 100

TTCTGGGAGGAAGCGCTGCATCACGGCATCCGTCACGGCTGGTCGATCCCGGTCCGCGGL 360

F W E E A L H H G I

Mutagenic primers;

R H G W S I

P VvV R G 120

TGCTGTCCCTGGTGATGTCCAGCGAGAGCAT

AGAGCATCGCCGCCATC
T

AAGTACGGGCTGATCAGCATGCTGTCCCTGGTGCGTTCCAGCGAGAGCATCGCCGCCACG 420

K'Yy 6 L I s M L S

GAAATCCTGGAGAA

L VvV R

S S E S I A A T 140

GAAATCCTGGAGAAGGAATCCTTCCTGCTCTGGATCACCAGCATGCTGCAGGCTACCTTC 480

E I L E K E S F L L W

T s M L O A T F 160

GGCGACCTGCTGGCGCCGCGCATCGTCCCGGAAAGCAATGTGCGCCTGACCGCCAGGGAA 540

G D L L A P R I

vV P E

N v R L T A R E 180

ACCGAGATGCTCAAGTGGACCGCGGTGGGCAAGACCTACGGCGAGATCGGCCTGATCCTG 600

T E M L K W T A V G K

Y G E I G L I L 200

TCGATCGACCAGCGCACGGTGAAGTTCCATATCGTCAATGCGATGCGCAAGCTCAACTCC 660

s I D Q R T VvV K F H

v N A M R K L N S 220

AGCAACAAGGCGGAGGCCACCATGAAGGCTTACGCCATCGGCCTGCTCAACTGA 714

S N K A E A T M K A Y A

I G L L N * 237

Fig. 1. Construction of the mutant QscRs by single amino acid substitution at 72", 132™, and 140" amino acids. The amino acid substitutions
were achieved by site-directed mutagenesis using double strand synthesis method as described in ‘Materials and Methods . The mutation sites and
mutagenic primers were indicated in boxes and above the cognate sequences. The correct mutations were confirmed by sequencing.
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B-Galactosidase &M =X

B-Galactosidase g Z4-& o| Ao B 11y Hle} ZHo| Galacto-
Light Plus™ kit (Applied Biosystems, USA)E A[E-5}o] 438
= 9thLee et al., 2006). HA 3124t vjofksE 2| ZE F=E A
i x]oll 1% q=3e] 600 nmoj|A 2] 3F8F2] U= (optical density
at 600 nm; ODgoo)”} 0.2-0.3 =7} & wj7}A] vjdg3tgct. o
71of EAJH E=9] acyl-HSLZ QscR SAA, 0.4%2)
L-arabinose S A 7}5te] thA] 1.5A)17F E2t vl st &, o] =100
wE gojfo] CHClE 10 ul Y1 7FstA 4otk 1583F
71k8] o] CHCL; 3-8 &3] A7 &, A29] 10 pehe #
31o] 96-well plateol] &7 ¢}7]¢] Galacto-light plus™ 7]3
0.6 ulE diluents buffer 100 plof 3]43t -8H-E 7} wellof| F7}+
sle] o] F-2 oA 1A7E B3 HESAJFHTE ]9 accelerator2
L0 150 ple Z wello]l ¥l f-galactosidaseo]] 23] WA ==
luminescenceE Tristar LB941 multimode microplate reader
(Berthold, Germany)2 &%3}¢ic}. W33 luminescenceS A
29| ko 2 BA| F7] H5te], Z4H luminescencedt-S U
] vjoFH O 2 =3t ODepoZt &2 L=o] 2|5 p-galactosidase
244 © 2 A A5 tHluminescence/ODgoo).
Zo g nE
S¢HO| QscRe| M= U STHO| ZH7(|9] £IX|

2 Aol A= o83 QscR ©EiA 9] 72814 threonine, 132
WA arginine, 140 threonine 7| & 7] X2 Z3 212
isoleucine, methionine, isoleucine Z7|2 X|&st ZSHHO|
QscR& A8t h(Fig. 1). o] 27152 QscRY AT EH 4

140t threonin ‘\

140" threonin
IR APA N
/4 & 15 - 132" arginine
/ 7 N2 -
W20 ¢ )

AN \\\/—"{i r’
20 NS

132" arginine.

A

oy Vf\&i
! ' ‘ér/"’\somz-nsl_
%

w W “‘\ 72" threonin
\ )

Fig. 2. Location of the amino acid substitutions and 30C12-HSL, the
ligand. 3D structure of QscR was drawn with PDB ID code 3SZT
(Lintz et al., 2011). Two monomers in the homodimeric structure
were distinctly presented; one in surface mode and the other in
ribbon mode. The locations of 72™ threonine, 132" arginine, 140"
threonine, and 30C12-HSL, the ligand of QscR are indicated.

QscRe] EAJoll FaFS )Xz ofalictb 7] B4 183

& 7elo EA5tH, thE LuxR fAF B AET ) & HEo|
o] QA] gFot, 132 A arginineTt RhIRO| U R. solanacearum
9] SolR 5 ¥+ LuxR FAF T A Eof HEE o] Qlal, 72HA
9} 14094 threonine2 A2 EEE o] Q1X] ki (Chugani et
al., 2001). &2 QscRQ] 3%} E&7} B 1% Q) © 2 2(Lintz et
al., 2011), 37 T34 SAvo] B7159] 91X)9 QscRY Ezh
=91 30C12-HSL®] A% 922 37 BA8HTHFig. 2). 12
oA Holx Al EHRIo] Z7] 5 30CI12-HSL& Sl §L
= 7 FHo| YA|staL ¢l=d], Lintz 5(2011)0] Bigh Hx
zdo] 2, 72HA) threonined] 3¢ AT EZ A3 £
o helix 5= a3} a4 AFolofl Yx|5kH, 132 A arginine} 14011
A threonine-2 B-sheet$] P52} a helixQl a6 Apo]of $Jx]skc}.

EXH0| QscRe| 30C12-HSLO]| CHEH BFSA

oA Axgk Al 29O QscRE2] 30C12-HSLof| it
S84S5 A Bt 50 nME2 FYsHA 439 30CI12-
HSLE A 2J55& wf o3 QscR Er} o et E4& Hol=
AL gl on, QscRrizme 30CI12-HSLo)| gt vh-g-Alo] 7
o] AtAlthFig. 3). QscRru®t QscRruos= ZHZF 50 nM
30C12-HSLojJA oF8 & QscR &A1 2] 10%2}F22% =S §4
SEaL QIQITh o] A= B4 e 2 & Fig. 39] Zh2 T TofA] B
ol% Ztzt 214, 108} A= & F7HE Hol7] "ol
30CI12-HSLe| thgt E/do] fAE irka dgen, E3|
Fig. 494 30C12-HSL9] ==& 100 nMZ A3t A$
QscRry= IOOHH, QscRrs0= 6OHH O]/‘O}'_Q_i 1384 0] %7]—%
7] o] 0|52 &3] 30C12-HSLe| tht Z-E3t S 2
o]aL §ltkal Abg ) 22t 50 nM Fol A2 rfH e g
2 A2 QscRr2}t QscRrisorll A 30C12-HSLof| tjgt 717+
gol Yu| YA At bt

%7] QscRE] BY ojn| At 7)o gk Sd o] B4 2
of| A= 66 A tyrosine 7| & histidine 27| 2 X33t 3, 75
HA] aspartic acidE glutamic acid2 X|&3t FH--, 761HA
prolineS leucine® & 2|3t 79 T 30C12-HSLoj| tfgt
QscRe| g/do] A9 Alebal=dl(Lequette ez al., 2006), & A+t
oAl ZAHE 7284 threonine X8 EAHO| QscRE] = ¢
9] A 27153 717k fIX| el £+ ]33] 30C12-HSL
ol et B2 7HA T QSche ol Solsitt. A2 3% 72
ATFOIAE THE LuxR A} Tl 5ol i BaEo] Hof 9
= 979 QseR o] shdimerization)2} DNA o] h¢f
g Ao Z &5 79HA] arginineS alanine 2. Z X3t 79
2 79 7297 threonine X3+x 30C12-HSLo| tfat &4
o] ol ZasHRAE o8 oju]glA] LAl ol 9leS
oJZQthLintz et al., 2011). A9 T HFZoA 105HA
alanine, 113®HA] glycine, 121 A lysine 2] x]Zto] BT QscR
of 242 719] gioiche 28 B ool Lequette e al.
2006; Lintz et al., 2011), & #Lof| A= 1328 4] arginine E3F
QscR9| &/ mi¢- FaFE HofFget T2 AL 9
1324 arginine®] 1404 threonine™} 32} FLRATo|A] H]s=
gk f1A)of Y=H|(Fig. 2), ©] 140917 threonine] 2|22 QscR
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o] o]l FH oz HL JFL FHtH= Yo thFig. 3). At
4] 132 arginine- 14094 threonine 2] B2 & 791 1414
R glumamate$} A5 2L & 7P=Ao] Eo|, Agozw
7V, A2 Hi AstE wa §l7] wjiolth o] BE tigt
71 957 D astohal sh3lc

EHH0| QscRe| Of2] CIE ZF2| acyl-HSLS0I| Cist B34

Z| 2 Agrobacterium tumefaciens®] acyl-HSL =83 chall 2l
¢l TraRo]| gk AFollA, §A ofn|ieil 271 9] X o] 4285}
£ acyl7]9] Zo|u} 3HA &49] oxo-moiety 2] -5 thet &
ol FFE & & rhe Bt J7] & (Chai and
Winans, 2004), £ -1 A &= 3702 AR 0] QscRe T34
chret Zolok 391 ekl oxo-moiety 27U} 717 gk
Cjore 7:2.9] acyl7| 8 2 acyl-HSLol ot HH8-32 241
I, P QscRY] S 27| AHA1e] ALE-E44] J0CI2-HSL
Ht} N-decanoyl HSL (C10-HSL)© |4 N-dodecanoyl HSL (C12-
HSDYA ™ 107} Z-& 127]12] etAa ARSLS 7HAHA] 3HA| g4
of| oxo-moiety7} §l+= acyl-HSLo]| i3l o] =& W3- 2§
Ch(Fig. 4A). ©]i= QscRe| gt 27| A+ Aato| M= v =3t &
o2 B vt Qlth(Lee ez al., 2006). $HollA A|xgE Al =4
Ho] QscRE 5 QscRr7212f QscRrisor= 0123 oOFAE QscRE)
Ex9 )2 7123 311ch(Figs. 4B and 4D). 0]5-& C8-HSL
of] th3fA] ufj-¢- &5t HHGAS Hol= ofE QscRe EA = 11
g2 7HA 2 Ao, a7t 60511 w9 B2 acyl7| v &
24271 1691 B 71 acyl7]E 7FA]= acyl-HSLE©| HiaiA=
vh3Ado] gl oF8E QscRY EAE IR 7EX AL Iich

12000 -
0
= 3
3 s
(<] s
@ =]
o 15
g :
o c
2 8000 | =
£
£
=
2
2
o
©
o
& 4000 mno signal
b @50 nM 30C12-HSL
-]
k3]
1
©
?
=%
. e ™
QscR,, QscRrys  QSCRRqzam QscRyyy

Fig. 3. Responsiveness of the mutant QscRs to 30C12-HSL. The
plasmids overexpressing the mutant QscRs were co-transformed into
E. coli with the PA1897-lacZ fusion plasmid pJL101 to make reporter
strains. The mutant QscRs were overexpressed by 0.4% arabinose and
treated with 50 nM of 30C12-HSL for 1 h. f-Galactosidase assay was
performed to measure the activity of the mutant QscRs. The small
graph shows the induction folds by the 30C12-HSL treatment relative
to the basal levels of the mutant QscRs.

(Figs. 4B and 4D)(Lee ef al., 2006). QscRrizom-& 30C12-HSL
ot opjeh 2 @A70]4 A1§E o acyl HSLOJE ¥HEAE 2
o]%] FQFth(Fig. 4C). o|ZF ¥ 132HA| arginine= acyl-HSL
of 7ol ARl QscR) BAo] A O R vlg Fasitt
= A3k, 729072} 14084 threonineS-> QscR&| E/dof 58
AR ofg] g 729 acylHSLake] Aol gt e
ol ou| A FeolstA] gethe AL E 4 Ut

QS Xislixlofl ciiet EtHO| QscRe| Y

AS7HA] B2 QS ASEZ FAHIEoIY QS =84 Tz
of Agtet 4= 9l EAE0] QS AT go| tig FAH JAA|
2 923 v Y, 2 Foll QscRoll B0l AartE 7}
A= Ao 2 5f EZo] Bi1H v} QtkKim et al., 2008, 2011).
o] 222 30C12-HSL¥} AAF o2 A5lHS uf, EHHo]
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Fig. 4. Responsiveness of the mutant QscRs to various acyl-HSLs.
The reporter strains for the mutant QscRs were treated with various
synthetic acyl-HSLs which have different lengths and structures of
acyl groups. The acyl-HSLs were treated at 100 nM concentration.
(A) wild type QSCR, (B) QSCRT72|, (C) QSCRR132M, (D) QSCRT1401.
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Fig. 5. Inhibition of the mutant QscRs by QS inhibitor. The mutant
QscRs in the reporter strains were activated by the addition of 100
nM 30CI12-HSL and simultaneously inhibited by co-addition of a
QS-inhibitor, 5f. The molar excess of 5f over 30CI12-HSL was
indicated below. The activities were relatively presented as percent
activity where the fully activated level without inhibitor was set to
100. (A) wild type QscR, (B) QscRr721, (C) QscRrisor.
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