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Pseudomonas aeruginosa is a Gram (-) opportunistic human pathogen causing a wide variety of
infections on lung, urinary tract, eyes, and burn wound sites and quorum sensing (QS), a cell
density-sensing mechanism plays an essential role in Pseudomonas pathogenesis. In order to investigate
the importance of QS in the Pseudomonas infections of Korean patients, we isolated 189 clinical strains
of P. aeruginosa from the patients in Pusan Paik Hospital, Busan, South Korea. The QS signal
production of these clinical isolates was measured by signal diffusion assay on solid media using
reporter strains. While most clinical strains (79.4%) produced the QS signals as similar level as a wild
type strain, PAO1 did, where LasR, the initial QS signal sensor-regulator was fully activated, a
minority of them (4.2%) produced much less QS signals at the level to which LasR failed to respond.
Similarly, while 72.5% of the clinical isolates produced QS signals enough to activate QscR, an
another QS signal sensor-regulator, some few of them (9%) produced the QS signals at much lower
level where QscR was not activated. For further analysis, we selected 74 clinical strains that were
obtained from the patients under suspicion of Pseudomonas infection and investigated the total
protease activity that is considered important for virulence. Interestingly, significant portion of them
showed very low protease activity (44.6%) or no detectable protease activity (12.2%). When the
biofilm-forming ability that is considered very important in chronic infection was examined, most
isolates showed lower biofilm-forming activity than PAOI1. Similarly, significant portion of clinical
isolates showed reduced motility (reduced swarming activity in 51.4% and reduced twitching activity
in 41.9%), or non-detectable motility (swarming-negative in 28.4% and twitching-negative in 28.4%).
Our result showed that the clinical isolates that produced QS signals at the similar level to wild type
could have significantly reduced activities in the protease production, biofilm formation, and motility,
and some clinical isolates had unique patterns of motility, biofilm formation, and protease production

that are not correlated to their QS activity.
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Table 1. The diseases from which the clinical strains used in this
study were isolated

Diseases Number of isolates
Pneumoniae 19
Otitis media 10
Brain disease or damage 42
Chronic renal failure 8
Fracture 10
Respiratory diseases 22
Urinary diseases 16
Liver diseases 19
Burn 2
Diabetes 4
Acute appendicitis 3
Carcinoma of the colon 3
Heart diseases 4
Rectal cancer 4
Stomach cancer 3
Other diseases 17
Cervical cancer 3
Total 189
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Fig. 1. The reporter strains used in this study (A) and the principle
of the signal diffusion assay (B).
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Fig. 2. Examples of the signal diffusion assay (A, B) and the final
result about QS signal production (C).

=4 UL A, o]= LasR F|EH M= A3 EF] A
HIAT QscR FEZHAAE AlaEHo] BRIEA] ¢ o

571 9% Q7] WiEo2 o] 30C12-HSLel tigh QscR
o] =7} LasRETE 7] wfitol] v A%z Alggth o
H LasRS &443} A171A] £31HA QscREF 43 A7 o

0?4 T

A qFE ShE g o A AsEAS ARsE 9
7 TFES BT oM¥AY 30C12-HSLS T2 AAsh,
BeARES] Zoluy 7157171 B2 acyl group= Zi+ acyl-HSL
& ofulgle FEoR AgEE P FFE UGS el

o} LasR 2XHE A3 #4937 QscR HEFAE AREEE 24
% LasR BZHE A83 £40] B} 7i7sHA A A4 2
ZEF IS Hkgsy] wiel, 4A %’4"% A S
’Ji2 LasR BEEE o83 £447%) HAY 4.2% (8%)
2 BE Zo] gdsitial AlE "

s =1

54% 4F)7F AH SHCE 2450,
A 189%S 7HAT BAGS wie} fAKF Aoz Uehdth
(Fig. 3). "RRIZIA|Z 740 3]l QscR | XE H#F5 o83




244 Jung et al.

A3}E 7D BAINRE

T 162% (1237} @+ 445,
10.8% (8%)7F S HA5]o] ZA 189%F-S 7HA 4
S wfo} thELiol3IAthFig. 3). B AFolAEs QS AlTE
A AR e Y TFE ol Zeuro] ofd FHo] &
Z 54" A7 TFHUE 7S wiAls] flske] 168
RNA 7IME 45 B3t B}t ddsi s5a 95 &
A8k, ZEo] ofd A2 AL thAIE HAA).

h=

Pk

YUY dFS0l|Me] Z=H|okx| 4
W& T QS Aeed o] Az AAHI} o]
| Elslr] sl =wat Aol oise @AelN 574

3
N
o

) of tisll tlEd WERIAR] Z2HoM 448 A5t
Atk Hea ZZEHOIELS AY A4 2HE wol 2y
HE Ao Bed), 8% o] AELE EHlEe ZZEolA
7F A8 Ao 2HE wete Fol AR BAe B8 &
%2 (34), LasB, protease IV 52 ZZHOHAES 1
Ho| LasR 5 #AY A =H whdd &) 23 2ddce
Zlo] ¥R u} Qth4, 5, 34, 35, 40). & AFNAE FAH Al
3 o] YA I TF o] oKE PAOLT Ml
T e oA 248 BYow, FAXCEE HAY Al
A7 ZZEobA| AT Feolgt FBBAVE e A= T
25 A 0 W(p-value=0.499, Fig. 3), Ao 2= 44.6%2) 33
9] I FFEC] B2 2ok AL Ha, AA
122% (9% A= ZZ2Hok| &4do] A=A L3hth(Fig.
3). T3 UF P FFES AR FAY E49E HolHA
T ZZHoH &4 YehA gAWFig. 3, J6, 140, 152,
359, 390, J117, J123, J130), v-$- <FslA] UERATHFig. 3, 13,
127, 134, J43, 163, 174, 176, 186, 194, T115, J132, J160,
7194, 7199, 1202). ©|9} w2 HAY TAJL glomr ZZE)
oA E4do] oRE T vl ELE UlE At e
o, J1877r0] AP o] gloeHAE PAOLC] HIF e
o2 ZaHoM| &4S BYthFig. 3). ] 2= I
FEME opE T3¢ PAOICZRE U&7 AP A4
Z2H oM &Aool AadArE R3] YehdS BT
SHH, TAlo] AdiHo)Ae Potxa AR Aol HdolHA =
ZHokA 4o] 743 FEE 4R EAIRTE AKS 3
HojFa 9o

ZHoHE AgdA mi$ 503 JTS ks HEAR
2 gHA Q7] Wil Yt Z2E|okH Edo] v
S7F A HEE w3l thAd 9]e)e] Aotk
o] A= U HERIAEC] H F83H eI AL, Z2
AT P48 53 g7 rixlez 1t Bert obdrt
A 4= ok AET PSS T3 BTGl = AEE
A Y] 7t e FaAsEo] FasiH, AduFos B

A9} Bule @ Faaly] wiold.

Fog

ok

P

ol
EY
WN
e
Lo
o
1
i
oft
ox
ofr
)
tio
L

p ofE7] flsf kol A A
83 7450 9 TdFES FeE HEY IH A= =

AL Y FFES 48417 Bt vidEte] g P48
SA3HE wl, TH|EAE tiFEo] okE PAOL BT} A&
o FAa5o] Wold AthFig. 3). S FA5o] PAOL
Bt} o Zolrl YAEFE 116, 140, 163, 176, 1123, 1161,
1202 5 7FoE A 95%9oH, o5 opAF ul3|
15% o) E718 AEE FASIATHFig. 3). cF¥F el Bls|
50% o’ AEUE wWol FAg AL 116, 176, J161 5 3%
ok whEkA A& Ao FUPL el Fag 9%S
Yo BI|E ofE: AoZ FoHL

A7 gAjo] AR oA PAOIRT R & AEut
deES B J76, J1613, ol9k= W2 HY SAdoH
] Eo BT PSS Bl J16S vl T A
FEOItE 53] UHA] A7 4 PRFEJ25, 1150, J187)2
PAOIRT AAEA FHe HET 4TS BRAte HolA
J16°9] thgk F71 A7t stk Algdnh HaedolAe
LHEet A A s PAdo] AT BAVE ke A
o] o] Harslo] $=Hl(11, 28), HZle AE I4
g AlAdolele] T 2HMAT FAg3the Hik gon, 4
B 2ol 1 B At o5 FH AdT= SHHOR

WA A WL £ e AeE H7E T Tk, 27). B
AT Ax T3 Tl A AN AE FAgrte]
o] AL wom, J163} o] M LAVt fle BT

qul
[e)

T e HojErh

o T

I 5] BT IAE Gotr ] fal 740
ZHAaL G R| oA oF 48A17F wSIHA] swarmingZ}

twitching 4S5 43| EUS o, B2 dFaEA
swarming¥} twitching & °| A3E ] ATk DAY 51.4%
Q1 38%°] A swarming B4 B om, A2 41.9%
Q1 31%0] #49 twitching 84S HATHFig. 3). °1& T &
whol ol A swarming¥} twitching 58o] =R Fich
[Fig. 3, AA|] 28.4% (21%)7} swarming <73, A|<] 28.4%
(21%)7} twitching &4]. °ol& A=Y AT A3l A
559 I3 AstE Y dFEC] AT FE EATS B
F= ZAdo|t}

e P FFNA A o) DA Yehb=A] A
gt &are] AT AHIEL HES] Aelgk=l(15, 31, 32, 37),
B AFMAY 9] e YA FFME AY AY =

Q1 I FFE0] 2.5% HIEE AW vl Yem31), ©
TolA AR 54 P TFE°]

Lo
Or-&

o Zxjolch, ER AY IS AR e QY
SolM= Zeeold] A4, BB B4, 254 5 54
So] Aslslo} Qe B97h Bakthe A=
AFT W Pyolk J67 B AR 9
PAThe R g S59 Ade] el A4
3 AEY WA D LEAS HATH YSE ¥ ATE F

N Lo ox
i

q



LasR QscR

Activity

Total
protease

strains  Biofilm formation

Mwl =
o —
J199 ==
ey —
Jig4

Swarming Twitching
183

Activity

+

+

+

+
+

+

J176 [

J173 =

71 @

+

+

J168 @

+

164

J162 [
J160 [mmH

Ji157 =

+
+

+

J154
J153 P

+

J150 @

+

J147 @

+

J139 [

138 @

J137 @

+
+

+
+

J135 [
J133 [
J132

130 @

+

+

J129 =
J119 =
J117 [
Jil6 [EmH
J115 [

J10:

+

+

+

:

J107

+
+

+
+

199 M
194 [mM
J90 M

J89
186

J80

J76

174
73
J70 ®
169 =
59
57 =
)56 [mm
)54 [mm
)52 =
Jag B
J45 =

e

J43 B

+

+
+
+

+

+

)33
)34 =
32 M
J27 [
J25 [
)19 [

)17 ==

+

+

+

J1p E———

+

+

J3

01234567

Fig. 3. Summary of the results of the assays for the total protease activity, biofilm formation, swarming motility, twitching motility, and QS
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activity and QscR activity, respectively.
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