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ZHEIE] L 2EHIZ[0F2] Quorum Sensing

2 autoinducer M FXXIo| HLHEM
0|I:I|61| -I.u.IAI olxlaﬂ’l u_|.||7c;;E|_3 Olél'ﬂ*
Z7|cystm Amzsin) A7 (cHslm MEXIR EM5F Al{St
ZlE2fstn H)wr |2}, AR RISk 2Lyt

£ ATl A7 A 9322 8 & 7B E A8l gl 344 s1ElE| 248 F1ElE W) 8.2 714 (Catheter-
Associate Urinary Tract Infection; CA-UTI)ol| 3¢ 3}3= v}l €] o} 2l Escherichia coli, Pseudomonas aeruginosa —L
2] 3L Staphylococcus aureuss 55 ¥-2], 543 H o} o] #FES WAL =E 31o] quorum sensing mechanism<
TFE 3l 712 AF2 7 FF2 quorum sensing Al £-E-2 <l autoinducer (Als)S FA 3l= -+ A9 mRNA 2
g gelsl, AF FASES A Al 55 DY H A 59 EF2 244 71309 S kst dA A1z
ZYA L 2 sampleS A% o] 5 244 7} vl 9F3} sampleS- 7}A] 3L reverse transcription polymerase chain reaction
(RT-PCR)S 3 31o 7+ Als M4 FA A7 48 = & F & vhe) g o A =5 8l 31 ol A vl oFoll A E. colis}
S. aureus®] Als &4 F+A2HgaGS} luxS)S] mRNAZ} 23 == &% vhe) 2] o} Y £+ 2.4x10° CFU/ml, 5.4x10°
CFU/Mml®] 3 2.9 P aeruginosa] rhil2} lasI®] 73-%- 6.9x 10° CFU/mIZ Yebyte}, Al F5-2] E3Hu) oFol A ygaG
9} luxSS] mRNA7} & = = F %2 vl E] o} W =& 7.3x10° CFU/ml, 1.6x10” CFU/ml1°] %1 2.9 rhil$} lasTS] 73 -
2.1x10° CFU/mIE. Yelygte}. =3 30 vl &3t sample®] RT-PCR 23}, v 27|38 7 Als 34 FAAE9)
mRNAZ} 30 §<t AT FUF A &4 22 S #UA3HH . Real-time RT-PCRE ©] 8-3 Als T4 #4
Z-9] mRNA 43 & A TF A g A3 7 gl A Sl Froh EF o Al Als A T3 A2 3 o o &t
o b @2y g 2o 2 Rl S E. coliygaGS mRNA L8 -2 ) B} A FF-9] E3hul A] F
3 <F 308 o] Aol F7}38lH AL, P aeruginosa rhil®] 73-%- A vl oFr o} Sl oFA] I <F 409, P, aeruginosa
lasI®] 73 % 2| 3L F 250vH L2] I S. aureus luxS®] 7355 U vl F R E v FA] H 3L oF 5ufl o] A} mRNA T
ggfo] FUlslge} =38 Al T2 471A A A 5 P aeruginosa®) rhil$} lasI2] mRNAV} 714 -2 of o=
HE S gl 3.

Key words [ autoinducer (Als), biofilm, catheter-associated urinary tract infection (CA-UTI), quorum sensing
(QS), real-time RT-PCR

7Vl e (catheter)= AHSE - ) e WRAEK) - 28, o]9f o] Friate] Wilo] AlE Hreof| ofES }-L—‘
dER) 71H@shE - g )0 8ol viEs SAs] ffall S ERITKE, 27). Qs FH AlE 2RI Alse F1¢
ARSEE I e S45A10] 7 B EEb, FHEEVE Al A Q1 AZEAR autoinducer-1 (Al-1)0] Jom, tl3Ed B2 1
ol vjAMo] AL8-E wl= f-X] ==T(indwelling urethral catheter) = 54 HE|2]ol= N-acyl-homoserine lactone (AHL) Al2<2] 3
o] AL ol2l@ 2% JFIEE W SolH ARBHoR B §HES oleshy, 13 BY deelohs A5EAR feluHe
o] AL¥ITL lon] Rumbaugh F(0)°] Aol W e o|=8 F2 o83, F FRel welziol] FEHLE £l
#¥ 2 271 (Catheter-Associated Urinary Tract Infection; CA- o] F EolAo] = ‘universal signal’Z LR autoinducer-2

UTDE A BA7e] 40%S 2Rk L2789 5 80%ES A
A= Ao g Baskal Qi 71 e #d 8 27092 e E Ul
whel|g]oto] ofa) LAY EM o] TR nE AEERE
o]F0]Z nlo]QFWEo] 2J3 A S F ‘Quorum sensing (QS)’°]Z}
E2= g ol 2l 7)) 93 AAdET)

QS= v glo}Eo] U AEFE =232 Wl autoinducer
(Als)E o] 83+ A E71] AT ALS T3l 54 2] v
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(AL2y7} AokaL B arEo] Quk(16, 21, 23, 24).

| glolELe o]]dt QSE F3hed = (virulence)(11) ¥RF
oluz} A A (bioluminescence)(10, 17), HIo]| L BE A3 (6),
DNA =85 (competence)(14), TYA] AJ2k2) 2 Aol 23 Ti
plasmid®] A F(9)7 2 Tt Ag] @4 2-gtha 1
aEo] glovt ofF JHE W Q23dolME 2 71Hlo] B
21 vt Qlth o] & Qsoll oal FAE ulo|LIBEL FAAE,
A, BA| 5 <57 ol 71383 A g AFAS 7HA
w2 g Aol 93 CA-UTIS] A= A7) ot
(18). 122 FHEE W) vlo] LB E-S FA3hs Helgolel QS
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mechanism 7ol ¥ A72] Do Ao] IS tiFHaL ot

B A= 7HE] W QS mechanismS 115 317] $13) &
A7 ARSI 2] 1Ol A mlo] @ AE @0 F AT
Q1 Escherichia coli, Pseudomonas aeruginosa®} Staphylococcus
awreussS F, FASAT. L & 2 #FE in viro’$olA @A
i 2 A T5e] S A & RTLPCRY real-time
RT-PCRS- o]-83t QS A EZAQ Als ol #ofsh=s 4
AZ, E. coli ygaG (Al-2), P aeruginosa rhll (AI-1)$} lasI (Al-
1) 283l S aureus luxS (AI-2)2] mRNAZ} W == &% vl
glo} Wxo} AZbstel] whE 7z 59 Als 4 FAAH]
mRNA WA Bl Fsfo] Qsdll 2% dFite] Foss-e
A st

WE o Y

Il

7%l FHEE 25 E YE2[ote] 22| K SF

FHIE W vle|BE FA F AR Escherichia coli,
Pseudomonas aeruginosa®t Staphylococcus aureuss 273913 HF
Fow 9% JHHE FXI3 g2ke] FHeE WollA skt
7HIE = 4 7329 1 em ol Akl (Fig. 1), Ao
9] ol el ZHEE Wiell A o] L E-S 2NF 5k Luria-Bertani
(LB, Difco, USA) brothol] &3t & 37°C, 24213t vljFstdtt.
WS ANS E coli AEB|AQ E  coli direct agar (Merck,
Germany), Pseudomonas 1B A|Q] cetrimide agar (Scharlau,
Spain) ¥ Staphylococci A1HBI A1 mannitol salt agar (Scharlau,
Spain)l| streakdle] 5= WISl 2% o= 1F G4
7 Fejshd BFS 3193l APIL 20 kit (20E, 20NE, 20STAPH,
bioMeriux, Marcy-I'Etoile, France)E A& & o]d] w2 E474
72} Bergey's mannual of Systematic Bacteriology (3)5 333}

o &4 skt

PCRE 0| &8t Als & X ZE ¥ cloning

E. coli, P aeruginosa®} S. aureus®] chromosomal DNA+

Table 1. A list of oligonucleotide primers used in this study
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Fig. 1. A schematic of the foley catheter used in this study. Dotted
circle means the isolation region of E. coli, P. aeruginosa, and S.
aureus.

Silhavy 5(22)°] ol wel FZ38om, € DNAT
GenbankZH-E] Als Z43 AR E coli® ygaG P aeruginosa
O hile} lasl, 18)AL S aureus®] luxS DNA G714<ES &<l
3t 5 Z2+9] primer (Table NS A& 3t PCRS 33t
PCR HF3-& iCycler thermal cycler (Bio-Rad, USA)S- ©]-8-3}¢]
95°Col A S Bt FWMAIFol| 95°Cell A 133 D, 48°C(54
°C, 56°C)llA 18 30% A, 72°ColA] 187 Auk3-S- 303
HHE =8 3 FHEH o7 72°Co|A 103 E<t final elongation
02 ZFEFAT PCR AHELS 1.0% agarose geloll A7]9% 3}
o HA7|dESE FIAMAM &#2l" 2 PCR M2 Gel
Purification Kit (Bioneer, Koreays A18-3l] AA|sliTt. A€
Z} PCR AHE-2 pGEM-T vector (Promega, USA) 432
™ o|E E coli DH500] E2A3 Al7] & blue/white screening
B3t clones AESIATH SHAA Al 7Y AAEE clone
Zan =2 AT F AFES EcoRIF Nolo &2 dds}
o Z} target AR AAQS ERIEka, 2 Fefm| = AFlE
ke G7IMES HAEIATE AE 482 NCBIY Blast
Search (http://www.ncbinlm.nih.,gov/BLAST/) 2 133} CLUSTAL
XE o83t e AN AT

rflo o

2 2%l
sampling
E. coli, P aeruginosa®t S. aureussS LBUJR|ol| HEI F
0Dy, oA 1.00] 2 wj7}A] vieFetict. 1 & 2h w#52] hdul
HE. coli FEBNF; EC, P aeruginosa T3, PA, S aureus

Bl W BBl AlZW| mE FF

Primer specificity GenBank accession no. Gene Direction Primer sequence
f l_ _ L}
E coli NC 00913 yeaG orward 5' cactgactagatgtgcagttc 3'
reverse S'-gtggctaaatgccgttgttag-3
16S TDNA forward S'-caggtgtagcggtgaaatge-3
reverse S'-gggcacaacctccaagteg-3'
fi d 5'- tt tgac-3'
S. aureus BA000018 luxS orwar [esagegaalicaaaniadc
reverse S'-agtggttctcaaagaattcgg-3
16S TDNA forward 5'-ccgaactgagaacaactttatggg-3
reverse S'-cgtgctacaatggacaatacaaag-3'
f l_ . 1
P, aeruginosa NC 002516 rhll orward 5, ceaggactigglcatgateg-3 ,
reverse S'-aaatcgtctgacgacctcacac-3
las] forward 5'-gggtccggatccaccgaaatc-3'
reverse S'-ccgacggatccecgtcatgaa-3'
16S IDNA forward S'-tggtgttecttectatatctacge-3
reverse S'-gtggttcagcaagttggatgtg-3'
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BEHd; SAYN A o] ERETMY) gAL Al LBl
Aol 0.001%7} =5 FEst 37°C, 150 pmO-= wiFeIATt.
7} Als 34 F-7419] mRNAZF HEEE Hx dhglglo} Ues
gelsl7] 9Jate] orIZIA SAIZEA] 308 FASE, 5A]71)
A 24NZW74A] 2X7F ZFA S 2 EC, PA, SARIFR T} Eguj kel
O ZRE samplingstAth. 3 v Z2717E] 3047HA9] A7
WL o]E HH O Z samplingS 3T Samplingdt B <
Ao ANEsI TS 348} 3L, phosphate-buffered saline
(PBS, pH 74)°.2 washingdto] WA AASAE 1
59 AA=E HA3E & 20°Co) A EA3ke] RT-PCRY} real-
time RT-PCRS o8& Als 4 #2412 mRNA @& <17}
A Aol ALE-3lh

RT-PCRE 0| 83t Als &M X Xt2| mRNA 23 &tol

A BE AASEA 20°C] BHASH T2 TA O lysozyme
(Sigma, USAYS- &3t 37°CollA] 2A17F B2t lysis Al RNA
E F=3IA Lysozymes ©]8-3F lysisol| A lysozyme TE
buffer (pH 8.0)°l 1 mgml7} HEE =of AFE-395.0.H, lysis
WF-S-A] 400 U ribonuclease inhibitor (Takara, Korea)S 7} 3}
At AFESE EE SHFT9 438 =% RNase free water
(BIO BASIC, Canada)E #2] 3Tt ¢DNA /32> RNA 10
pell 2+ Als 378 F-2A12] 20 pmol reverse primersS 2
70°C 583 9Hg, ice SEZF WESAIZ] &, Sx reaction buffer
(250 mM Tris-HCI, 150 mM KCIl, 40 mM MgCL, pH 83) 5
pl, SmM  deoxyribonucleoside triphosphates (dNTPs), 4 U
ribonuclease inhibitor, 200 U M-MLV reverse transcriptase
(Bioneer, Korea)S F7}sle] & 20 pl2 7 3 37°Co A 14]
7t WESAIATE cDNAE T4 3 Z42be] primer (Table 1)E
ARt PCRYOZE Al #59 Als 4 FAAES SFAIA
). PCR W82 iCycler thermal cycler (Bio-Rad, USA)S- ©]&
sto] 95°Cell A 5E FS ARA F 95°C 1, 48°C (ygaG)
(54°C; lasl, luxS, 56°C; rhil) 13- 30%, 72°C 18-S 303 HkE
sl o, wpx]gko 2 72°C 108 E2F final elongation® & 3
1A TE PCR AHE2 1.5% agarose geloll 719531 E colid]
ygaG, P aeruginosafﬂ rhil2}; lasl, S. aureus® xS mRNA 2
A AEE I8t

Real-time RT-PCRZ 0|88t Als 4 #IXte] mRNA &
EER=]

(1) RNA 5% 4 cDNA 343

309 B<F AT AIZF 7O Z samplingdt 2t HlEE]o} 2
Eghferst welglol HAE icedlA F2 & 1 F 5mg (Wiw)
S 3} easy-BLUE™ Total RNA Extraction kit (Intron,
Korea)s ©]-83l9 F RNAZ FE3I9th FE3 RNAE
DEPCE A3t FFFol U F spectrophotometer (Gene
Quant pro, Amersham bioscience, USA)E ©]-&3}4 260 nm<}
280 nmollX FBEE FA3t] F RNAY] &t ¢85 g8}
St cDNAZAS RNA 500 ngoll target F-Z1AFS] 20 pmol

22719 vhElElole] Quorum sensing T FARe] WY B 279

reverse primers ¥ § 70°C 5%37F ¥hg- ice 5%-F WHSAX]
& 5% reaction buffer (250 mM Tris-HCI, 150 mM KCl, 40
mM MgCl,, pH 8.3), 5 mM dNTPs, 4 U ribonuclease inhibitor,
200 U M-MLV Reverse Transcriptase (Bioneer, Korea)S 715}
o] Z 208 WHE F 37°ColA 1A17F BESAIHTE cDNAS
A3 & real-time PCRYCE ZHzZhe) Als A4 FAA+Y
mRNA T Z-S JF a5t

(2) Real-time RT-PCR

mRNA Td o] HFE 93 real-time PCR (MiniOpticon,
Bio-Rad, USA) ¥+&-9] 242 t53} 2t} 5 pmol target F-31
Z}9] forward primer 1 pl, reverse primer 1pl, cDNA 1 pul, iQ
SYBR Green Supermix (Bio-Rad, USA) 10 ulE #H7}8t] & 20
wWE YHERIY Real-time PCRE ©]8-3 & Z71L& 7+ sample
AA FAPom 95°CoA sE T EWAP F 95°C 30%,
54°C 203, 72°C 305 403] WHESIG1 oM, o] A o] ¥ &
PCR AHE-S 95°CE 7}E3}lal 55°CE 4171 3 60°ColA 95CE
7FE3t melting curveE &7 3} T} Real-time PCR ¥H3-9l|
syber green (SYBR)S ARE-&F -4~ 5o]%Ql SFA= A
FAHE 4 = primer-dimert} THE HIE0]HQ] FHAEE
SYBRO] A3 4= A0 2 Z melting curve %438 53} PCR
AHE9] Bol s g1l a5t

(3) Real-time RT-PCR data®] -4}

2 ARAoNAE target 32 mRNA LAHS S4317] 9
sto] Ao WS AREE e 2 i 13)e] o] 3]
ygaG, rhil, lasi®t uxS2] mRNA WS- Jo)d = skt

L Nk

FIHE L} HIO|2E & M 25 22| ¥ §H

FHIE W F8 8 dF2= Staphylococcus, Enterococcus,
Klebsiella, Enterobacter, Acinetobacter, Edwardsiella, Morganella
&0l AR H=3 Pseudomonas aeruginosa, Escherichia coli,
Proteuse mirabilis 5°] YHA ATK1, 12, 15, 25). ¥ ATA]
= 849 72 JHEERRE blo]eBE o] F Addd]
Escherichia  coli, Pseudomonas aeruginosa®t Staphylococcus
aureus®l| Z23E BH50] o5& wel, TSI E. coli A1
A1 E. coli direct agar (Merck, Germany)ollA] A4S HQl
MHI 13 44 Ay} 34901900 Fel= rodth API 20E
kits AH&ste] ] - AseHE 54 AAE g8, ol
API 20E V6.0°0.2 #A3 A3}, MHI2 E. coli2 FH=U
Pseudomonas <1EH] R ] cetrimide agar (Scharlau, Spain)°i] ]
S Bl MH2= 5 4 23 010 FEl= rodd
T} API 20NE kitS AH8-sto] A - Aslets] 54 2432 gl
3913l ©]E API 20NE V6022 #43 Zz, MH2E P
aeruginosa=- =4t Staphylococci AR 2] mannitol salt
agar (Scharlau, Spain)l|lA A374-S BQl MH3S 13 ¢4 Ax}
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%gollom FElE cocci®th. API 20 STAPH kitS Al&-3l
Ag) - AsEA B4 A7E 01813 ©]S API 20 STAPH
V6.0 2 A% Ayt MH3L S. aureus® SAEATHAE ¥
AAD.

HIO|2E & &4 YHIZ|Otof| M ATs &4 XX cloning
E. coli, P aeruginosaSt S. aureus M 52| chromosomal

A
10 20 30 40 50
E.coli ygaG CTAGATGTGCAGTTCCTGCAACTTCTCTTTCGGCAGTGCCAGTTCTTCGT [50]
E.coli ygaG M ..o Coveeeenn [50]
60 70 80 90 100
E.coli ygaG TCCTGITCATCCGTACGTCACGH‘CCAGAATGCTACGCGCAATAT‘CCTGC [100]
E.coli ygaGM — ............. O [100]
210 220 230 240 250
E.coll ygaG CTIT(‘)CAGGCATCAGCAACACGC’IGC’I‘CATCIGGOGTACCAATCAGACTC [250]
E.coli ygaG M ..o G [250]
260 270 280 290 300
E.coli ygaG ATATAAAAACCGGTGCGGCAGCCCATTGGCGAGATATCGATAATCICTAC — [300]
E.coli ygaG M . ... .. [300]
310 320 330 340 350
E.coli ygaG ACCA'ITACCGTTAAGATGGTTACGCATAAAACCAGCAAACAGG’[GC’I‘CCA [350]
E.coli ygaG M G....oooviniiieiiiiiiiiaieaae Al [350]
B
260 270 280 290 300
P, aeruginosa rhil - ACTICATCGCCACCTOOUGATOGTCCGLLGCRCTONOROOGTACCECEA  (300)
P. aeruginosa rhII M ............. T [300]
310 320 330 340 350
P, aeruginosa rhil - MOCTCCCAGACOHORTOGCTOGGCEGGGTTIORTOCACACGTAGE - (350]
P. aeruginosa rhll .........T.............. R [3501
370 380 390 400
P. aeruginosa rhll (X}AAGACGTCC’HGAGCAGGTAGG(X}T(X}GTCG’IWGCAGCAGG%GG(X} [400]
P. aeruginosa rhll M  ....... Gttt . P A [400]
410 420 430 440 450
P. aeruginosa rhll CAAC(ECAGA’I‘GCCCTGG(X;GCTCATGGCGA(X}ATGTAG(‘GGG’HTGCGG [450]
P. aeruginosa rhlI M ...........A.......... e [450]
460 470 480 490 500]
P. aeruginosa rhll ATGGTCGAACTGGTCGAATTCCTGGTCGCGGACCCTGGAGGTGGAGACCA  [500]
P. aeruginosa rhlI M — .................. G [500]
C
110 120 130 140 150
P. aeruginosa lasl ACGTTAGTGTCATCGACGAGATGGAAATCGATGGTTATGACGCACTCAGT  [150]
P. aeruginosa 1asl M ..........cco.iemiiieiie it C [150]
310 320 330 340 350
P. aeruginosa lasl GAACTCAGCCGTTTCGCCATCAACTCTGGACAGAAAGGCTCGCTGGGCTT  [350]
P. aeruginosa 1asI M ..............cccceiiiiieeeiiiiiiid Govrieeeenes [350]
410 420 430 440 450
P. aeruginosa lasl AGAACGACATCCAGACGCTGGTGACGGTAACCACCGTAGGCGTGGAGAAG  [450]
P. aeruginosa lasI M ............cccciiiiiiiiiiiiiiiaaaaans G [450]

510 520 530 540 550
GATOGGCATCGAGCGCGOGGTGGOCTTGOGCATCGAACTCAATGCCAAGA  [550]
......................... CooToiiiiiiiiie.. [550]

P. aeruginosa lasl

P. aeruginosa lasl M
Fig. 2. Multiple alignments of nucleotide sequences of E. coli ygaG,
and P, aeruginosa rhll and lasl. (A) The target gene sequence of E.
coli ygaG NC_00913 was compared with that of E. coli ygaG M
which was isolated in this study. (B) and (C) In addition, the
sequences from P, aeruginosa rhil and lasI NC_002516 were aligned
with those from P, aeruginosa M of the isolate strain.
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DNAE #3931 PCRES T3l SF9-3 A1zl A7 530 bp
(E. coli ygaG), 630 bp (P aeruginosa rhil), 710 bp (P
aeruginosa lasl) 1231 640 bp (S. aureus luxS) 2] Als &
4 kel DNA ©s &918 = Itk 555 DNA @3
< AAske Z4zF pGEM-T WEfel| cloning 3}312H, ©] § 7}
Zke] Fepan| =5 HA|St AEAL EcoRIY Nod S 2 Heta)
o] 3 kb2l vector®} 530 bp2l ygaG, 630 bp<] rhil, 710 bp2]
lasI 1831 640 bpY] huxSZE EE|EE AL ERISIHITHAE H]
A, FE FefirlEEe A8 §2748) DNA G714
S #2493 & NCBI9 Blast Search ZZ 133} CLUSTAL X&
ol-gate 71Eo) Ll 2zt #FEY Als 8 FAAEH AF
“do] 99% o]l Ze I8 ATHFig. 2).

RT-PCRE 0| &8} Als &4 78 XS] mRNA &3 24
Fuqua 5(8)°] ©r=2Z% QS mechanisma 2t Bl g]o}e] Uxo
A &8, A AETUE o] FellA AlsES o83 uhel o}
] AT AeADS Bl fRiAe] HdlS 2t Bas)
3 Qitk # AFellAE FHEE W vle| e d3ES 4= T
2918 quorum sensing®]g} 3L oS FHEY] Y3 7%
ATEA Qs ATEHR] Alss FIsh= fHHIARe] mRNA L
Fe AT 24417 B vkl dA AR o=
samplingg+ EC, PA, SA| 2} Sl gt viFhol A #AE

Fig. 3. RT-PCR products of ygaG (E. coli), luxS (S. aureus), rhll and
lasI (P. aeruginosa) in 24 hr culture samples. The amplified RT-PCR
products were analyzed on 2% agarose gel. RT-PCR products of
vgaG, luxS, rhil, and lasl genes, were amplified using cDNAs as
template. Lane M: molecular size marker. Lane 1: RT-PCR results of
single culture before reaching minimum cell density of initial mRNA
expression. Lane 2: RT-PCR results of mixed culture before reaching
minimum cell density of initial mRNA expression. Lane 3: RT-PCR
results of single culture at minimum cell density of initial mRNA
expression. Lane 4: RT-PCR results of mixed culture at minimum cell
density of initial mRNA expression. (A) E. coli ygaG 530 bp, (B) S.
aureus luxS 640 bp, (C) P. aeruginosa rhll 630 bp, (D) P. aeruginosa
lasI 710 bp.
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°*°1 Als 39 f+32ke] mRNAZE Hd == = dhgelol 9=
£ RT-PCRS 53}o] I3} th(Fig. 3). RI-PCR A3} E. coli
4 ygaG, S. aureus®] xS 73%- Als 34 242 mRNA7}H
W= & dh 2ol 2% 2.4x10° CFU/mI, 5.4x10° CFU/
ml (1.5A17F vieh)ol o™ P aeruginosa®] rhll$}; lasIS] 735
6.9x10* CFU/ml QAIZF ¥ilhE 1=t S ] 45
ygaG, eSS Als 79 F34k] mRNAZ} H3E= 2z vlEE]
o} W& 73x10° CFU/mI, 1.6x107 CFU/ml QA1 Wik, rhilrek
lasI®] 73%- 2.1x10° CFU/ml (2.5417F B2 YEFSTHFig. 3).

Z} EC, PA, SAM A7} St s FAolx Als FA
AAe] mRNA 2 ZF Hx v ol Bx oAM=
detection F|A| &3t} ZF EC, PA, SAv|FNz}l Etafokst vk
Ao G Bl SF=71HE SAIEA] 937 (exponential
growthyS B9, 71 & QFg7](stationary phase)ol] HolEo] 24
AZA] A= om, Trdujdat S|l & Afole B
o7 skt w3 AP} A FHHHE RS BF- BE oF
309 7HF fFAISHERE ool ARt Als 34 1714+ mRNA
0y s FRlEy] fIsked 3083 A7) wldEtEom, 30
7+ A&FH 02 mRNAZF HHEE 28 S8 thFig. 4). o1&
Ested Als 4 AP dREE A wlElgol 2wt {4
gobA Aol A AN AEHHoRE Als FA A
mRNA &&o] FAES & 5 ASUTH

HIO|REE M #FE 249 QSO 2[st 4T EE o1+

(1) Real-time RT-PCRE ©]&3+ Als T4 F-AAE2] mR]
ko] Ao

309 EQt 9 B A dEEe] £t e E njdste] 7z
samplingdt TFE9A] target 2 A2] mRNA &S RT-PCR
Z RIS Ay I3 o F 3087 o] AGEHE A
FRlatoit). o] Al mRNA Hdo] A&H 0 g fAHe 29E
oz Zh v 717t w2 Als $43 3R] mRNA I
ZF =48 5l Qsoll &3t E. coli, P aeruginosa®}t S. aureus
Al T#FEY] AT AR 301517] Y3} real-time RT-PCRES- ©]
Bste] AAS T A Fig. 59F A3uTh

Real-time PCROIM FF4H22] & S48k WHdll= 2l
% (relative quantification)?} Ht]”d Z(absolute quantification)©]
glotq -k /x]%]oﬂ 1_‘—_ o] %_ Als ?s]—}\é 021;(].4 mRNA u)—sqak
2457) 91510] A9 B S AFEST AR L 7]
- AR (reference gene)e} i F-HAE AFE-5le] PCRZE2)
olF WAEl] flste] Ve frAAte] wEe] tigk ol
AR} RS ALt o] FolAH olw) ARSEE VIE
AALZ+= GAPDH, Mactin, SB-microglobulin, IRNAE & o] AL
gthé, 19). & AAoMMe= 71 FAAR 2 dtEEleke] 16
RNAE AMS-3I9lo™ 7 #59] 16S rRNAE E. coli 7, P
aeruginosa 4 18|13 S. aureus= 5 copies® LA ATH26).
O]2 ARE-3le] 22 WH13Y) 2JF)| E. coli®] yeaG P aeruginosa
O rhlr®} lasl 1831 S, aureus®] luxS mRNA T3-S AA
& stk

B AN mlo
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M1 2 3 4 5 6 7 8 910 1 1213 1415

500bp—p

(] =

13 0§58 7 9 1 13 15 1719 21 23 25 27 30 days

Fig. 4. RT-PCR products of ygaG (E. coli), luxS (S. aureus), rhll and
lasI (P. aeruginosa) in 30 days culture samples. The amplified RT-
PCR products were analyzed on 2% agarose gel. RT-PCR products of
ygaG, luxS, rhll, and lasl genes, were amplified using cDNAs as
template. Lane 1-15: RT-PCR products amplified from the sample of
single culture (A; controls without reverse transcriptase, B; E. coli
ygaG 530 bp, C; S. aureus luxS 640 bp, D; P. aeruginosa rhil 630 bp,
E; P. aeruginosa lasl 710 bp).
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inoculated with E. coli, P. aeruginosa, and S. aureus during 30 days. Results of real-time quantitative RT-PCR of equal amounts of total RNA (500
ng) isolated from each culture sample. The relative mRNA input is calculated from the threshold cycle (Ct) values obtained from real-time
quantitative RT-PCR based on the modified comparative 2*** method (13). All data presented are an average of three independent experiments
with the standard deviation, indicated by the error bar and plotted on a logarithmic scale. (A) Transcript expression level of E. coli ygaG (B)
transcript expression level of P. aeruginosa rhil, (C) transcript expression level of P. aeruginosa lasl, (D) transcript expression level of S. aureus
luxS. (E) Pure culture of each single strain transcript expression level of ygaG, rhll, lasl and luxS, (F) pure culture of mixed species transcript
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ABSTRACT : The Analysis of Expression of Autoinducer Synthesis Genes Involved in Quorum Sensing

among Catheter Associated Bacteria

Mi-Hye Lee, Pil-Soo Seo!, Ji-youl Lee?, Kyong-Ran Peck®, and Sang-Seob Lee* (Depart-
ment of Biological Engineering, Kyonggi University, Suwon 443-760, Korea and 'Department
of Korea Biological Resourse Center, Kyonggi University, Suwon 443-760, Korea *Department
of Urology, School of Medicine, The Catholic University,Bucheon 420-717, Korea, *Division of
Infectious Diseases, Sungkyunkwan University School of Medicine, Seoul 135-710, Korea)

The most biofilm forming bacteria in catheter, Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus
aureus were isolated and identified from a patient's catheter occuring catheter-associated urinary tract infection
(CA-UTI). We examined mRNA expression and its quantification of Als synthetic genes encoding signal sub-
stance of quorum sensing from each bacterial species in order to elucidated quorum sensing mechanism. Both
pure cultures for each bacterial strains and a mixed cultures with three were grown for 24 hr and 30 days. Initial
densities to be able to detect mRNA expression on single strains culture were shown at 2.4x10° CFU/ml, 5.4x
10° CFU/ml of E. coli for ygaG and S. aureus for luxS, and at 6.9x10* CFU/ml of P. aeruginosa for rhil and lasl.
Also, in mixed culture of three, initial cell densities of mMRNA expression were appear to at 7.3x10° CFU/ml,
1.6x10” CFU/ml of E. coli for ygaG and S. aureus for luxS, and at 2.1x10°> CFU/ml of P. aeruginosa for rhll and
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lasl. Each Als synthetic gene was expressed in initial cell density and the mRNA expression of the genes were
detected continously during 30 days. And then, the quantification of mRNA expression level of ygaG, rhll, lasl,
and /uxS which were related Als synthesis was done each time point by real-time RT-PCR. Interestingly, the
mRNA levels of ygaG, rhll, lasl, and luxS from the mixed culture was higher than those from each single strain
culture. In the case of E. coli ygaG, the amount of transcript from the mixed culture was at least 30 times for that
from single culture. In the case of P. aeruginosa rhill and lasl, the amount of transcript from the mixed culture
was at least 40 times and 250 times for that from single strain culture. In the case of S. aureus luxS, the amount
of transcript from the mixed culture was at least 5 times for that from single strain culture. And specially, the
mRNA expression of rhll and lasl of P. aeruginosa showed the highest efficency among four Als synthetic
genes.



