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The Analysis of the Autoinducer Gene Expression
Related Quorum Sensing Mechanism in Catheter
Associated Urinary Tract Infection

Jun Sung Koh, Hyo Sin Kim, Sang Seob Lee', Hee Tae Jung’,
Kyong Ran Peck’, Ji Youl Lee

From the Department of Urology, The Catholic University of Korea, Seoul, IDepart—
ment of Biological Engineering, Kyonggi University, Suwon, ’Department of
Chemical Engineering, KAIST, Daejeon, "Department of Internal Medicine, Sam-
sung Medical Center, Sungkyunkwan University, Seoul, Korea

Purpose: Catheter associated urinary tract infection (CAUTI) frequently
occurs in the patients with an indwelling Foley catheter, and it can cause
serious morbidity or mortality. However, there have been no reports about
quorum sensing mechanisms in indwelling Foley catheter. It’s our purpose
to find out the quorum sensing mechanisms of isolated bacteria from
biofilm in Foley catheters.

Materials and Methods: Silicone Foley catheters were placed in 90 patients
with neurogenic bladders. At the 3rd, 5th, 7th, 14th and 30th day after
the catheters were placed, the catheters were removed and the biofilm
formations were evaluated by routine culture and microscopy. The ygaG
gene, which was reported to be an autoinducer synthase gene was carried
out cloning in E. coli. The quantity of the mRNA expression of the ygaG
gene was analyzed according to the time by competitive reverse trans-
cription polymerase chain reaction (RT-PCR).

Results: 289 different types of bacteria were isolated by cultivation. The
most common species were Pseudomonas, Klebsiella, Serratia, Proteus and
Escherichia species. The autoinducer synthase gene, such as the yguG gene
for Escherichia coli, was detected by RT-PCR. On competitive RT-PCR of
the ygaG gene, the mRNA expression was 3.77x10°copiespl at the 3rd
day, 5.94x107copies/ul at the 5th day, 8.O7x107c0pies/pl at the 7th day,
2.51x10°opies/l at the 14th day and 6.81x10°copies il at the 30th day.
Therefore, the expression of the autoinducer synthase gene was observed
at the early insertion period and it was then maintained.

Conclusions: This is the first study to document the autoinducer synthase
gene expression associated quorum sensing mechanism in CAUTI. The
quorum sensing mechanism may be a new target for the management
of CAUTI. (Korean J Urol 2006;47:945-952)
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A £9 9902 1A B9 A 40%E A3, o
% 80%7} 7 EIE B 2 Z 7+ (catheter associated urinary
tract infection; CAUTD)©|TH! o] & ov}slr] Yalae 85
7HE o 2AFHU7MA] v Ao A HH dHE

A Aol 7Md Aol AT, AAZE vig AHE
go|t}, H27MA ¢ 2 CAUTIE oWale WhHo=z g
Z7HHEHE AYe a9 JS5E Y A53e W,

AWFHY Yol Axds Hrtete W, WE W Al
FAA FAY, YA =X JHEEHY A}
T ave ok

ol¥g ax7tEE AES 7o duldy nAEL] 4
E2 o]Fo 7|4 ¢l B2 2
& Zlolw, 7He Bl Fegstal = Bl glole wiol L
%— 14 gtk vlol e A8 W d5S

AAste dsd A7t e HEE Y %Zﬂ AL

of thal &7t A o]

quorum sensing’©] 2} B2 = A|E Afo]e
I A8, 28 Ay E 3 7]5 4 —EET
, TAE vo]l 252 & AlE, 34|, BA 59
713 gAY Aol gk =
2 gy v g3HQ

FAA FoAE FlME YBHE CAUTIS A 50

AZF Aok 2B E nle]  AE-S F A st e otk

quorum sensing 7] Tl e A9 B o] thFE]
1 glon, A7t A JE Aotk CAUTI LA
o] &3} quorum sensing®] 7]1H S WO ZH, X5 9

%!
o
=
Fol 24 F 3l vlo]le FE U9 quorum sensingS
g2 ,
f==]
2}

>,\I
J%
oo .
ol
o
¥2
D)
r2oud

gt
i3
U

o AlE ol

)

3

ot
. o rr

O iy o 2 e oo W e 1o m
BEAN % o ok

o yo oz [ o
£ 9

RO
o=

o

JA 3= HE RAFH, vlo] e Aol ZaAQl
i X857t 7hed Aoz A7t

ol s & Aol X< quorum sensing 71 ¥ & BF3]
7] 91 712 A2 8 =7HHE W) #FE #8585
TF5 F Escherichia coli (E. coli)E W’F 22 quorum sen-
sing]l #HE A7 =52 (autoinducer) LA FHo =
FAAZ EH A ygaG gene H-A|5}e] ©] 52 mRNATH S
A BAFoZH o]5o] HAAZ vlo]le F FAo &

StREA Lolr At T

o o -
1. &5 CHa
20043 39 HE 20049 12€971A] ELo A A AFAA HF
Foz2 oTIHHE AL v FA 0B UGz
ST i Al BT AR FHEE fA 717 9

FYAE B854 egrn.

2. LEJIHE Lie| #F =X

ol

7velE F2]713ke] 747} 3,5, 7, 14, 30¢ samples ©]-&
om, Ztz+e] e T4 F-E lem AT ¥, E
Foll ¥ B AsY. BN &, o Hﬂg 9t} =
T (spread plate method)S AH&-3te] 5719 7% & 7]
532 391, €719 %% anaerobic jarol| A A3}
o o] E # Y & Ad S S (viable counting method)
& 0]8-3}4] colony forming unit (CFU)E Al5=3l9t}. A4
=, uAES] S HA v w3t B A= nutrient
broth, trypticase soy agar, brain heart infusion, trypticase soy

].

ot

\I
-

agar with 5% sheep blood, Mycoplasma medium, King’s A
medium, YM medium 5 77}4] WA & /\}3‘0}93‘4 3 7] Hj
F 2749 A% 37°C M FAGNA ¥R, B ke
749 anaerobic jarol| A 37°CE Hj ‘%}o}?&ﬂr.

1) Hio|2 EE W 7 F=2| quorum sensing 2 FHM A}
9| cloning ¥ &A7|MY E4
1) AHE 73 3 o REAL SHd AR AA
£ %, quorum sensing #& .
o 159 quorum sensing #HA FHAE A AT 1 A

3 A B E coli 4NBZ38)E % 1 759 quo-
rum sensing®] HHH A7HHEEA Ao Boses A

A2 A AT
(2) Quorum sensing mechanism Z&1
DNAY #7E Gemmil method <& &

Table 1. Oligonucleotide primers for the ygaG and the competitor used for polymerase chain reaction (PCR) amplification and sequencing

Bacteria related

Primer sequences

. Related gene
quorum sensing

Forward primers

Reverse primers

E. coli vga G

CACTGACTAGATGTGCAGTTC

GTGGCTAAATGCCGTTGTTAG
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25 DNAS F¥ 07 o] FAHA | Eo]Z 2l primerS
A Ztste] PCRE F8star woll Ao £24 fdzte] gt
primerES A 2} T} (Table 1).

(3) PCR At=2| M & A2k PCR HPS -8 Geneclean
II kit (Bio 101, USA)E ©]-&3}o A & pGEM-T easy
vectord] ZAZ3IAT AZ9] ZA2 elution product 3°C,
PGEM-T easy vector 1ul, T4 ligase 1pl, 2xligase buffer Sul
£ ¥z HolF H 37°ColA 24t wjeFst At

(4) Transformation 2! Plasmid DNA £Z; CaCLE o] &
3] c-cell& A Z3}al, heat shock methodsE ©]-83}4] trans-
formations =33} $1T}. Atmanbio plasmid Miniprep kit,
21101& ©]-&3}o] plasmid DNAZ #3351 t}h 23 plas-
mid DNAE EcoRIC.Z Autste] BAlE %4 45 &
=

(5) DNA &7|Mg BM; d71ME 242 & 739 95
S0, pGEM-T easy vectorol] &% o] 3l T7 promo-
tor2} sp6 promotor siteS A|ZHH O 2 st A7 E 45t
At

2) Hlo|2 EEL #FE9| quorum sensing 2 FE X}

O mRNA 238 Mol Fak 24

(1) Competitor X|Z}

D DNA competitor M|} o)’
elution productZ
o] PCRS Tsﬂ o =M ok 100bp Z0]7} Z06]= DNA com-
petitorS AATE X E. coli®] ygaG gene (530bp)oll A 100bp
s &4 product—éL A 23} 7] #138ked PCR primer % forward
Al target DNAE SHE wf AL-831H A A& AL
8319 2, reverse primer= X3 FAA2] SEE-S 100bp
A AEAIA 431bp size2] competitorS | 254 T

@ RNA competitor H|[Z}: 9FA] F23F plasmid DNAE
restriction enzyme spel &2 A @331, o] & ©] 83}, com-

°]-&-3}o] in

HAAE PCR3}T 4&

template 2 S}l competitor primerS ©]-8-3}

primere

petitive RNA transcription kit (TaKaRa, Japan)S
vitro transcriptiong 4~ 5} 3t}

(2) Competitive RT-PCRO]| 0| & sample =H|

@ RNAQ| £&: #& W43 ¥ RNAS FZ3130h 3¢,

59,79, 149, 309 A9 FHEIE 9 1emE Zehfjo] F
W ¥ LB mediumol A 397 57] v dat et o37) Ao
TF (wiw 200mg)E ©]-83l] RNAE FZ3% Tk RNA 5
Z o= trizol methodsE ©]-&3} AT}

@ RT-PCR

7}. RT-PCRZ O|Z%t RNA competitor?| S=; %A A
Z-3 RNA competitor—“éL o] &
o] RT-PCRS 33+ &
glsk it

3t ygaG2] primers ©|-&3}
% target size] product’} Do x| =3

L}, Z=Z&3+ RNA sample?| RT-PCR; ¢
DNase#] 2] 3t RNAS] O.D%S S48 oH, 54 234&
uleto 2 6pge] RNAS ©] 83}, ygaG2l primerE o] &3}
o] RT-PCRS 433+ & =33+ =7]9] RT-PCR product”}
2oARA=A] gkt

(3) Competitive RT-PCR (RNA sample2 0|8 X 7
XS] mRNA 232 M2k 24Y); RNA samples g
RT-PCRS F3l #£7 F3A471 SH= = Ao| &<l
EAFAA] mRNA TS HF 457
competitive RT-PCRS 433} t}. o] PCRe| AHAES
3 g AF M= competitor?] %S A3} target band
9} competitord] band’} 22 FAE 7HA= HS 2o} o)1)
&3 JE competitor?] copyFE HIFOZ % F FFH A9
mRNA TS o Fstart.

" 4o

(4) Elongation factorS O|&8t RT-PCR; ©] A g4 A}
¥ 7 7|70 JHE B 9] RNA o] 2te As S35t
g_

7] 913814 elongation factorE ©]-8-3 RT-PCRS
th ODZS =A% Aoz 27] RNA AL
2oe AL FHalde LEsith 197) £ elonga-
tion factorg ©]-&3t= WHE °]&3 AT

MI

Table 2. The results of the numbers of isolated bacteria from the
biofilm of silicons Foley catheters

Aggrega- Strain
tion & re- num-
production  ber

Size

(um)

Species Gram Shape

Edwardsiella hoshinae -  ovoid 0.8-1.0x1.0-1.2 Binary 5
Edwardsiella ictaluri - rod  0.8-1.0x1.0-1.2 Binary 66

Enterobacter - rod  0510x1.020 Binary 43
agglomerans
Enterobacter sakazakii - rod  0.8-1.0x1.0-1.5 Binary 29
Escherichia blatta - rod 05-1.0x1.0-2.0 Binary 45
Escherichia coli - cocci 0.5-12 Binary 1
Hafnia alvei - rod 05-1.0x1.0-3.0 Binary 18
Klebsiella oxytoca - rod 0.8-1.0x1.0-12 Binary 19
Proteus mirabilis - rod 05-1.0x0.8-1.2 Binary 21

Pseudomonas sp. - cocci 0.5-12 Binary 5

Pseudomonas sp. - rod 1.0x2.0-3.0 Binary

Serratia fonticola - rod 02~0.5x0.5-20 Binary 14

Serratia marcescens -  ovoid 0.8-1.0x1.0-12 Binary

Serratia plymuthica -  cocci 0.8-1.0 Binary 5

Staphylococcus + cocci 1020 Binary 2
epidermidis

Yersinia kristensenii -  cocci 0.5-1.0 Binary 4

Gram: Gram staining, sp: species
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80 - St
60 —
s
40
00 - LEE
0 M T T T T Skl 1
3 days 7 days 14 days 30 days
Alcaligens faecalis [ Cedecea davisae
W Escherichia coli Edwardsiella ictaluri
[ Enterobacter intermedium B Enterobacter agglomerans
I Enterobacter gergoviae ([l Kiebsiella pneumoniae
Moraxella atlantae NN Proteus mirabilis
Proteus myxofaciens [_] Pseudomonas aeruginosa
Pseudomonas alcaligens W Serratia ficaria
V////} Serratia marcescens [ Staphylococcus saprophyticus
Staphylococcus auricularis N Staphyloceus capitis
m Micrococcus sedentarius Micrococcus varians
B 100 - v/ /- B~
80 st
60 RS
O\c AAAAA
40 ANAAN
20
0 T A“:A“AA‘ T T T = 1
3 days 5 days 7 days 14 days 30 days
Alcaligens faecalis ([T cedecea davisae
W E. coli Edwardsiella ictaluri

Il Enterobacter gergoviae
B8 Escherichia blatta

Moraxella atlanta
Proteus myxofaciens

Pseudomonas alcaligens

U Serratia ficaria
[ Staphylococcus saprophyticus
I Staphylococcus xylosus

(5) Target gene2| mRNA &l X2t

o
@ DensitometerE O| &3t density &

o

0y

: A7)
o] A3k ZAS 304 densitometerdl] &3 band®] U=

[ Enterobacter intermedium
(I Kiebsiella pneumoniae

N\ Proteus mirabilis

[] Pseudomonas aeruginosa
MM Serratia fanticola

V////} Serratia marcesens
Staphylococcus auricularis

BB Micrococcus varians

L

Az band (431bp) <]
=

& ool oo

Fig. 1. (A) The profile of bacteria
according to time (in an aerobic con-
dition). (B) The profile of bacteria
according to time (in an anaerobic
condition).

2 =4 E43}9 0k Target band (530bp)e} competitor)]

243 %, W Be 44 9 B
2 Wadn.
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@ Target RNA copy T2 A4k 23 & AgE4e

S
AF AFROA o]n] &l )& competitord] RNA copys=
o] g3te] 2 #71¢ bandS HolE RNAYS A Zsldrt.

M
()

| ot

L QEIHEE W 23 ST

o

Z 289 straing 5 23t FAINI Y. Edwardsiella

hoshinae 5 strains, Edwardsiella ictaluri 66 strains, Enterobac-
ter agglomerans 43 strains, Enterobacter sakazakii 29 strains,
Escherichia blatta 45 strains, Escherichia coli 1 strain, Hafnia
alvei 18 strains, Klebsiella oxytoca 19 strains, Proteus mirabilis
21 strains, Pseudomonas & 9 strains, Serratia fonticola 14 stra-
ins, Serratia marcescens 9 strains, Serratia plymuthica 5 strains,
Staphylococcus epidermidis 2 strains, Yersinia kristensenii 4
strains® YEFTH (Table 2).

37 o 54 A3 49 %719 Pseudomonas aeru-
ginosa (P. aeruginosa)2} Staphylococcus saprophyticus (S. sa-
prophyticus), Serratia marcescens 5 °| +5 o|F& HASZ
YUelwtal, 7)ol P. aeruginosa, S. saprophyticus, E. coli
o] Bol L¥HE Aow ekt AY F 304°] A
o] 7l HE s #3E54 3 LdEE AeE
EbetTh (Fig. 1A).

A7) 7 4 A AY z7d= P. aeruginosa®} P.
alcaligenes, E. coli 5°] & o|F< ZASZ YeEIRL, 44
7)ol = S. saprophyticus, P. aeruginosa 5°] %°] LG F
T Ao Yegth 37 #F §48 2% viVtA R 4
Y $F 30¥0] A Foll= FHEEF s dFE 93l

L 3 M1 2

3 =

S — | —

— —_—

— —

—-‘, p—

— D ——— <+— 531bp —— -
— -
3 day 5day 7 day 14 day
Panel A Panel B

<«— 531bp

LdsE Aog YEHY (Fig 1B).

2. Hl0|2 EE f #FE=2| quorum sensing 22 X
Ato| S % mRNA 23 X2 24

1) H}o|2 EE W9o| #FE9| quorum sensing 22 R
=

ygaG gene<- E. coli®] quorum sensing7] 2ol T h= 7
Zbelw, 1 = 7] 530bpe] . T7 forward sequencing primer
9} SP6 reverse sequencing primerE ©]-&3}4 E. colid] ygaG
gened] A71ME BN A yeaG FAAIT EAlE AS
S

2) H}0|2 EE W @F=2| quorum sensing 2+ RAX|

o mRNA 28 ME ¥ 24

(1) Competitor X|Zt

D DNA competitor M|Z}; Competitive RT-PCR< =3 5}
7] 918+ ygaG 72+ DNA competitorS A 2}st 1 7]
ANES E439

@ RNA competitor M=} kA A28 DNA competitorS
0]2-3}4 competitive RT-PCRol| A}-8-3 RNA competitorS
A28}tk RNA competitorE | 2$F F, copys= Al 4H3H
A7} 754x10" At} A A RNA competitorS ©] &3} RT-
PCRS st 7 329 FF AF5 st
A3 A3} competitor?] size?l 431bp2] productES <13}
=23

(2) Competitive RT-PCRO{| 0|2 & sample &H|

@ RNAS| F&; %% % RNAE 3,5, 7, 14, 30¥0 7}
Z} 0.73, 3.86, 3.54, 2.48, 1.65ug/l T},

iy

T

Fig. 2. Amplification of the ygaG
gene used for RNA sampling by re-
- verse transcription-polymerase chain
- == reaction (RT-PCR). Lane M is the
| molecular size marker. Lanes 1 and
.| 2 of panels A and B are products

- of the ygaG gene, which are iso-
—> a2 lated from bacteria in each of the 3,
e 5, 7 and 14 days catheters, as the

template and ygaG primer. Lane 1

30 day of panel C is the products of the
ygaG gene, which is isolated from
Panel C bacteria in the 30 days catheter.
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= 4310p =

3 days 5 days 7 days
[ | [ 10 |
1 2 3 M a6 6 7 8 9
.“——g—————-—
R SRR S T M WD G— W W—— "
101102103  [103510% 104"1&17 10411042
Panel A

530bp

~=8ks

102105108

Panel B

Fig. 3. Ethidium bromide stained gel used to generate the equation for quantitative competitive reverse transcription-polymerase chain
reaction (RT-PCR) for quantitative analysis of the RNA sample according to the insertion time of the catheter. Lane M is a 1kb DNA
ladder. The cDNA of the total RNA from bacteria isolated from a catheter, according to the insertion time, is used as template, and

the PCR reactions of lanes 1-9 of panel A contained 107,

competitor cDNA. The PCR reactions of lane 1-6 of panel B contained 10°,

competitor cDNA.

® RT-PCR

7}. RT-PCRE 0|Z35t RNA competitor?| S=; PCR
7}, ygaG gene] competitor= 10°7}4] %%Q% )\3 i
=g

L}. &5 RNA sample2| RT-PCR; Z sampleol| A ygaG
geneo] THHUSS AT F UM (Fig. 2).

(3) Competitive RT-PCR (RNA sampleS 0|23t X &
XMAIe| mRNA 243 Xzt l=lM)

A3 A3E "o 2 competitor?]
o] 343 5, competitive RT-PCRS 43 3t

ro iy

FU

rrc=
o 1=

ol A& 8}s)
23 39, 59,

79, 149, 309 RNA sample2 ZtZb competitor®] 107,
1077, 10™, 107, 1079} 2 o] & A= BAY
(Fig. 3).

@) B FHXS] mRNA 23 Ak 2o 24

D RNA sampleE- elongation factor primerE ©]-§3}9 &

Z3 A3E densitometerES 0|83l &3P on, 1 4
e 39, 5¢, 79, 149, 3099 27 213.13, 188.11,
14821, 105.11, 233.70°] T}

@ Target RNA copyT2| 7|2 ojw] &3 9lH RNA
competitor®] copy<F (7.54x10" copies/l) ¢} HlmEte] E3E
7 2e] RNA copysE A4t F, elongation factor primer
£ o] 83 RT-PCR A3}= densitometer2 =43+ ko2
o] RNA copyTE Alst 47 3, 5, 7, 14, 3049 27}
3.77x10°, 5.94x107, 8.07x10", 2.51x10°, 6.81x10°copies/ul°] %)
T} (Table 3).

10'2, 10'3, 10'3'5, 10'3'7, 10, 10'3'7, 10", 10'4'2, respectively, of the

10°°, 10°7, 10% 107, 107, respectively, of the

Table 3. Quantitative analysis of mRNA expression rate of the
ygaG gene according to the insertion time

Day No. of RNA copy (copies/ul)
3rd day 3.77x10°
5th day 5.94x10
7th day 8.07x10’
14th day 2.51x10°
30th day 6.81x10°

FelE oF ddE e
A BFoln 7HEE A
A ol FHEHEE 4

} 4= 9t} w3 71y
o] 7"
% 159 23014 %
FHol A W o a2 ASlFo] LobA sl

172 7HEE W3S 53 J8Ad Adeltt 3?3% drainage
bagoll A o] 2ep7t 2 27H4e dosA @t

7 e E ¢ A 7o v 3-10%% 73} whEhA
A 27 AW Ex 8A9] oF 50%00 4 ATt HAY S
i, 457 do offg dihs & gt sl A glRE
Ao A Aot HAS. JHEE #E 9209 A8
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o= %}Eﬂxﬂ Ao} o}z 7}
HE #H 8 urelZl bk gloh
FAAE ﬂﬂé}ﬂ B ﬂ:" 7HEH AN F2 =3
ZFoll et A= Staphylococcus, Pseudomonas, Escheri-

o
R
it
ul
Fx‘
o
N
:‘l)1:4"
o
o
i)
X
rlo

PR

b for

o

_1|I

=

ACH

o

l

E
e 0.1}4.

r-p:

o off B o
o o VR P

(
M)

o
i
o

o nlm
o

o
A
>
rr
ofje
M
p‘L

2

o Mz |o

o

rfr 2
1)
4>

=

o
=

N o o

d

oy mx 2
X

O [ T A O o [
o2 2
o
o,
g9

ob
=)
o
I
rlI.
e

Mo 2

=

(SO
)
2
o

chia, Protease, Enterococcus, Klebsiella, Enterobacter, Entero-

coccus, Acinetobacter, Edwardsiella, Morganella & 5°] Jth

I GHA AT o] T oM wol 2dde wFE 1Y
S dFE E. coli$} P. aeruginosa, 1% ¥ T4F= Sta-
phylococcus, Enterococcus & 5°) RiE a1 gtt.>'¢ o] ¢
3 A TF FFe B AT AHAAE vHzstd e, 7}
HE 2 Z7]d=
marcescens -©| W& FES AASAL UL, F2] F7]

= E. coli, Staphylococcus %, P. aeruginosa@. ©]| 7ol R ¥

P. aeruginosa, P. alcaligenese, Serratia

A7 Afet Hlés}aau}?’” ) 71zko] 71 FHElE Y A,
FbelEle] 94 Awo] wat 2090F oo Be Fog &
F o %AJIl ol §x F7]9 7HE R ZHE
g2 #3509 9d0o 7 o3le] 47 oy Aog A

29

7120 A2 7t e detAo g gl Al
2 vlo]lQ AES FAst= TF, P. aeruginosa, E. coli, Sta-
phylococcus & 5°] EX3592.H, £3], quorum sensing 7|
As & vl BES st ¥ 7HHE 73 =
NBE A&Hos BEHE Aoz ehuit

w8 4% T F vtole IBE P4 FAsitty g

A #Q) P. aeruginosa, E. coli, S. aureus & E. coli 2183}
15 9] quorum sensing 7]&}o] #A3t= ygaG FAAE B
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