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In this study, 22 clinical isolates of Enterobacteriaceae including Citrobacterfreundii (6 strains),
Enterobacter cloacae (5 strains), Enterobacter aerogenes (3 strains), Serratia marcescens (7 strains)
and Pantoea spp. (1 strain) were investigated for the biofilm forming ability and biosynthesis of
curli and cellulose. Biofilm forming ability was the highest among the isolates of E. cloacae and the
lowest among the isolates of E. aerogenes. The expression of the biofilm-forming extracellular
matrix components, cellulose and curli fimbriae, was examined by Congo-red (CR) staining and
calcofluor staining methods. PCR screening for the presence of curli gene (csgA) revealed that 4
strains of E. cloacae and 1 strain of C. freundii carried the csgA, showing a good correlation
between the phenotypic detection of curli fimbriae by CR staining method and the genotypic
detection of curli gene by PCR in E. cloacae.
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Hog A= hﬂ(4 5, 6, 10, 13, 25). AEZLow &
H Moz B AdEe 593 152 EXEE ¥ A

glo] ARt A g 3/ de] 500u] A 10008H
A o 743 Ao=E vEltthT, 12, 15).

Al AET A9 A3k A7 AT ARde
oA BE A7t = o] Pk, 23). FUMFES 15|
AdsE cutli, AERQ2~ B ORR 59 A2 vl
T340l e} Congored FHd HiA|o|A Thekgh Heje]
= (morphotype) & E&sh= Aoz M=, S. typhimu-
rium@ Y] ¢ T8 AEuiad i F+= curliol
H AER e~ 9 gFHrt dFE s 749& el A
ATK18, 19, 26). Curlix 1980 dth Fxko]] 49] F13 % o
7= diZTelN HEE DA, g ARy
& TFA BAe dovle HHol Hosi
A 7‘]’er AZSF B BAstaL, SFAEeke] F3t

& gk o} AFHRge] T8 AFAAE 2

H:} Curli= Aldo] &S Fgsk=tl 7198k=
dl, thdte] e curlis @] Al el 153 2
< 7EE weo] AEY XS ThsdHAl st ARdol B
FHTH). AT curlis= csgBA(C)S}t csgDEFG 2922
ZFoz Q3 A=, ARt ME csgBA(C)%}
csgDEFG Q3|83 7&7d0] vl =2 agfBA(C) R agfDEFG
LB AFo=E curlio] /o] o] FolZITKS, 17). el
= Citrobacter, Enterobacter, Klebsiella 40l &3f= 459
AAER old AT F34E AU e o] IRk
(26). Citrobacter, Enterobacter 2 Serratia 52 FHAH
W o] Fa AJFo A F2 WAYo| AaE s
ANX 713 S ZefstH, 53] o|Hg WA A
A WAL BEstT 988 AT AT BEE o=
st 58 AY7ITY] ARge] FFetal e o=
AoIN 2 Fa4jo] WA F7NaL Sl

B AoMe I AAlelA BelE F 2259 C. freundii,
E. cloacae, E. aerogenes, S. marcescens % Pantoea spp. ‘s
o] AFE EH”—E gl digt e J45S A}
3}al, Congo-red & calcofluor FAH-E AJd)ste] H3lgke] &
“J(morphotype) & ZAFSI AJETRS] AE9] nigrd AdEO
curli & AEZ Q0] A FHE Ik F FE2] morpho-
type®ll WE AEY IS HlusiATh £k AlEe] nigd
o] F8 T4 AR curli B 29121 csgBAC) FA<]
T T MEE esgd A A7IMES st

'—TOI curli=

rU

rlot

Mz H d

25

i, oA B FRtbel] X3 thshE o)l Jdg gt <
2 AA M F52E Citrobacter, Enterobacter 2 SerratiaT
& 2255 R8skt A3kebE] 5411 API2OE kit (bio-
France)S ©|-83} Citrobacter Sfreundii 67,

Enterobacter cloacae 53, Enterobacter aerogenes 3,

Merieux,

Serratia marcescens 75 2 Pantoea spp. 155 % 5733}
Ao AR B #A A o4 UERTE E col
strain DH508 AHE-3}5th

Polystyrene0f| Cist =9} dds 2 U WSato| He
=4

Polystyrenedl] W3t =9 3§/ #42 Heilmann 5(11)
o &Jaff 7l WHE ol&st] that ol Al wl
dd 7AS 600 nmolA FFE F 1.00E 2E I brain
heart infusion (BHI) 9] vjA|= 1008 335}ttt 34w
T 200 WlE 96 well plateol] 715k 37°CollA] 24A17F &=
= 28°CollA] 48217 HjFSE 3, 200 ule] PBS 580 F
T W AFSIATE 0.1% crystal violet F2-g-doz 1587
A&} 200 w12 phosphate buffered saline (PBS) $+%-8-<1
o2 F A AHG F S B 49 AET
Rz 239 93t 200 plo] 95% ONErEE 5871 &)X
713 microplate reader (Molecular Devices, USA) #437]7]
£ o83t 570 nmmollA FRES SHACH

MBato| NS HISHE ZAt

Congo-red GAY: I J7A EeldFe] J2des &
317] {1 WO Z 1% sucrose 2 0.8% Congo red dye”}
23 BHI 3R vl Aol 058 Zoskal 37°CelA] 24413t

= 28°CollA 4841t wig £ wxiEte] As #SISTh

Calcofluor @AYH: JAA He|dFe] AE222~ A
< gRlaby] 943k o= BHI $H Al d55 =23t
3L 37°CollA 24417 = 28°ColA 48417 wisIATE 1
mg/mliCQ] calcofluor FA-8-N(Calcofluor white M2R,
Sigma, USA)S.& 57t G4stal, PBSE Al W AIXE &
UV (350-400 nm) stollA dgete] w34 =s wEeiit

SEigAdMES

Wizard genomic DNA purification kit (Promega, USA)E

o]-&ste] FFEHE genomic DNAE £2J8I3th csgBA(C)
LHE A Uigk £o]&%] primer %4 (S: 5'-ATGATGT
TAACAATACTGGGTGC-3', AS:5-TTTTTGCAGCAGATC
GATAGAA-3)2 ©]83ty b33 go] T¢=
FPHATE 4 FFERE FE3 0.5 pl] genomic DNAE
Fo 7 ARSI 5 w9 10xPCR reaction buffer, 1 pl2]
10 mM dNTP mix, 1.5 pl2] 50 mM MgCl,, 1 pl9] sense$}
antisense primer (10 pmol/ul)2} 0.5 ple] Tag DNA poly-
merase (5 U/ul, TaKaRa, Japan)S E3IHTE 94°ColA 5
#7F DNAE HAAIZ] Th3, 94°ColA 14, 57°CollA 132 1
23 72°ColA] 183 3538] HHESla1, 72°CoA] 10483 vES
AR 1% agarose gel 771955 53 44E DNAE &
etk
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.
o J

H7IME

PCR 4k2

23] SZ9 c5gBA(C) LEE FARFe] 4]

i



(A) C. freundii

E. cloacae

AU Al v 24 337

E. aerogenes S. marcescens Pantoea spp.

15 13 21 191 165 168 164 184 154 180 49

Absorbance (570 nm)

%
9
°
k4
7
[
®
‘)9
%
i)
e?

C. freundii E. cloacae

N o @ ™
PN N N R AN

S. marcescens

NN

E. aerogenes Pantoea spp.

Fig. 1. Biofilm formation of different Enterobacterial species from isolated patients and quantitative analysis of biofilms
formed. A 200 pl of bacteria suspension was inoculated into each well of flat-bottom 96-well polystyrene plate and incubated
at 37°C overnight. The wells were washed with 200 pl of PBS two times, air dried, and stained with 0.1% gentian violet for
15 min (A). The extent of biofilm formed by bacteria was determined quantitatively by staining the biofilm with gentian violet
(B). The biofilm was stained with gentian violet, the dye solubilized with 95% ethanol, and the absorbance determined at 570
nm. Data are expressed as the meantSD. E. coli strain DH50 was used as negative control in biofilm assay.

g BAS 9)8ke], PCR purification kit (Bioneer, Korea) S
o]-&3te] PCR M5 & AAIT & A7IME 4 HE 3
ARQL mlo] ¥ X(Korea)ol] SJE|ste] H7IMLS #4851,
GenBank 2] BLAST search program (http://www.ncbi.nlm.nih.
gov/BLAST)S ©]&3}e] csgBA(C) Q120 AFEo] e
csgA A Q7193 GABR=AE RIS csgd 13
Zpe] opmAt A714E WAL ExPASy Proteomics Server
(http://www.expasy.chf)oll = olr]=iF M =238 o]
B3, JUWAT Foll WE esgA AR A ZARE
ClustalW alignment 3= 13(http://www.ch.embnet.org/software/
ClustalW.htm]) & ©]-&3}5ch
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Al FZell &3= C. freundii 65, E. cloacae 55, E
aerogenes 35, S. marcescens 75 & Pantoea spp. 1575 3E
13k 229 A HeldFES O E cathetere] 2
A8 Zg]2~€"@(polystyrene)ol] Thet AEU} A58 B4
3FTHFig. 13} Table 1). 37°CollA] 24417t vk & QYE9
PSS BT A= o4 tiE2dFE AR E. coli DHS
T} HIERS Wl S. marcescens 1913} 165H2 A
S0l ol YU gle AeE, a7 YA 205
T AEY Pl Ue HAo= 2 ?_]Qgi‘:} ODs7 nm
Evte] s 4T 29, FBE ol 0.601FeFE

21 H}{S 8
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R
0,

ERd C. freundii 6, 9%, E. cloacae 23, 399} 41%, E.
aerogenes 139, S. marcescens 156, 1683} 180W, Pantoea
spp. 49 BT FA50] o Hog Wk o] F E
cloacae 4193} S. marcescens 154 FF= go] 24+ 7t
L6% 142 7P 2 AEY 453 Ueliith 28°Cell
A 48AIRE v & AEY JPeS B3 A3 E coli

DH50 T3¢t HlaslaS w) 22F 25 A2 %]
= Aoz FIEUtKTable 1). 37°CollA 24A17F vijek & A
2ok A5 B35 A} nASAE E cloacae 413}

S. marcescens 154“31_—8— 4% ol 2+ Z+ 1.76% 1.37& 7}
A me HET Y5S vepigl
Congo-red U calcofluor HMHS 0|25t HEHIE] 2A
22529 C. freundii, E. cloacae, E. aeragenes S. marcescens
2 Pantoea Spp. 59 A BEdFE o wjeks
oo A E AFstay Ay AL o]_rt A|EZ 2] vlek
11/] _r_g_ :rL /K(-)]lfLO] curhﬂ— A—]]Eﬁ}\_/] gﬂ o 2= :Q:]—?_]
317] 9184 Congo-red E calcofluor GAH-S AAEATH
(Fig. 2). Congo-red FXZ}ol| wjg}, Mo rough ¥FHS
Z¥= FE(dar: red, dry, and rough), 22 E= FIA9
smooth X2 ZH= F|2} (bas/pas: brown and smooth/pink
and smooth), Z449] rough %HS zZ+= F=i(bdar: brown,
dry, and rough), Z2412] smooth WS 2= FZH(bas: brown
and smooth), FZ2C] smooth EAS Zk= FEl(pas: pink

and smooth) & smooth ¥WH-E zH= 34 Fle(saw: smoo-
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thand white) 522 EF3ItHTable 1). 28°CollA 4847+
g 28 M= rdar8-S C. freundii 25, bas/pasd- C.
freundii 152} E. cloacae 35, pas3-2 E. cloacae 15, E.
aerogenes 25, S. marcescens 55 2 Pantoea spp. 15, 1
23l sawB-S C. freundii 3, E. cloacae 157, E. aerogenes
15 2 S. marcescens 257004 ERA= ) 37°CollA] 24417k
ek Z2AslM = rdar82 C. freundii 157, bas/pas3-2 E.
cloacae 15 2 S. marcescens 157, pas@-2 E. cloacae 1,
E. aerogenes 15, S. marcescens 45 2 Pantoea spp. 15,
83l saw¥dLe C. freundii 15+ 2 S. marcescens 25F7} &
AF AT &3k calcofluor FAHES AAISH 23 28°CollA] 48
AlZE T= 37°CollA] 244171 wloFst O5o] AEE 2~ A4
o2 QE FFE " Y #FE Y F Ui
(Table 1). 28°CellX] 48A1Z vljF Z7A8lNX= C. freundii 2

<, E. cloacae 55, E. aerogenes 15 & S. marcescens 35

oA calcofluor A4S HPow, 37°CollA 24A17F vljoF =%
A3l M= E. cloacae 157, E. aerogenes 2%, S. marcescens
53 2 Pantoea spp. 157914 calcofluor Y32 YeERIATE

Congo-red GAH-L AuUjAlrto] P43l BT AlES
nlebde] o FAAE curli 2 AEFE 20 AYAS 7HA
Aty oz SR1E 4= e WHoltk Congo-red $Hu
Aol wjFd Ag- FFIAES ngEe] YAFo] =oW F
8 PR w7 Jge] Fe HA(red), 2 (brown),
3 pink) = WA =WHA] dry F rough IH FEHE U
Wiz, AEe] vl o] ol oW  ggeho] Frgh
Ao} Bl AS- wHA smooth W FefS ehiTh AT
¥ dmdete] 73-9- Congored P44 Yehve w3 ghe] £
HAYFE FA 4a7IAZ 73 bl ATh27). S rdar (red, dry,
and rough)3, pdar (pink, dry, and rough)3, bdar (brown,
dry, and rough)® % saw (smooth and white)d So]t} ©]

Table 1. Morphotype on Congo-red agar plate and biofilm forming ability in clinical isolates of C. freundii, E. cloacae, E.

aerogenes, S. marcescens, and Pantoea spp.

28°C (48 h) 37°C (24 h)
Species and strain Congo-red Calcofluor Biofilm CV Congo-red Calcofluor Biofilm CV
morphotype staining staining morphotype staining staining
C. freundii
9 saw" > 1.25° bdar - 0.64
12 saw - 0.43 bdar - 0.24
4 saw - 0.92 bdar - 0.48
1 bas/pas - 0.53 saw - 0.23
6 rdar + 0.94 bdar - 0.74
8 rdar + 0.78 rdar - 0.48
E. cloacae
39 bas/pas + 0.76 bas - 0.68
41 bas/pas + 1.76 bas/pas + 1.55
23 pas + 0.68 bas - 0.81
24 saw + 0.26 pas - 0.25
22 bas/pas + 0.53 bas - 0.51
E. aerogenes
15 saw - 0.55 bas - 0.3
13 pas - 0.66 bas + 0.56
21 pas + 0.24 pas + 0.24
S. marcescens
191 pas - 0.29 saw - 0.05
165 saw - 0.25 pas + 0.11
168 pas + 0.64 pas + 0.58
164 saw - 0.23 saw - 0.46
184 pas - 0.64 pas + 0.51
154 pas + 1.37 bas/pas + 1.35
180 pas + 0.67 pas + 0.76
Pantoea spp.
49 pas - 0.93 pas + 0.7

* Classification of morphotypes according to Congo-red staining: rdar (red, dry and rough; curli and cellulose), bdar (brown, dry and rough; curli only), bas
(brown and smooth; curli only), pas (pink and smooth; cellulose only), saw (smooth and white; curli nor cellulose)
+, production of cellulose or polysaccharides, -, no cellulose or polysaccharides

 Absorbance value (570 nm)
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Fig. 2. Congo-red and calcofluor staining of different enterobacterial species. E. coli strain DH5a was used as a negative control.

57 w29, rdarde] 75 curlis} AEZ e~ E5F A
A, pdar¥e] wFE AERZLAT AN, bdar¥] dFE
curli¥b A 718]3 saw o #F+ curlig} AEEZQ A &
T AR B A0E stk B Aol 2259 C
freundii, E. cloacae, E. aerogenes, S. marcescens 2 Pantoea
spp. 59 Congo-red - XM T3 S A
A3} rdar, pdar, bdar % saw ©]2]o|% pas (pink and
smooth) & bas (brown and smooth) 52| Tkt Fej=Z

wom, el wEbA o el B el tEA vE
wom, T dEHlME o o] FAFY A w9
zpol7b wAE o] AEe wigde] T AR 9 AR A
o7} U= AAKSHATE EgE AR Y] A9 v 259
et TRt £8Pl gEA veb=T, ol curli B
AEZ o 2o] AdHo] &% Hglol 93] 2dE F U2

AR

Congo-red BT} Aol AEZ A e thEFo 2
s Aoz IR calcofluorE o83 FAHS AJaysh
<~

o] A& AXSFE pdar, rdar F pas Fo] 15504 YUERE
O, o] F calcofluor FAolA HS U dF= 115
Aot vk &5 37°CollA= 10914 Congo-red 2A] rdar
9 pas o] S YERAL, ©] F 85X calcofluor A
A oFdS JeRNI) webA Congo-red G413} calcofluor
Aol A7t ISR Gbe T 28°C HIUAl 225 F 4
F, AL 37°C WA 22F F 37} Ao® YERth &
3l Congo-red GAHI} calcofluor G4 LFoA] AEZ O~
£ Ashks Ao® 89 T 37°C widelrE 87
1 28°C HigelME 1132 Jeldth 39, skex 28°C
A= curli A4S AABHE Congo-red HE bdar, rdar
9 basFo] 225 F 450l EFsI o, v &% 37°CellA
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C. freundii

E. cloacae

E. aerogenes

8. marcescens Pantoea spp.

M C 9 12 4 1 6

8 39 41 23 24 22 15 13 21 191165 168 164 184 154180 49

Fig. 3. PCR detection of csgA gene in clinical isolates of Enterobacterial spp. PCR analysis was performed to amplify csgA
gene using genomic DNA of Enterobacterial species isolated from patients as template. Agarose gel electrophoresis showed
PCR results of amplified gene containing csgA. PCR products of 1,301 bp were detected for csgA. csgA was detected in C.
freundii isolate 8, E. cloacae isolate 39, 41, 23 and 22. M: DNA size marker; C: csgA-positive E. cloacae strain (positive
control); C. freundii isolates: 9, 12, 4, 1, 6, 8; E. cloacae isolates: 39, 41, 23, 24, 22; E. aerogenes isolates: 15, 13, 21; S.
marcescens isolates: 191, 165, 168, 164, 184, 154, 180; Pantoea sp. isolate: 49.

£ 22%F % 125914 bdar, rdar %= bas@ o] AT} w}
2hA AER 9 2~0] AYgL 28°CollA] 48A17F BISA] U= &
7¥ehe A=, T12]al curli A 37°CollA] 24417 v A
b5 S7kehs o2 FHHNo, 5 F o ok i
o7 Zlo] agt AoF AlggErh o|He] HileA i
AA AT Arde} BYEFe culidh AES2902 A
o] 37°CHL} 28°CollA AR o] F7150] rdar THFS 1
Ko, o= AR AR esgD EHE FTHE I3 Ao
z 3olg Hl QITks, 17, 22).

AEH Fd5o] 7P EUE E cloacae 41 T} S.
marcescens 154 T+ basfpas?] THFE|9} calcofluor F4d
o el curli 2 AEZQAE TE A AHog =
AE AL, 28°ColA 48417t HIEA] saw ] EAFEE LHERA
759 oF % 25(C. freundii 99} C. freundii 42 A|23 5
T BT 9 AR A NS UEITE ol8E 2
A=< ZJ'IH /\ﬂ—ﬁhoﬂ /\1 curli g]_ A= E.Q.Z:J /kg/\%o] xggm— ‘63
A5 A5 Heo] 98-S AALsHh

Curli ¥ RFXHcsgA) M HHIIME EX

X719l dFEE AL E curli A4 F83 7 o
A csgAd TR B {55 ER157] 804 esgA A
2] B F5E AR 22T 7V 53KC. freundiil
ZF, E. cloacae 45X csgBA(C) operon F-AA7} 15
oW, E. aerogenes¥} S. marcescens 75+ csgA AR &
Aoz YeldtiFig. 3). C. freundiiS} E. cloacael~] <1
B csgd AR ANMET oGS BAE Ax,
7y 7} 150709k 152709 opr|iite 2 o)fofR] Q= Zow
SRIE ATy BLAST #240lA C. freundii 8752] csgd -3
A} @71MLELe C. freundii Fec4 csgA (accession number
AJ515701) Ak A7IMEF LAEATE E. cloacaed]
csgA (EF490314) F-3A= E. coli csgAS} 80.9%, E. sakazakii

csgAS} 75.7%, 18]l C. freundii csgAS}t 67.8% 2] *d5730]
ANE AMEL A7IMLY csgd F-RAAIYI 0] 1ol EMBLI
S =(accession number EF490314)3}31t}

37°CollA] ufjoFsk Congo—red G A curli®] A34do] F4
(rdar, bdar, basfﬂ)ﬂ‘_ 12F 5 curli A4 34K cesgA)7F &
ole HF= 55KC. freundii 15, E. cloacae 49)Th E.
cloacae®] 73%, csgA FAAE HA3SH 4—r 25 bas e
bas/pasZ, csgd XS BASHA] & 15 pas o2 U}
E}ur Congo—red q—z]g} J.zﬂaﬂ)\}o] curli xg/\-lg 2 1:]]—01]:‘]»‘:‘——
Aoz etk 18y C. freundii®] 7BF- 657 F 557}
bdar (45 HE= rdar (1P 2 FRNHA20E B3}l csga
7} rdar® 15709 3RIEIQIA, E. aerogenesg]r S. marcescens
= csgA FTRAAE ERIFA] ghoko) 22 239} 15290 A] bas
Foz et ol dFAAME congored FAH gk
curli A4 ST} curli A AR AEQ A3t X514
Rtk oleigt A= ATl &she EE dEEe
csgA RAE BASAE &S Wnt ofle} 22 wEolEt
AT csgd A4 B 571 d2te AMS BAE
th ol #FY AF & AFoNA csgd FHAE AE3I)
A8l AFEE PCR primerZ2E HAEHA ¥ b2 F79
curli FFAAE BA3L curligs AT 7sAE Jlemg &+
T Flo] Hasity. AEXoE AAZMA curdi A4 FHA
(csgA)7]— slolsl o)A} Al 2 B ¢ o)A ;oj_o]% E
cloacae®] 73-%- Congo-red SHAM|AP gl gt T dF A o]
cutli®] A 2 A ATE digF oz Yehd & e /&
g o] & S Qs ZAeE AlsEnh Euk ofuEl, E
cloacae® 739 csgA GRS BF31R] &8 #F (E. cloacae
24)2] A& FA50| csgdFHAE B3 450 vlg)] A
A @e Ao Z Yeh curli’} E. cloacae-f] AET A 3EL)
=]3= ) rTL/H J;L/] FQ 92 AHoT F q%;}.
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£ dFdxe He 79 F8 dolge s AEd I-
Citrobacter, Enterobacter
Serratia 5] WHEE] FUAT 2255 doE AEY
Aos ZAstal, AERY Axe uigde] 74 dus
ol 7] $13}ed Congo-red THAIAES] Fgt 23 calcofluor
AMS NS TE TS curli A LH|1EQ] csgBA(C) A
Akl 7 ERIF csgd FEA] AVIMES EEACh
37°CollA] 24A12F Wi & BE AT *‘?*@.01]’\1*‘: 259 8.
marcescenss A3+ UYHZA] 20F= EF AET dAF0]
AE AOE 28°CollA 48A17F vlSF & EAoME= 225 &
T AET FAse] Jde AeE RIS Congo-red FH
iR T e 2ARE A d&e w7 F
gto] FAYPGe] tE2A vEton, 39 dSUelME o
o] TP A F59 zfo|7t BE|o] AlEe] nigd
o F8 AE B AT AoVt S AXFEHATE 159
C. freundii®} 452 E. cloacae*| csgBA(C) 34t Y-S
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