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Characteristics of Developmental Stages in Bacterial Biofilm Formation. Kim, Chang-Beom, Jong-
Bok Rho, Hyun-Kyung Lee!, Sang Ho Choi?, Dong-Hun Leel, Soon-Jung Park®, and Kyu-Ho Lee*.
Department of Environmental Science, Hankuk University of Foreign Studies, Yongin, Kyunggi-Do, 449-791,
Korea, 'Division of Biological Science, Chungbuk National University; 2Department of Food Science and Tech-
nology, Seoul National University, *Department of Parasitology, Yonsei University — Since Anton van Leeuwen-
hoek first observed a surface-associated muiticellular structure of bacterial cells in the 17th century, it has
been shown to exhibit an ability to form a biofilm by numerous bacterial species. The biofilm formation is
composed of distinct developmental stages, which include an attachment/adhesion of a single cell, a prolifera-
tion toward monolayered coverage, a propagation to aggregated microcolony, a maturation to 3-dimensional
structure, and subsequently a local degradation. Investigation to identify the essential factors for bacterial bio-
film formation has been performed via classical genetic approaches as well as recently developed technolo-
gies. The initial stage requires bacterial motility provided by a flagellum, and outermembrane components for
surface signal interaction. Type IV-pilus and autoaggregation factors, e.g., type 1-fimbriae or Ag43, are neces-
sary to reach the stages of monolayer and microcolony. The mature biofilm is equipped with extracellular
polymeric matrix and internal water-filled channels. This complex architecture can be achieved by differential
expressions of several hundred genes, among which the most studied are the genes encoding exopolysaccha-
ride biosyntheses and quorum-sensing regulatory components. The status of our knowledge for the biofilms
found in humans and natural ecosystems is discussed in this minireview.
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Fig. 1. Developmental processes for construction of a bacterial
biofilm [5].
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Exopolysaccharide (EPS)— Al 7z} Fof wie} 283
A7y 2710 wel EAAQl EPS £AS Al Ee ol £535)
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xR AE] A7l 994 74 842 wEE
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o] FFEA A-HFF(cystic fibrosis)S doZittal ¥ 1 H¢q]
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= F4e] AR g geh o] alginate ©] 2|2
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V. cholerae 01> EPS A} o] ¥ wje} 5o|dt colony
morphologyS H.0]+=H|[55], ¢l &9 EPS o] 371€
rugose colony(colony FHo] F53) BoFs Hol= o
IR AEL ¥4 T Y GasTe ds S A%
A& Beloh F 7R 44 cluster7t EPS ARl 24
Ho g FHed3vly B FHglEdl, VpsR, VpsT 28] 1L
HapRe|2h= AALEA A} A=23A] DAl oleir A
Ak A7l o] §AA 5 BHE =T WA
[3, 18, 43, 54, 56].

HESoIN - v UAE 37l AETe] Ao sl
A A S5 A 717te] A3 Hue vl &
u)Eoh. 234 Aol ASS A AEEAR AMEE
acyl homoserine lactone(AHL)°] 3Ad€ A& +2E Y
oA &RFHglem, AHL 45 AR lasl-EAHe]
P aeruginosa’= AEY A5 o] A3 Fhage] 1 F
AZA AAEI Y9, 311 AHL @453 0] s 54
o] Serratia liquefaciens®] 735, 25<lA H43 AHLE
A71sb oplFo| ol AEUHA THoE 3HH ]
A=A 12].

P. aeruginosalXe A5 Q1A 7)zte] 23 A3Adw
A Al (signal transduction system)”} rhamnolipid®] 2§43 ol
Fedgelal B3 Eeh8]. &, Rhllll &8 A= AS
4 14 A1 &F2 <l N-butyryl-homoserine lactone®] RhIR
3} Ag3E §F rhlABR operon®] AANE =gt 1 A3}
rhamnolipid®] 3 B wiZe] Yol il Axd AEe] 3
A

AET g5 FE 2HEREA ASS A 2EAR
LuxR¥} A5AE Hol thijAlo] ofg] o AdelM &
g el LuxR AL SR TF Vibrio harveyi®] "3}
Haboll WAl ux AN WS AFH o2 25
Az A2 4 vt LuxR S AdzA v
cholerae2] HapR, V. anguillarum® VanT, V. vulnificus®]
SmcR, 28X V. parahaemolyticus®] OpaR 52 & 4 3l

4 o] A= polysaccharide ol Fodsl= FAIALE
S 24322 A phase variations Y2713 AET Aol
= #A 3keb6, 21, 23, 25, 30, 40, 46]. V. cholerae2] 7%,
A=Y PN = o8 A5 U AR 483l
LuxO =t¥j&o| polysaccharide 48 1= whzql
hapR A1AFS] ZAte]| HefslmR XE 215 EAle| o3
AET FAo] BAMEE AAAE 2] FAHHT 1S,
50, 56].

dAGMTe d4=9 gy

ceFst 379 e A 4 gl Al APy E
ZA el = AEE AT 4 Y Bl = vt QH(39].
53] WA vlAEY A 5579 Az A Al F-
gl 2 9AE pu Hed, old S5 W 7%
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A2 EAe o S]] Wt Alde] A 722 F
ol Aol F-f A2 ST Axe oF 1,000 ot F
718 16). oFge] MAAATS ST FAAke] 4d
gl WE5AQze] B R 2R Al WEIF A AL
2 2 A AEH 34 Alel S 18). wetA] A
29 FAL WA uAEe] AE o wUA w3 9lelA
P AR A e] FH Aol

9 FellA Adg" AET FA A HEdA 2
7z A 8 fdAlel] dig AT w Fel WA
Ag ez grE gt o= dAdTE B35
of WA AJETel 23] op7|HE Aol B H
=9, 4|5 51, AA N9 (native valve endocarditis), %-
o] ¥ (otitis media), % * Al % (chronic bacterial prostatitis),
FEA AFS(cystic fibrosis), XI5 (periodotitis) 5-°] 31
o}H[11,53] (Table 1). 284 AALAXEEES 59,
prosthetic heart valve, central venous catheter, urinary
catheter, contact lens, intrauterine devices S-)ell A2 A
o] PAE 79, ARAEL FAle] opr|H 22 <l
221 A7kl deoziga A Q. rlsedAE Azt
1,7009) £l F3= QFEEE o)A AlEo] A=, A
= 7289 80%7} Ao AETtellA 7]lgeial BEA
£ Axz Ao AET P2 o8 FekiA F8 A
Wiz ge=w oo

ol HEfAIIAM S E d=5

AT Y4 % 2 7)H) B
7ol WY B ARl A AT m A4 AYA
BN WYY £F AT S o] o] Fof
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Table 1. Diseases caused by pathogenic bacterial biofilms [11, 53].

Disease or infection

Microorganisms

dental caries (%)
gingivitis (X-=9)
periodontitis (X5-%3)

S. mutans, Lactobacillus spp., Actinomyces
Fusobacterium nucleatum, Veillonella parvula, Campylobacter spp., Treponema spp.
Fusobacterium nucleatum, Peptostreptococcus, micros, Lactobacillus spp., Actinomyces

naeslundii, Pseudomonas anaerobius, Eubacterium spp., Bacteroides intermedius, B.
pneumosintes, Selenomonas sputigena

otitis media (52| ¥

S. preumoniae, Haemophilus influenzae,

S. aureus, S. epidermidis, P. aeruginosa Moraxella catarrhalis

voice prostheses (21-&FF)
hydrocephalus shunts(3 %)
cystic fibrosis (FEZAAAFZ)
H. influenzae
valvular endocarditis (AW 9<d)
prosthetic heart valves (2134132}

central venous catheter (414 = %)
E. faecalis

Candida spp., S. aureus
CNS, S. aureus, Corynebacterium spp., AGNB?
P aeruginosa, Burkholderia cepacia, S. aureus,

streptococci, staphylococci, Enterococcus spp., Pneumococcus spp., S. bovis
CNSP, S. aureus, streptococci, Enterococcus spp.
CNS, S. aureus, S. epidermidis, AGNB, Candida spp., Klebsiella pneumoniae, P. aeruginosa,

prosthetic hip/knee joint (1332384 534 ) CNS, S. aureus, Peptococcus spp., AGNB

chronic bacterial prostatitis
(A TAEHRAD)
intrauterine devices (RFgH} A=)

E. coli, Klebsiella spp., Proteus spp., Serratia spp., P. aeruginosa, E. faecalis
Corynebacterium spp., Gardnerella spp., Bacteroides spp.
Lactobacillus plantarum, S. epidermidis, Corynebacterium spp., S. aureus, Micrococcus

spp., Candida spp., Enterococcus spp.

urinary catheter (2. =)

AGNB, Enterococcus spp., CNS, Candida spp., E. coli, P. aeruginosa, K. pneumoniae,

Morganella morganii, Acinetobacter calcoaceticus

* AGNB, aerobic Gram-negative bacilli
® CNS, coagulase-negative staphylococci

4 o) njAE £ $ opel Ay ER T3 B
A ez FYHE A0R dEHT, BAA A
AAA A5 E= gt olal] £E2 o] F FAISK= n)
AE T ot d kst FX =6l g B4 5o 1
=9 o

AENE YA AT T2 U3 d73s 3=
B FAIZ dental unit water systemel] AHEEE &
ojuf S-&poll FAH AEH] a7 At 5-
cyano-2,3-ditolyl tetrazolium chloride(CTC) <A ul =}
fluorescence in situ hybridization(FISH)S- AR8-3}e] 282
oroll AETo] FAEE T AT YAl 83 A%
e wekge] dTEAS. 1 AR, e A4 =
712A AdEe] EEEe| 9d5H 2 24sh, QYEt
FA S Aol weh AL A o] g2, TAHE o]
& Al % B-Proteobacteria’} --HEUE & 5 Ui
[24].

A A AR E AES W n|YE debd S A8
9 AN, wiek ol 7128 714 e} n) Y2
& FolellA A M= ule} o] AERE A= FFE A
Z3ln s 2 37} sleH47]. ololl CTC Gk
} FISH, denaturing gradient gel electrophoresistDGGE)
TS o83l ATEH] T2 A ZA o33t AT
HAEH, 74 Al 2HEC ET Yo AFES] o

AbzEb-g-o] B} ghslA) vleld oW, B-Proteobacteria 2t
Cytophaga-Flavobacteriume] &3} Wol] 43S vy,
AEe] 240 Qlelr AE7] o] F3-7Y Fple A
el WEe] glse] XA HATH1]

AF AETE FA3e AT Fxol g A7E o)
Al A= 5L Qle Aeleld], 16S DNAS] 7|23t WhE-E o]
B3t ok AEGo2HE A2 clone libraryZ FAREH 2
%, sulfate-reducing bacteria?} 7 ZH WA FX-3-S- Bl
o] ko X a-, 7 -Proteobacteria, Cyfophaga-Flavobacterium-
Bacteroides(CFB) group bacteria, high GC 32} Al 4,
low GC AT Fo| T8 FAHTAL 2 wagn
[28]. #eF W= P4 27|dA o Hoshe FFEA
Micrococcus luteus, Bacillus thuringiensis, B. megaterium,

Staphylococcus  saprophyticus, Sulfitobacter ponitiacus 5

o] ¥&, A HAU26].
2 o

ol Mgt et o], A Mgl 4E el
AETe) AL Azl BAA, A, 2|5k Ea
A& oplab| % abeh. metd ol 2 sl7alr] Slgk Alofur
W AL 9sted, AT AT g 7 @ AT
5%, 28R AL 9 B SEAN EAH A7}
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degeln. &, A NN Hol= EAsr 74 A
=2l A AAAQ olairt Fasie. ofgw dFdt F
ol Aol AEE AT oM AEFQUA 72hs
8o Haie) zho], 7 Al AeEA W 1 AY
AA ] gk AA7 olalx Haslr}. AIAA] 7zt F
A 223 A o F8 AT dEaA 5ol HEt
AAE 7Hke 2, F8 Ald ¥ a3 AER g/ o)
oA HE Folgta A A uhHe] A7) s
el

#HAtel 2

B AT AP TR Gl wlRlule] 221418]
3o FRATEAFAAN TR AL o} SIS
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