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Most chronic wounds persist in the inflammatory phase during
wound healing due to the biofilm. Biofilms are resistant to
antibiotics, weakening penetration, resistance to biocides and
weakening local immune responses. The biofilm is firmly
attached to the surrounding tissues and is very difficult to
remove. Therefore, strategies to remove hard biofilms without
damaging surrounding tissue are very important. One of possible
strategies is dispersal. So many studies have been done to develop
new strategies using dispersal mechanisms. In this review paper,
especially chemotaxis, phage therapy, polysaccharides, various
enzymes (glycosidases, proteases, and deoxyribonucleases),
surfactants, dispersion signals, autoinducers, inhibitors were
introduced. Combination therapies with other therapies such as
antibiotic therapy were also introduced. It is expected that the
possibility of treatment of chronic wound infection using the
knowledge of the biofilm dispersal mechanisms presented in
this paper will be higher.
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3ol g Zstar 3 Wi (repulsive force)& =55t
O] Fe]A F2E o] &sto] ol F2fsto] 27t W
= w2t o] 55HA fhem 27] IS o] FA| SFTH(Pratt and
Kolter, 1998).
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Fig. 1. The life cycle of biofilm.
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u] =32l A Alssd Al2E

Translocation Attachment



Therapeutic strategies by biofilm dispersal - 89

A= U 4= Qe AR Sl e 2o R
]:.5—4 ZKdetachment)©| 11 FHA| A= Y22
A 3E-E 2] o]5(translocation) o] H}R| 2} THA| = A 2
O] ulj A|of] A 352 F-2Fo]tKaplan, 2010; Fig. 2). 3+
2 BARO 371A] H €] (sloughing)
uFE(seeding) |t A HEHE FAshs ¢
oA *ﬂib} 2o | Zg o]z So] g4z o2 &
= e g/ e 37] dA oA A
S 2 olulaln] 5L A
= -85 3-5(hollow cavity) 2.

Eolelt meA YEshs

¢

~

>,
vl [‘lo
S

B

\

o

oz
o

&2 2 X(erosion),

o
=
ol
)
l:l

ACH
omm%Hm{n »Pﬂi

N
-

o]
Al

1Rt H>

2
L I
)
lo
2

5
T
oo

i
T

PfU oo Lot N L e Ho oX Hr

ot & & o

lo T ¢
)
Sk

QHHOI X|=0iM =22 EXE

Bufo] 245Kz B elobs T e 9
ol A1 20l ofoh g & Ak (1) A2 25
IHOH x| #8} Q12K resistance factors) 2] A} Z71, (2) A E
717dol| 27t FAE AR, (3) 2 55 ol W W2 pHoll
ol AR FEAEE (4) HAPA 0.2 w1 el A A=)
ZA(Mack et al., 2004; Lewis 2005, 2008; Costerton et al.,
2007). of 2l 54 Fatol, YEute) wpelzlols g 4
Efj o] Az H e} YA of 1,0008) o) WA Ee A e 2
=tHHoiby ez al., 2010). & &, dlH&] YA Foi= <
ZUe X R A2 w93 S04 2 A4

OF=t}(Secinti et al., 2011).

—~

OHEOIM AEat| SR
AEHRe WA el A 7S FEslshat Sa3 9=
St AEE-2 F/33  acute wounds) o= THR] 6%1Ho] 4|
SR RF A AA ol = 90% o AF Z RSl Attinger and Wolcott,
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jof] J&-2- n]Z i Wolcott and Rhoads, 2008).
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Table 1. List of active dispersal mechanisms that may be useful for wound infection treatments

Mechanism

Nutrient-induced biofilm dispersal
(chemotaxis)

Agents

Various carbon substrates (succinate, glutamate, citrate, and glucose), nitrogen substrates (ammonium
chloride) and metal ions (Hg', Ag’, Fe*', and Asy)

Environmental signals by various changes

Nutrient starvation, oxygen tension, temperature, osmolarity, and pH

Phage therapy

Many phages encoding EPS-degrading enzymes; T4 and T7 engineered to express recombinant dispersin B;
T7 engineered to express lactonase; phage carrying colanic acid-degrading enzyme

Polysaccharides

Exopolysaccharides, capsular polysaccharide and chitosan

Enzymes

Glycosidases (dispersin B, alginate lyase, polysaccharide lyases, disaggregatase), proteases/peptidases
(serine proteases, cysteine proteases, metalloprotease, autolysin, Spl, proteinase K, trypsin, and lysostaphin),
and nucleases (DNase I, DNase 112, Staphycoccal nuclease Nuc, thermonuclease, and micrococcal
nuclease)

Surfactants

Phenol-soluble modulins (PSMs), Rhamnolipids (mono-rhamnolipid and di-rhamnolipid), and SDS

Dispersal signals, Autoinducers or
regulators

Amino acids (D-amino acids), polyamine (norspermidine), peptide signals (autoinducing peptide (AIP),
AIP-1, RNA IlI-inhibiting peptide (RIP)), acyl homoserine lactones (7,8-cis-N-(tetradecenoyl)homoserine
lactone, N-3-oxo-dodecanoyl homoserine lactone, and N-butanoyl-L-homoserine lactone), quinolone
(2-heptyl-3-hydroxy-4-quinolone), glycopeptidolipids (monoglycosylated fatty acylated peptides), phenalzines
(tricyclic pyrazines), fatty acids (cis-11-methyl-2-dodecenoic acid and cis-2-decanoic acid), nitric oxide
(NO), proteins (CsrA and BdIA)

Inhibitors

Enzyme inhibitors (N-ethyl maleimide (NEM), and the NEM analogs N-phenyl maleimide, N,N’-(1,2-
phenylene)dimaleimide (0PDM), and N-(1-pyrenyl)maleimide (PyrM), signal inhibitors (BdcA and
siamycin I), QS inhibitors (5-imino-4,6-dihydro-3H-1,2,3-triazolo [5,4-d]pyrimidin-7-one (G1), halogenated
furanone, and Meta-bromo-thiolactone), and peptides (human cathelicidin peptide LL-37 and peptide 1037)

Combined therapies

Antibiotic & enzyme, antibiotic & chelating agent, antibiotic & antiadhesion agent, antibiotic &
polysaccharide, antibiotic & dispersal signal, antibiotic & phage, antibiotic & photochemical, phage &
enzyme, enzyme &enzyme, phage & phage, chelating agent & antiseptic

SH4HSIet ZH2 Sk A(chemotaxis)
T E71 A WHE', Ag', Fer WA 9H L 50l

o}
chopeh b efobol 4] sfeLRA S fmste] RS

Escherichia coli®} Salmonella enterica = THo| A curli

fimbriae 2} A &2 @ A(cellulose) FTAIS 243 +=

i)
jabad
N

o A xHmaster regulator) 21 csgD A}A| Q) W2 FoFAH, AbA
BAIA 71T}, 3t At Aabo) o2 <5 A14FE (succinate), = -2 oxygen tension), =, AHF4L, pH 52 thaFsh 3441 S
ZebAlod(glutamate) 2 3 = (glucose) Tt - B A7) A 9] of oJsl(Hammar et al., 1995; Rémling et al., 1998, 2000; Zogaj
& 8E& 7H8A Z71E 218 Pseudomonas aeruginosa) etal.,2001), “12] 3L 5} <5 Q1A K(integration host factor) {1
79 s YRl YA Fo] oF 80% gkl Bar H-NS, 7 7FA] Adst kg 2821 OmpR B! CpxR, 12]31 %

HTHSauer er al., 2004). o|&} o] QRO = A AEul B}
(nutrient-induced biofilm dispersion) H -3 XK iC) 2] 2HE
%710} ool 455101 HAHEl Ao A] LB AR piL) 0]
Ao} W3t T o] Qi(Sauer et al., 2004). P. aeruginosa
O] a0/ BARS 913 A A 71 24 7| (sensor regulator) =
BdlA290] 1 ¢-di-GMP 3|9 &S HH=tHMorgan ef al.,
2006). ThE o 3tof w2 2 mM o] AAR(AgNO;), 2
3HE(HgCly) EX H|AR}FE B(NaAs0,) 2] A7} = A4 bl
Ao 20 mM <3414H2] 3471 71913 BAIA B/ 3HE 3t A=
o Babo] G- | QItMorgan ef al., 2006). A= A Q) 7+
=2 A Ao A= pgs Al2Fl(pgs system) 5-3H(Musk
etal.,2005), S22 2] o] A= F=A] H(rthamnolipid) ©] A
A T2 E 5 HAIFITHGlick ef al., 2010).

B

u] =32l A Alssd Al2E

A 7] A1 Z1mt Q12 RpoSell &]8l(Gerstel et al., 2003, 2006;
Jubelin ef al., 2005) WA sHA =& =)

OS] ¥ B Tk AEOf] HAMS =l Marshal,
1988; Delaquis et al., 1989; Sawyer and Hermanowicz, 1998;
Gjermansen et al., 2005), G2 717F 525, RelA/SpoT 5=
Al(homologs)®ll I3l /4 H 415 &2 (alarmone) %1 ppGpp
7HAIEE AR 2 feste] BlE] el = dRigieh dF
B AL P. aeruginosa (Schleheck et al., 2009), P. fluorescens
(Delaquis et al., 1989; Delille et al., 2007), P. putida (Gjermansen
etal.,2005,2010), 712 2L Pseudomonas sp. S9 (Wrangstadh et
al., 1989)°] oJsfj A/l FETo| A &2 = ik =5
Atk P. fluorescensi= FFAY LR Qlsto] A|a &f thdi

B3} & Ax(exopolysaccharide lyase) A4} A-Ea} HAto] =
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718 & B =5 X W Allison et al., 1998), P. aeruginosa=
W= 7] A7l Al ZZof| A 7IAHE 3] F Ax(alginate lyase) &
do] HH 2 F=E UHOtt ez al., 2001). ©] 2] 2] W2 A=
o] ofg| F7-9] Hie| 2ot A =/ A&t F Aol ek vt
712 A708kaL It Lemos ef al., 2004; Nguyen et al.,
2011; Vogt et al., 2011; Chavez de Paz et al., 2012; He et al.,
2012; Wexselblatt et al., 2012; Sugisaki et al., 2013).

P. aeruginosa 432 53| A E(flow cells)Q} Z] A %]
(minimal medium) 2 BjoFEl A Eato] Bh4:7]2 /-84 9| &
A5 {14 0 FAT5710] W §5tol E4rE| gl Hunt er .
2004; Sauer et al., 2004). 2|40 R]o]| 4] SFEAME (glutamate),
2= A4 4 (succinate), T-AAF S (citrate), g W AR E
(ammonium chloride)¥} Z-& t}okst B4 L 21490
%7} P. aeruginosa A=} 83|71 Lo dti(Sauer et al.,
2004). Z1)5A &=, HIS2Rt §ES-0] P. putidaol| x| = 3l
o, o]= AET F/do] YT FUEe FEH N
23lth= A2 g o7 ou]gtti(Karatan and Watnick,
2009). T3t G =19 Z7}= Acinetobacter sp. GJ122]
AEU BARS © w519 3l(James ef al., 1995), £ A8 %] o] A]
)R = o) T A 2] Wste} ZhE o oFas S o) Wt A E
ok BALS S =3t James et al., 1995).

P. putida’= At 0202 A E9F HARS: HH) 31(Applegate
and Bryers, 1991), A8 &4 &0 A A == 714 dekd
A|++Q1 Shewanella oneidensis= AtABZ0] FAGE ZH40]
ol3|| Aldstal mabA © &2 A/ H AEuke] AR F et
(Thormann et al., 2005). E3F, A4 Ao ¢-di-GMP 2] Zha~
& E3|| P. aeruginosa =520 BARS Gt An ef al.,
2010).

3V Vibrio vulnificus= G522 532 0| AE-7A A
A 28 XK master regulator) Q] SmcR7} E524
57}o] Sl Ko 49) ClpPAS} Lono] o]af Haf o]
= &Y thd-F(capsular polysccarhide) 2] A A2 A &S
2 AET B O =3k 4> Q)tk(Lee ef al., 2018).

Lo

I}X| 2™(phage therapy)

Th Tl i T v ol Fo) ARUHE AsHe
o] a3}+4 2y o| 2 o] & 7] 7]y o] Zhal(filtration membranes)
oA A7t A= A 4= Itk Sharma er al., 2016).
W2 ulx]= EPS £33l & A (EPS-degrading enzymes)E 4%
3}al 4= Q1 al(Hughes et al., 1998a, 1998b; Sutherland et al.,
2004), A|gH/do] =& 1174} vle| g oto] A4S 4= glow

(Burrowes et al., 2011) 2 A 23+ B4 B (DsbB)E 2a

St 24 T4 9 T73 22 A A 9h4]| & AMg-ghct
(Chibeu et al., 2012). 3+ ZHE 7} 58} & Ax(lactonase) = 2t
A== A T7 9hA]= B2 v 2l otol| A AHLS &3l e
ek B w]Q] 0 W P. geruginosal} E. coliz E31% A&
ot A 31491 21 2 2 UERGTH(Pei and Lamas-Samanamud,
2014). tj=0], ZYAF B3} & A (colanic acid-degrading
enzyme)E 71 oAl of] &gt 22} > Febd Ak v A
Ak 2] WA HhE|Elore] g oA o JItH(Kim e
al., 2015).

C}=H2(polysaccharides)

A 3E 9] Tl R (exopolysaccharides)= A ET F Ao Q.
St AL} A 3E 7H(cell-to-cell) = A9} H 7H(cell-to-
surface) &] A& 285 703 Lt 2|o) Sl o5t
H A Al Al @) thd-ie the ol o8 =1 34
o] AR =) AU B} HrhaL gt} of| & &01, P. aeruginosa
O A3 9 th = | 2ok 47 SAIsHA] ghorAf ofu]
A= Staphylococcus epidermidis 2} S. aureus A-E9-2 1}-1]
3K Qin et al., 2009). E3LE. coli HF-50)| 4 -85t 5284 71
£7 PR B 9IE ekpd R e AR Ag et
A TH=tH(Valle et al., 2006). 3FH, Listeria monocyto-
genes, Bacillus cereus, S. aureus, S. enterica L P. fluorescens
of ol 2k A<at Al ko] 7| EAKTERR-0] 2ol o
Wh(antibiofilm) & 1}7} 91-2-0] =% tHOrgaz et
al.,2011). £ A=t oh 7 AR vt 2lohE 3+t
BAAZ717] 1%t sz Hlo] 2 B X(probiotics) ZX -85
ARE-E 4= 9JthRendueles ef al., 2013).

B

24 JE6lEA, HHIEESIS A, DNA Ssligh

AEute] AR 2 thdR, Tl 9 A E 9] DNA
(eDNA)E F= E3sh= AEYf 7|20 a4k 41HE 5
3l whAysh o= Q)31 o] 23t 7| A Eafjads dFo JEsa
&, S AR E L e S A4 o 7FsA o] Tk 1
B A Aol A S Al Bt 7] R o] 2AJ o] T, Tk
% F1= eDNAQIA] Yool Akl § AE ARE-SE <= Q)Th:

FEI| B A Actinobacillus actinomycetemcomitans©]| 2]
3] A &= 7l 4 F B-hexosaminidase 2} &2+
dispersin B (DspB)+= H}e|| 2] o}2] H ] =227t 2] A poly-
B(1,6)-N-acetyl-D-glucosamines (PNAG)E A tt5}4 11(Fey,
2010), S. aureus2} S. epidermidis AJ=21} 7€} PNAG S5
vk 2lolof| A = & 74 0] ¢]tiIzano et al., 2008; Kaplan, 2010).
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P. aeruginosa®] EPS H3)] @401 L7IAHLS| & A (alginate
lyase)= G714H o] waljoll ofsf ule|ejolE HEut 7| d =
B 2 A7]=d 719951 =Tl(Boyd and Chakrabarty, 1994),
71 o= A B s H NS v YX1AT A (algi-
nate)©] mannuronic acids?} guluronic acids 2 A thg-+
A A2 Fa3t 4 84 5 shto] 7] wjiZo|th Al
9] thro) Aot ¥ 2 Sl AEE A E SXAI7 =
ttRE a4 P. fluorescens H P. syringaeol| X = A4
T et Allison ef al., 1998; Preston et al., 2000). 1 2]o]|
disaggregatase+= LAt Q1 Methanosarcina mazei®l| 2J3] Al
A=) 30(Xun et al., 1990), a-oF U }oA| = S. aureus ol 23]
F4E AR ATHOR Z o700 AR S A
ShAI AT SRS, epidermidis A2t et SR T3
= UERA] ehskeh MR Xg7HA] 71 Ak 9l A
AAl= B. subtiliso| A Z2] 3 a-obdetobA| = HAE et
(Craigen et al., 2011).

ol 2 53| & A~ (proteases/peptidases): 771 2] A2 (serine)
HH 2] B3 & 2x(Ssp A2} Spl A-F), 2711 2] A| 2 H] ¢l(cysteine)
W F S B Ax(Ssp BLFSep A), 17112] Fh 2 Zoffa
[metalloprotease (Aur)] & 3Z3F3t & 1071 2] Eu| A chalz] 2
a7} S. aureus©l 23l AYAE 2 1(Shaw et al., 2004), o]
= AR B4 2 B2 AT 73 Thl A o] Haf

2} AEUFo] ol A SIS 7FA Yt Zielinska ef al., 2012). T

o
o

d
B35}, F-H(murein) 7Bl A4S BolEHO0 24 eDNA
9] vk vk gttt B 11519 ciLister and Horswill, 2014).
P. putida =57 =|A| 952 21 7| A Q) thd-R-E Al 3o aL
A 71= FH A 322 el 2] (periplasmic protein, LapA)-S- A th
3} microplate wellsO| Lt A EZof| A v FH e ozH
B} A2 9= A)71tGjermansen et al., 2010). S. aureus | 4] A
SZ9] The A Bl & 4 ¢] aureolysinT} Spl-&- ¢ & sl 44
A= A ABHA A1 229] =1t /g o] AAIs] 715t
A(fluid effluent)o]] ZA5}= FH-AE7) A &

£
iy

[e)
T

st

B

£

(Boles and Horswill, 2008) S. aureus 222t BARS 9|5} thal
A Fellaao gdS QR ok shA| gk o] & T E &

Sl maxo) AL obA] & A Q1A efthKaplan, 2010).
1 @]of proteinase K&} trypsinS. aureus A-E9H-2 G140
= v A %] 31(Chaignon et al., 2007), Al &2l 7=
= )= A LA U endopeptidase 1 lysostaphin-S

u] =32l A Alssd Al2E

(Belyansky et al., 2011a, 2011b) T
epidermidis Q7d5+2] B &4

et al., 2005).

2 S aureus2} A~42] S.
2 A At Walencka

SHALELE) & A(nucleases): DNase [+= AE2F L2 Ujof &
AJ5H= eDNAZ 23 A Z1THQin ef al., 2007; Zhu et al., 2007;
Guiton et al., 2009). DNase % 2] 2 Staphylococcus 2} Entero-
coccus @] AET &AL 1k 1(Guiton ef al., 2009; Mann et
al., 2009), A oA (in vitro) o|v] B/ HETS EAMA]
Zth(Izano et al., 2008; Guiton et al., 2009). DNase 1 2] A} =3}
e 21, pulmozyme-2 g3EAJ A1 -5-2(cystic fibrosis, CF) 22}
£ A &8t 53 790l ARS-E] QlTH(Shak et al., 1990; Fey,
2010). DNase 17} Haemophilus influenzae, Klebsiella pneu-
moniae, E. coli, P. aeruginosa, S. aureus X Streptococcus
pyogenes©l| Ol A A=) 25 7 5HA siA| A3
3(Tetz et al., 2009), E3F Streptococcus pneumoniae ] 671 2]
QU4 s8] Rol Tg AL g Bl S = RchHall-Stoodley
etal.,2008). S. aureus?} P. aeruginosa A§=2+o]| o gt DNase
13} DNase 112 (20 pg/ml)+= 242} 73t &1 &4 = Uhet
WK Eckhart ef al., 2007). EEA; FL-2] ARG G4
Nuc®] g o] A4 ol A a1t B2 HAaAIX W nuc
EdHol= AEY F4S AEHAIZIMann ef al., 2009;

Kiedrowski et al., 2011). Thermonuclease &=+ micrococcal

B

nuclease = 4] Z deoxyribonuclease = S. aureus A2} ol 4]
Az BEaje) T E A o2 A A griMann et al., 2009). S.
aureus S92 thermonuclease S EZ§Fslo] 2| H oA =7}
3l DNA 3l a 4 (deoxyribonucleases)o]l 2]3ll microplate
wellsol| A 7] B2 =22, eDNAZ} o] Fof| 4] =9 A E
712 FE2FelxHadhesin) Y-S e tH(Izano et al., 2008).

7HHE A |(surfactants)

AE EARE ThRE R o Al 2/ Aol sl i
QLT BAbe) S AT S4 0] vsh Y AEo ) A
A2} A= 4= )tk Phenol-soluble modulins (PSMs)+= tl -
B9 S. aureus AYE=1tol| X7} Q= AlH LA g2k 22
H]E0]&(non-specific) 7|2+ LFEFHT(Peschel and Otto, 2013).
L-Rhamnosyl-3-hydroxydecanoyl-3-hydroxydecanoate (mono-
rhamnolipid)2} L-rhamnosyl-L-rhamnosyl-3-hydroxydecanoyl
(di-rhamnolipid)-& 3Z3Fst H= 2] 22 P. geruginosa©l &3
MAFE] A 3E @] Al ZAJ A 0|t Soberdn-Chavez et al., 2005).
SERER L S P ERES R ERE PE
W A 280) MRS AT RUAE 1S o
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] A=t Zok2Fcentral hollowing) @ &4 Be|Z G
THNeu, 1996). T th& AlH /4 A4Q1 SDS= FU5o=
3f BARS o o Atk Boles et al., 2005).

ot

of

EAMMS(dispersal signals) / X7 FSEQ XK autoinducers) /
XHEOIXKregulators)

A7HFE QIR = 2 Q1A= Acyl-hormone lactones, Af|3E
OF M| 227t A7 e ERo| B, EHAbd A WAL D-otu] A 5
& I, BAtol Tt 415, A7H R B 28 1R)
ofl 18} = EThE AP WA|H 0.7 2271 0] wsjo]
Sato] 22} EL 290} 20 HEP O Yokl 2UL

|5 BAE F o] o) Al
of it

obm| Al BANEQ B. subtilis7} AY/dEE D-ohu] AR o]
u] FAE YEE DA H LS. aureusL} P. aeruginosa©)
olgt &Y A4S Ateh=dl s 3} o] 9lthKolodkin-
Gal et al., 2010; Hochbaum et al., 2011). D-o}u]| = AR 2k
A G AL S 282 WHel|5kA W (Cava et al., 2010), A 32 EH
of thal = o] =4 3l(localization) S H}A| &0 24 AYEu} B
&= 213 7H54 o] QlthHochbaum ez al., 2011). 12 u}e|

A

& 5ol A 2] gurAl HEks Algd 4= 9o
(Kolodkin-Gal ez al., 2010), whaba] o] & W A1¢] o] gl &ut
Lol 883 4= ¢lth(Kostakioti et al., 2013).

E-&]o}l(polyamine): Norspermidine 2 A| i @] TG H-E %
2 6 7 5o D-ofu| ikl AFH 2] Q1 v © 2 Ah-g-5)m, o]
3} norspermidine 8] A&} o1& EAN-L B. subtilis, S. aureus
% E. coli ] Y= (pellicle biofilm)ofl 4] 2= i w)
epH 54 AIZ 9 chgRe] AsH] 9o TAE norsper-
midine X 78} F2jopil A28 FAET A R(antibolfilm
approach) & 2 4] D-o}u| 1= Ak} $17| 0]-8-2 4= 91t Kolodkin-
Gal et al., 2012).

e} 413 (peptide signals): 17} LS| =(AIP) =
agr (accessory gene regulator) &3S E3f 7|2 A=9
A3 BARS: Gtk Yarwood ef al., 2004; Boles and
Horswill, 2008; Lauderdale et al., 2010). 0] 2|3} agr A| 282
LS BAA7]7) 91gh AT SR e] ef3he sk vhal

3] & 42} phenol-soluble modulins (PSMs)2] ¥H4l-S G- &=
ol ABEut Aefjoll A Ff el = H2hi]ZIch(Peschel and
Otto, 2013). S. aureus7} AAVoH= A7 =3 Elo| = 1 (AIP-
D FAIZof A BiFE S. aureus AE1t2] ErE](sloughing)
£ §=3lcK(Boles and Horswill, 2008; Lauderdale ef al.,
2009). AIP-1= 7| 21 5.&) Thaf 2 B8l § 4~ 2] aureolysind} Spl
o) IS AoF = H(up-regulating) - 24 =9 FAbS
7§ &k 4= 2lth(Boles and Horswill, 2008). agr A| & o] 2] 3]
Ao == 10709] A2z o] Tl 2 Fal| & A= < Thal 2l Fos)
5 4 aureolysin (aur), 271 2] A|AH| Q1 Th 21 B3] G 4 (scpA
9} sspB), 77H2] Al Tl A28l & Ax[sspA (V8) 2} splA-F] 7}t
UTHDubin, 2002). FH0A] B2 344 o2 24s=
RNA 11T 2} A Helo]| =(RIP)= A A W ol A(in vivo) S. aureus

A EAFS 7 A1 2 4= Q) 9 TH Giacometti ef al., 2003).

i HE

Of

o}4l 5 &2 A)@2H-E(acyl homoserine lactones): 13124 1)
g gjo}o] 2]&f AJ4H=]=N-acylhomoserine lactones (AHLs)-2
Vg % AT ATFREIA 2R F shbolthFuqua and
Greenberg, 2002). AE12} 24k} 2 E AHLs= Rhodobacter
sphaeroides©] 2|3l RBAFE 7,8-cis-N-(tetradecenoyl) & HLA]|
H-E=(Puskas et al., 1997), P. aeruginosa®]| 23} AA+el N-3-
oxo-dodecanoyl Z WA 2-E(3-0x0-C12-HSL) (Wilson e al.,
2004; Purevdorj-Gage et al., 2005), “12] 11 Serustia marcescens
2} P. aeruginosa®l] 2]3l A4 %l N-butanoyl-L- S A A=
(C4-HSL) (Schooling et al., 2004; Rice et al., 2005) 5-°] ]t}
oA & (wild-type) AJE1of ¢]214d(exogenous) C4-HSL-2
H7VebH AEaf BAMo] =& =d|(Schooling et al., 2004;
Dong et al., 2008), ©o]+= Hc 2|3 = AYTHA] G- AR rhad 9
gl osf Eiks =T Aog FHEtH(Davey e
al., 2003). T3+ C4-HSL A& = Serratia marcescens A§=9r
o] &ao = PA] AL tHRice ef al., 2005). 7,8-cis-N-
(tetradecenoyl) A HZHE-2- oful EPS A4 R. sphaeroides
o] 2dE& Sl F748 A EAke =R th(Puskas e

al., 1997).

FA=E(quinolone): 2|14 Pseudomonas quinolone 415 T
+= PQSEAE & A 2-heptyl-3-hydroxy-4-quinolone-2 micro-
plate wellsol| A 8| o8& P. aeruginosa A E1o] BARS:
G &3k (Pesci ef al., 1999; Dong ef al., 2008). o] A=
PQS7} P. aeruginosa &0l A 94538 G5l A2
APEIF DNA ®&-5 ti7fghchs 21 R o5 glth Allesen-
Holm et al., 2006).
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kil 2] A(Glycopeptidolipids): Glycopeptidolipids (GPLs)
= Zko 7P A A-wkR(oligosaccharides) o] 28] =712 HE =
SRS X kil HE| =2 7] 3]/ ¥ Yaf(opportunistic
pathogen) Q1 Mycobacterium aviumol| x| &9 EARS- ujj 7}
SFcH(Freeman et al., 2006).

!]]‘é'xl(phenalzines)' Pseudomonas X Streptomycesﬁ‘—iﬂ

TTES e 2

o}o]| 2] 3} /\”Al-ﬂ tricyclic pyrazines+= H]% 7]2_}0] Zé_" ot
A QA AHE AETre] HALS G =3 4~ Qlti(Kaplan,
2010).

Z|W}AH fatty acids): T TF= &35} X HMAEQ] cis-11-methyl-
2-dodecenoic acid (diffusible signal factor, DSF)+= &4 7]
2] B3| 7 4~ ¢ endo-B-1,4-mannanase (Dow et al., 2003) 2] 2+
Ae FF2EsAY c-di-GMP2] =
Dow, 2004)-2- £35}0] Xanthomonas campestris || A A &9+
B AFA) 71T DSF 9] 3t #5291 9] 914 cis-2-decanoic acid+= P
aeruginosa 3 A& fi, 2o & thekRt s /d it 1Eed
F(fungi)ol| A AET 71" o] Eaf 2 AY
o 2ARS %Eé}% A0 2 et Davies and Marques,

4722 (Crossman and

AF3HA Ax(nitric oxide): A13}2 A~(Nitric oxide, NO):= & 7]
A iAke] YA AAER, BdIA 2 37| Ad(aerotaxis) -4
A= 3t c-di-GMP =& 2] ZH ol 2| 3| P. aeruginosa =
"H(Barraud et al., 2006), NO2] HNOX Z(family) 232 5t
c-di-GMP =3 9] 24| QJ3%t Legionella pneumophila *Y
Edl(Carlson ef al., 2010), 12|11 54 YW/ELE F3HA
(chemotaxis) HF-3-2] Z & o 9]t Nitrosomonas euroapea *Y

="(Schmidt et al., 2004) 2] FARE F-55k= A 0= UERSE
c}. NO 53 A|(donor) ¢ sodium nitroprusside 2] 2214 27}
= F | AK(sublethal) F%=(25~500 nM)o]| 4] o]u] &A% P.
aeruginosa J =9} T2 (colonies) 2] ] & G Edl=1] o]=
F A TFE v He Al 9] Al 2 A NOTF 2Hgateh 2
= 2UtHRomeo, 2006). ©] 2]o] NOof| oJ3F AE1f A
07| wo o2 vk gjo} 5% 9JriBarraud et al.,
2009).

w1l

flo flo

el A (proteins): E. coli A=) A CsrA L] S e= A E
o BARS Q] © 71t (Jackson ef al., 2002). o] THal 2.0 3 1 0]
AIELA]-LS- 95k Al @ W[ Z(master operon) Sl flIhDC 2] 984

u] =32l A Alssd Al2E

)

o

—=

XA

Rl

Atolt}. oFal 2=
5t 817 @ 00| 9J3t P. aeruginosa ] AE9F HAE
ZA 21} Q1 BdIA7} B4=2& o|tiMorgan et al., 2006).

o2

=
L 2EgAY B

r
)
L

g

ANy

UIJ
i
flo 4

L orlo N
2%
o

AKX [(inhibitors)

OﬁﬂxﬂL " AT -2 A g 1ol oSt
= 2452 A= 2-8-Al(blocking agents) o]t} Y- <
AA = A5 BAS A5 JA gt e 44 2
chetet. o] g3t AAA| A= AU AN EE A

S,

N-ethyl maleimide (NEM)2} NEM -F-A}A|(analogs) N-phenyl
maleimide, N,N'-(1,2-phenylene)dimaleimide (o0PDM) % N-
(1-pyrenyl)maleimide (PyrM)Z 3£3}8}+= GImU (N-acetyl-D-
glucosamine- 1-phosphate acetyltransferase) o] tj3}sl= G4
AR SL sleE T a2 ABte] ZAst P
aeruginosa, K. pneumoniae, S. epidermidis, Enterococcus
faecalis®| VA4 el gtol chat PR AL 1] F9)
TtHBurton et al., 2006). GImUx 1ok g Fat 13-S-A)H-9)
| 227kt A Ak o] B AT ) S shE Sk
H(nucleotide sugar) UDP-GlcNAc 2] A3 of] #of3ttHRaetz,
1996). =3+ UDP-GlcNAc= E. coli®} S. epidermidisol| A A8

=9 & Ao I Q 3} B-1,6-N-acetyl-D-glucosamine T}g-5 5
ZH2-2](adhesin) 2] 314 of] I-oiEkcK(ltoh et al., 2005).

AT G AR A 2] BdeA Tl 2l 2 257 Aol A a2zt
SEHE A o] Aeb S 2ok Al W AT ER
QI(R6mling et al., 2013) ¢-di-GMPE- 28] = A4 &
LS FEslo] AET] BALE F7MAI7ch )= BdeA )
c-di-GMP 23} 213} 2702 o o o= o
=2 23t Ao|thMa et al., 2011). ¢-di-GMP 2] Z7}= &

o7 /\ﬂ:ﬁ g 1;]_1;]-%_ ol /\—15_4 /%M]-Zﬂ. o] 05/\—]4 7Bl—
0

Ll
25 7HA 231, ¢-di-GMP 2] A= Bt B35 {850
Euro] BALS §&=3tt) Siamycin 12 FsrC/FsrAo] 25t

GBAP A3 AY AAA 2 A A e}el Ba & A (gelatinase) 2t
Aot Bl g 4 AEHA-EA] 1) 2 (gelatinase biosysthesis-
activating pheromone, GBAP)2 A3t}

271 A A A 21 5-imino-4,6-dihydro-3H-1,2,3-triazolo
[5,4-d]pyrimidin-7-one (G1)-2 A& A P. aeruginosa®]] 2]
3| =5 A|3E €] DNA Q] 92 T4 4= ARAAL P. aeruginosa
9] LasR tHiZlof| Agls}o] 31 (downstream) -3-2A} W&l S
T2 Al W o2 71A] lasR 24 5499070 o5
AlZAtHTan et al., 2013). A& 2 A5} F21=(halogenated

furanone)2 P. aeruginosa A= AL A5t THAl
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Pseudomonas 7370 2HE] AHFE H5519 0 YA
¢l EHefuto]Al(tobramycin) i} FHA| AU A BIE W9
2= 9] 9JtHHentzer ef al., 2002, 2003). 32 15} e o 71
BHEl Luxk 819182 5] A 547042 ¢ 4531 Manefield
et al., 2002), meta-bromo-thiolactone-2 B YA} 1=} v 2l
AET P oure Bt obel, Caenorhabditis elegans
(N ERmPAZ) W )17FAS49 HIN|ZE P. aeruginosa©l] 2|3t
AlE 2R E X 53519t} Meta-bromo-thiolactone (mBTL)-2-
= 7VA| P. aeruginosa E&5=3FA| =821 LasR1} RhIR 2]
oA 2 £5) S A4914H2) 5] 2 Aok (pyocyanin) ®] AALZL A
2l 849 178k tHO Loughlin ef al., 2013).

SHH 017k cathelicidin ¥ ] = LL-37-2 P. aeruginosa
o xpekstar o] A AR are] HalS b4
¢Jth(Overhage et al., 2008). H €] = 1037-2 uf-$- oF
A2 LRI, T13kS A WA P aeruginosa
urkholderia cenocepacia®} 15394 L. monocytogenes
AU PAS Anba o 2 | sho] AEaol| A Al
Q13iTh. P. aeruginosa©l| A 1037-& 2141 9
o] 31 7 P(twitching) -SE4S A=3}3L A3

= ThFeE ARk S Ao 24

A3l gicH(de la Fuente-Nufiez ef al.,

o
b

)

=2
Lo
oX.
o

s

l‘_?L‘ J?l oZ
et o

o
CO
u

1

2 2y
e o w
rﬁ o ot
ot do o
ox Hl
o net
N

o= Mo mX
=]
=X
ol
o,
=2
o
2
ol
i)

ml J
=
tlo

X

N
i

|o
kuor

[\S}
[}
—_
\S)
~

0%
ol
0

rE

i
F

(combined therapy)

ot
o

AR R R AL v A
F o] ALgE o] gtk et of M
P A o] kA7l A ek Al
A AFaRo] L5 BA S o g3
a3} 5Hz W S o] ol Aol gtk of
PRI R B ThE AT e th
sho] Ao &I o & 4 ek 4

stol] Tst 7Hs sk X R AR A Be 2350l

N
N

]_

O:

o rr
o

£

oAl

ol
E
flo
ook

2
o)

1 oo
o

o

o

=)

o2

i)

iy

ox, |

Sorfo w2 8 g0 HoS
=y
:
!
rich
;

=
)
32
o

A(dispersal agents)of| 4] TH2FE] 21 tLauderdale et al., 2010;
Kaplan et al., 2012; Shukla and Rao, 2013; Reffuveille et al.,
2014). J1/d o2 H7He L7lAL Eall mde Nl A ek
H P. aeruginosa Azl Tt A X A A Q] G35 F71A
71t Alkawash et al., 2006; Alipour et al., 2009). 9| & 5] &

Al Bl 742} Alefufo] Xl(gentamycin) . &2 ABEURS 9
Qb i FAI RS W AETFe] F2of Aogl= viEH g

% it (Alkawash et al., 2006). T A =]
YA ol Tt BlE] 2] o} =32 DNase I 4| Stof| 4] 57}
At = o x| A R2uto] Al(azithromycin), 2] (rifampin), |
HEZ 21X (levofloxacin), ¢34 H(ampicillin) W A ZEFA]
(cefotaxime)-2 DNase I (5 pg/ml) Q] &2 Aof] Bt} & 314 o]
A Tetz et al., 2009). Candida albicansE 43EH 2|4 B
(amphotericin B; 1 pg/ml) @0 2 X 2]31H A Z AJE80] 1
log10 9] 7+48}31 DNase 12} 34| 2] 2]3HH 3.5 log10 T+
2 IAgo] 7t 184 caspofungind} fluconazole=
DNase 19} 48 vf Al 537} 22320 o)1= & Aol
A A 27 AR AL Aol we} o 2ok AL ejulgi
(Martins et al., 2012). 0.3 U/ml 2] Z-EE3}| & 4~(lactonase)+=
At 125 3+ 31l ciprofloxacind} gentamycin @] 2%
9 AL 7 A F tH(Kiran et al., 2011). Lysostaphin
(endopeptidase) T} oxacillin @] B-8-0 &2 AYE1}o)| A Zjeh= 1}
Hlzlofe] 47 74 S S7AIZL oL} e 2 kantol Ao
Ado) e S. aureus 2y methicillin U143 2] S. epidermidis
ol ik FAEY ke TR A gkt Walencka er
al., 2005).

(o)}

FAA|e} A o] EA|(chelating agent): Disodium-EDTA
+ tigecyclin©] L} gentamicin¥} $H4] Hickman 71| E] A& of|
A Staphylococcus 3} P. aeruginosa®]] 23t AJ&1Ho] A4
2 A A Z thBookstaver et al., 2009). 7| =A}o]E 2 (mino-
cycline)¥} disodium-EDTA 0] 2§12 3%59] t}2 A&t
AFo 2 g Aol 4] 71ee] el WA e A mat o}
AT = QTR 7HE B ol a1 B/ Asl At
ERfiIthRaad e al., 1997, 2003). E3F v] = Alo] S H-EDTA
BN ol A9l ax0t] Aol A7 ZE(port) TS I
=g Au2 o g A2-E| ¢l th(Chatzinikolaou ef al., 2003).
3L 7HEE #E @RAH Fae lieAte] 2H-EDTA
£ 7HEE & A 2] gk $of FA] 2hRpol Al A 32kE Stk (Bleyer
et al., 2005; Feely et al., 2007).

JRIA|} FFELZI A (antiadhesion agent): Y= A| =(mannosides)
9] HEA8-& 9] A}l o] A] trimethoprim-sulfamethoxazole
(TMP-SMZ) x| &of WA 7}2 UPEC (uropathogenic Es-
cherichia coli) PBC-1 (¢t527) 0l Tt a5 SFAR
THCusumano et al., 2011; Guiton et al., 2012).
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AR AR ThE RS B Sl 4] A
71s& FEAI7I7] diol HEA(adjuvant) 24 G885t
(Kostakioti et al., 2013).

FRYAIQ} BAFALS: NO F-of 7 ¢]
Al ol A o]u] FAE P. aeruginosa &9 w3 E-2
S FEata AR AA Al AR 55-S A A
CHBarraud et al., 2006).

sodium nitroprusside=

SARAIA): 7o) g o) 28 A A E. coli
O] FA3 TFAE 7FA LK Coulter et al., 2014).

FA Ao} F3}tEA: A3} SHEA A I3CES. aureus WA
o) gt Ak AAe-E HYATHMonte et al.,
2014).

"} oF &4 W Xé“ A|3Eof| A EA|E}= dispersin BE A5/d
shes FobE o2 Wae HA)s AlEE oA o] B8
E. coli At % AT SR W E A
dispersin B @= Fo] Xt} ¢ @A]3F 9= Uelch o]=
dispersin B ulj 7| EPS 23| & 2|7} Bt Lz ¢ Z1e &=
of] HLeH== 3]-2317| wl&o]tHLu and Collins, 2007).

o A H5E B oA A u}%% %7 algi-
nate polysaccharide build-up)S A &3}=d] 488 4=
(Wong et al., 2000; VanDevanter and Van Dalfsen, 2005).

s}x| ot w}A): vle| 2] Q2] ZHe| -2 T Hle| 2] Q| gk
A&k A E T FA g2 ko] v 2lof A2 9] G5 ¢
©717] wfiZol] =1 o viE2lote] B & gk nXch

AARA 727} 55l & 4x(depolymerase)E ARE-5Fo] B 2
of A&t 714 Y o] b s walleh o 24 thE 11| o] 7
& 221X Z 4= 9ltkSharma et al., 2016).

Z#| o] EA| 2} W2 A (antiseptic): 2% chlorhexidine 7} 214
(lactic acid) 2] B-A] Eo]= ZALO] Al 588 9F7F SFAFA| AL
11, 0.2% cetrimide F-0]= AR-E A= of] 2449l 0] A E

9 WE 732 93] A7 3K Arias-Moliz et al., 2012).

u] =32l A Alssd Al2E

TARS Y] ARl A 25 R M 7Y = Eok T
o) E qrzkof| A AfE @ BAMA = Al S (cues) S
gAY St E =0 g
"“Zﬂ ﬂ‘ﬂl—}ﬂo E‘r~ ] s g 3ysto] heysiA e
T Aok 22y B Aol A o' Z‘_QFO] BIAQIA]
Sh=tl] =5 527] wiZoll HERA| = 2(metagenomics)
3H 3] el A5t *ﬂﬁ—l dRTFEE A5
QA= 21},
7} 2-& A <x(debridement)- A EHRS S 4]
S 7

o{x
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