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Dispersion: a new perspective for eradicating bacterial biofilm
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Abstract: Biofilm (BF), a self-protective structure formed by bacteria and other microorganisms
to resist external stress, is tolerant to antibacterial agents and could cause refractory chronic
infections. BF dispersion refers to the process in which the cells in BF actively escape, resume the
planktonic lifestyle, and find new colonization sites during the formation cycle of BF. Since
bacteria in the planktonic state are more vulnerable to antimicrobial agents and immune responses,
inducing BF dispersion has become a promising strategy for controlling biofilm-associated
infections (BAI). We summarize the regulatory mechanisms and signaling molecules of BF
dispersion, generalize a table of substances that could affect BF dispersion, and briefly expound
potential hazards after BF dispersion and the directions of future research in this field. By this
review, we sincerely hope to provide theoretical reference for the development of new dispersants

and drug targets.

Keywords: biofilm; dispersion signals; dispersants; biofilm-associated infections

20T A W 4B (biofilm, BF)JE: 35 41 74 26 b
TAYIRS AR R RE, mEAR. Mk
DNA (extracellular DNA, eDNA), Z 5543 W 2H
M ML A B G ¥ (extracellular  polymeric
substances, EPS), K [E & (14 1% Jr X MIRELE
MIAME W — Rt R HLAZ % i B FRAR A Sl iy 25
P 55 PRI AN TR S8 A AN TR B RRAE BB R A R
TR X 1 B RGN P RACHT T SR A B
TR . K . LRI R kN A
150 S, BF 408 X #5 A i 25 i T 257 &
FEUFARTA T 101 000 1%, H BF 2 41 4 i )i
A A R TR 80 — b 5 5 U 240 T A R g 1 A
FEIE A, — A I 5 0 RN BE T4 245 X DA 28 32 LA
4Mig Z M (lipopolysaccharide, LPS)JE 5t 2, [A] B
BF HAREMREYE, SECGEBR M, X6
BF 7EIG IR th B 5 51 R MEVR RIS PRy, ™5 B
I N5 BhWp (R, X 21 T 28 B g7 PRAEH RS, T
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IR A PR, Rk, AV E R BT
ZA IR YT T 58 LA A v A ) B A oG
J&YL (biofilm-associated infections, BAI),

G BF g5 A YR ZHEvE, HARR R
TEA RIS T W RETE U M 2544 19 BF, 40
(R N2 7 N S (S5 I 60 7 N S
P anfaf 284k, BF BB S & T B BOORF 6 —M
FRIE, B BF JE SRR PG R A& 1) 2
W EEEE . UETEIE . BF VR BF 2080
Sz BN AR s i #F BF AN[H], BF
STHUE—F FE B BSR4, H[b3E | JER
AN M 2s F3hHk 2 BF, BT g
BAH.OAERM BE, HT BN FEME
SRR BT 0 A FE M A, T LA SRR A <R A
BT, WwEIRIE, 78 BF 20 HU5 . BN A4
BRI IR X IR R A AT 245 8 K
WU , T 52 BB B 24 R0 e B (5 i
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PR E BF 4MHL, i) BF 4HGayT BALy  BEELOM RGBS . p-N-C RERTRE TG
A7 S U] Lﬁb[[ﬂ@i’jﬁ WABRE . SYEUE A B A1EA DNA BEFIBE LK %l PSIG

ASCLEA BE A0 BT Se it B A2l i ge e 55)o At A L DR Anqnl gl s, AT R AN D]
fit, % BF 48052 mﬂﬂﬁﬁﬁk MR HHEE W, EAT RO E SRR E— 5 S T i S

TEVERC AT T REEIEA, el BAL (19 FARAM, MRl & 58 A FE SR,
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Figure 1 Biofilm formation and dispersion!®. A: Initial attachment. B: Irreversible attachment. C: Biofilm
formation. D: Biofilm maturation. E: Agitation and movement. F: Biofilm dispersion. G: After biofilm
dispersion, the cells in the membrane will resume their planktonic state. H: Bioflim erosion.
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1.1 WEMESSTFIE

WIRYEAS 5 0053 B, 2 i AR B S
BRI 5001 B R & AR 1 23 HIC, i 5 B R
2 BF fyrRB X, Rl RRRERR 4 AR SE T,
{HAAE TR A2 M RERE 25 BF 3 A8 I, 78
BF W& N RHZ ek s 0 a5 ™, X il BF 1Y
IR BB, RIE TR, T H kA
TRV RES BF (1 B AR FE B W AF7ERR
F . I RHAE b BF 40 0 oW g2 2R,
IR AT/ N EAR T 40 pm R/ NE RS
it 10 pm B9 BF Y, RISREIY BF (RFRAU N,
5590 FRE-S Al BEA 235 I 20 |, 107 H 254K
T P T S R, R AR SR BF A
FUBTER R (AR | TR R Im U T A 5 0 K
Jiit 5 BF AE R R ns A oc, X i
BF MHFEA K AR T BF B4EfE. ik, 7EN
IR EE WG L SO, BN i T —
FIMES 0T, WA SkE BF. & WLWH
REERNEME S BES S FABR S H
fif IR (cyclic dimeric guanosine monophosphate,
c-di-GMP) . N- it 5 - 5 22 24 R N B (N-acyl
homoserine lactones, AHLs) . {FFA- il [ i 14 15 il
K55 . IRIIRRME 5 LA L& A 755 ik (autoinducing
peptide, AIP).
1.1.1 c¢-di-GMP

c-di-GMP KBTS FF i 21 2 3R G WY 722
FIBCE ], C A2 AT 2 rh — M e AN TE
FIEE A5 d, 0 BF AR . PR 4 iz
gtk 5 8 B 7 R 2Rk vh g B DG R AU
BF 2 i 7 R B K e-di-GMP, T 157
B ) e B A /K S 1Y e-di-GMP., e-di-GMP 7K
V-t GGDEF &5 ¥y 3 /) — & 3 iR ¥ 1k B
(diguanylate cyclase, DGCs)FI 74 N A4 A W%
fiff /& (endosomal-autophagic-lysosomal, EAL) 1{
HE MR K XA AR A RN A R

<l actamicro@im.ac.cn, & 010-64807516

(histidine-aspartic  acid-glycine-tyrosine-proline,
HD-GYP) %5 # B ) # R — W W
(phosphodiesterase, PDEs)JL:[R] ¥, DGC ik
c-di-GMP IYJE L, PDE f2if c-di-GMP FYREAE ",
FEARMLA c-di-GMP JK-F-EH0A N 2R BF K
—Fh B ks . Elgamoudi Z5RiE, c-di-GMP
REFN 2= IR v BF JE AL, IFRE LARI SR 7
K8k BF, dpelsms= i mEnaikizsh, F
MRHFE M. 4058 c-di-GMP KFRIFEE & S
B BF EPS (s, {2k BF 23HL, 404 A% AU
GGDEF-EAL & LA dipA 5k rbdA EK )5,
EPS & s EREAH TR A c-di-GMP 7K1 T 5 1
AWk, Hep rdoa HAT B WY pel AN
Wik K B ArbdA FEAIR AR pel A BN ) 31K
WY 15 4%, EPS RIEMIMRIEZ , 1T AdipA
AR G 241, d R BHARIZ 3 1Y
R AN 4 B B kg e ™), 2R {BIRY PDE iF
A YfiN. MucR, NbdA. RpfR. Bifa, RmcA Fll
MorA ZEUY i, AT5E 2L A5 PDE FEARAR A
M c-di-GMP K-F-RAfie it BF 508

AR, XFF c-di-GMP VEFH AT KAREE h
T2 BB, 7624 PR TR & B A AR
PIVERT, HO2 BAR A DG T REA AR . XF
T 2 Ze4nE B SEPEBESE, FA T
BF MORIAR, animiiyembedE R E . B K
Til 1 A% W A% TR T Xof i S5t 2H 40 1% 56 i #4F mT
S IZ 2 2510 BF JE A,
1.1.2 AHLs

AHLs JEHH =M ET AN —XKAiHES
#(autoinducer, Al), 24U —IE(E 55
TU8 AT BBV (quorum sensing, QS)ifTT
Y, REZ Y5 BF B ZABrBe, e
A LR MAGE TE AR ZEFTE LA K BF 43,
¥ X% BF 43BL AHL 4045 N-3-4000 1+ —heit
7 5 BR N T (N-3-oxododecanoyl homoserine
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lactone, 3-O-C12-HSL)., N-T FtJk-L- 22 & B2 N
fi5 (N-butyryl-L-homoserine lactone, C4-HSL)Fll
7,8 2-N- 1+ D047 P 35 g 2 1 P i 2 021,

3-0-C12-HSL FI C4-HSL 25l 415 20 i 14
QS A %4 Lasl/LasR #1 RhlI/RhIR =4,
LasI/LasR Z&HEIE WS BF T RAH A%
FIRWEMREF A (tyrosine phosphatase related to
biofilm formation A, TpbA)AJ & ik, TpbA AU HE
PIHIIE pel Fik, BB c-di-GMP K- FEAIL,
512 BF 438, Hrb pel 2EH 2 555 EPS H i
ShZ M EPS A8, 1 EPS AT 2 c-di-GMP
532k PelD W45, Hidp C4-HSL E#EIE
seaf @t B B 28NS (thamnolipid, RL)AYAEY)
A rhaA 155 BF 4388, RL J&—Fl™ 34
SRR R BF RIS PER], XF BF FE 82
KHEE, @R RLEVG AR IE A 2759
BT, RE4ERF BF g5iie e, Hid & RL W23k
Kiufeit BF 4807, A LBL, RL fEiFA
SHAEFD BF 2080, 41 Wood 45 F R 417
AR PAL4 LW R(RL N EZ AT HELT 98%
Tk V5 G TR A R £ 18 )5 21 T (sulfate  reducing
bacteria, SRB)J BF; Bhattacharjee %5251 Fi 4
SRR R TR, S T KR4 BF 4y
B, AT 3-0-C12-HSL 1 RL 77 A= U Al 1E I Y
450, RL 3@ U2 K754 74 BF X AHL (13
PeimE Yk, (#i45 3-0-C12-HSL 55 BF 43,
1.1.3 EiEfEES

2- P KL -3- 3% B -4- s 5 i (Pseudomonas
quinolone signaling, PQS)/2 4 &% i ¥ it 1 7= A=
fR 55— Rl AT, LRk s 5 A {1 PR R 1 5 7).
PQS 155 51l K BRI A 5] S B BB 1 BF rh 24
JLABET-F EPS H' eDNA HUREIL, M5 RS,
BEEWF SRR A,, PQS RGZEHI PN N Las
I/Las R Al Rhl I/Rhl R RGEHMAE =K QS R4,
FAERTTPI R RGP R A EER, PQS A]

PUE S IEF 815 RL #9514 C4-HSL, TMif
T BF 3*Y. PQS RGHYFHA M 2-PE
I -4- ¥ B W R (2-heptyl-4-hydroxyquinoline,
HHQ) . 2- B¢ & -3- ¥ & 4 M 35 il
(2-heptyl-3-hydroxy-4-quinolone, PQS) . 2-5#5t-4-
FIEMEIR N-% 4k ¥) (2-heptyl-4-hydroxyquinoline
N-oxide, HQNO) ., #% 571445 X+ PqsR Fl PQS %X
Nioof PsE, Hii B PQS 7 4(5 54+, If
TN —F 265 7. Lin FPNARTE
c-di-GMP {K/KFF, PgsR A4S pgs Fl rhl &
i, SR ZE M RL A, 55 BF 28
R 7R HAD QS REGE4E, PQS I HES A E SR
I (outermembrane vesicles, OMV)JE il . 23k
P N 7 RIK SR, Hoh OMV [A) 4 &
HAEAREEE . ARIBEE 1 L) N DNA BEE
fot, HE 2 E BF 4,

1.1.4 BERFBRIES

55 BF AH G B R A 518 8 45 A2 T 4
& 5 842 A F (diffusiblenal factor, DSF)Z % 1{5
Se S BN VA1) [ N R IDAE SRS S A et
FFAE, T LA DSF {5 540 )@ F A AE iR
DSF ZiRf5 Sl e —Rigi QS #2458, 25
— RV IIRE RIS, ngniEA K . BF &
7. IR TRIEE,

DSF AE A 2 -11-F J-2- - R 1 U B
BT EBNE S, HA MO T RpfF-RpfB
WA RGE, A % AR, RpfF &)
DSF #:/b, RpfC FIXELLUSH! DSF 1M R A W iR
b, 5 RpfF 55 E 5, FRiil DSF 5
MY AL T, DSF 47U, RpfC Akl
1f 5 AL AR S U I 5 S G TR AR
WA BN H R AL, B RpfF, {2k DSF
AP, WERRIEY RpfC BEKFBEIREE S S RpfG
W% PDE &L, FEAK c-di-GMP KF, &
c-di-GMP Wi R PR ST CLP, 15 manA
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M xag R 454, e N B-1,4- 1 28 R b
YRR R ] xagABC JE M 31k , S 3 EPS 1 /),
51% BF 4r#°Y, HAhi% S BF 4-#1 DSF {55
b A F5 [ 2 -2- 2% M B2 (trans-2-decenoic  acid,
SDSF) ., Mi-2-2% 475 R (cis-2-DA)FII -2+ 4%
fR(BDSF)%, 25 Firid, skifFgE¥s DSF Kk
5 2 YRR Y L A TR 2 S GR

PAFE ] BAL,
1.1.5 AIP

AIP 2 A BRI . BEBRE . P EAT 45
ZPEMERE A —2E AL, CRGIESCRES A B
FERJH AT R 4 (accessory gene regulator, agr)/5
T B BF 2080, Agr i AgrD. AgrB FIXZH 4y
SR RS AgrC-AgrA 4%, AgrD T3t 5K
AIP Hii{&(Pre-AIP), AgrB X Pre-AIP #FFT1&1i 3
P RSN 5 AgrC 254, B AgrC 784
RAPRFREAL Ko A AR AL, RS RE 2 AgrA &b
PIBEIR AL AgrC TS, WEFRILAY AgrA figit—2
T W O e Y IR M A B Bl Y 2R K, I
il BF &N, MAEEASAGEN
(fibronectin-binding proteins, FnBPs)fI#E [1 A 5
WAL, MG BF 40,

116 HtOoHIES

bR bR Wi N IR R S BUR S A, 2
F9 o FhEEmi k8, WELLAFESHEF-1
(cholerae autoinducer-1, CAI-1)Y5 AI-2 i 2 3]
VEF e EEELINE BE m94r8eCY; Sk ik
B9 5 12 14 4% # BR (guanosine pentaphosphate/
tetraphosphate, (p)ppGpp)7E & FMhil i TR
B MR 9 BF 23 #0; RNA WER A QB &2 i
fif§ 11 75 32 Kl 7 (host factor for RNA phage QP
replicase, Hfq){#fi4:/)» RNA (small non-coding
RNA, sRNA)RE B FE I IRSC I BF #9535
BAES TR EA —E e, s
FRE MR 5@, 80EdF BF /a0 H Y,
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HAETATH, S22 BIPER . 22 PV I M A G
T BF /- N2 AN W R, H7E BF £
ML, = HWNEEBERMLE, XEWE
Ll S A SRR BRI BT, AT REXT 24
AR 1 BF 1 0

ST, fkdE ERN NI S ST,
2 75 BF ZrEUAHICHY 4 s oLl i i &
(1 2), DL s AR IR LS 2
(1) c-di-GMP 431958 (El 2A): 7E PDE I1E
TN c-di-GMP 7K F-FEAIE, I /KF c-di-GMP
— 7 TR AT R Wl ) 7 A R BRI R R, 5
—J7 TS FleQ #EmifPdl CdrA &AL, wib
PSL, [AIBF¥&HEEIE AL, IEdEmEadki%. (2)
AHL {555 PQS {55 3 [F4FE M 5 By 4 Hk
(% 2B): i@ % 1 LasI/LasR . RhlI/RhIR F1 PQS
ARG, Lasl, Rhll 1 PQS 43741k QS 75
/¥ 3-0-C12-HSL., C4-HSL f1 PQS, #:5:H1
LasR. RhIR FI PgsR 435kl A 15 5401,
TE R H 755 BB, IF R SR R 5 5% 5 e Ah,
PqsR if iF [a] 845 Lasl/LasR #il RhlI/RhIR, PQS
5 OMV ik, #idl EPS JE; LasR {2t
TpbA #ik, 5 3-0-C12-HSL fil C4-HSL —iji2
Wi PEL & i; C4-HSL HLAEIE S RL IEL, M
M2 e JE BF 7308, (3) DSF {5 5512 1 7 L
(Kl 2C): fEfm M%), RpfC 7€ DSF A9
BT ABERRIL, B RpfF, K H A3 RpfG,
WG PDE 761, F#EAK c-di-GMP /K ; {K/KF
1 c-di-GMP AJ #4558 manA il xag J& 3 T3k,
AT/ AH L Z2 00 77 A (4) ATP i3 B 431K
(Kl 2D): AgrD & hl, Pre-AIP, 4% H % iz 5] AgrB
H, INTEL AIP, NG R AgrC iR 1L ; A5
Frislz b AgrC F 3] AgrA FIFEIGE, M
5 ML A1 25 1 RN R B AT S 4 9 35 3R (phenol
soluble modulins, PSMs)f4 = 4=, [a] B 01 il 25
A F1 FnBPs HIE i .
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Figure 2 Mechanisms that regulate BF dispersion. A: c-di-GMP-mediated dispersion. B: Dispersion caused by
the combined action of AHL signal and PQS signal. C: Dispersion caused by DSF signals. D: AIP-induced

dispersion.

25 PR, &R RIR IS5 [ ] BEAEAE—
EBCR, (HXFIA L SCHE LIAEE BF 20 HLA 4%
B A FRRARFIT , H B 81A 0554 TP
AF 5% 0 I ) o I B M T S5 A 2 [ R A
ISy 2 VE R B PR T S L, SRSk N
KA R BOR B Rl BF 2 HUIEGE, LR &
BEAT & —VERY BF 4-8GT, BTG BAT 342 H
g0 Y i
1.2 MMRFESHTHIES

SNBSS T8O, 3R555 F 00 4
HOm N AN EREE AR AL, AR P A 28 SR 3 &2
o> . NO IS L B, BEIRER (1 mT PP %

MM TR B = 45, Hdh BF LA S
IR R T B O IR EAER AR s iRk
ViR —Fh b T 8 35 Z R T RR IS IS S
T2 HEEW POT R AR BF B SRR
IR T, RBEFEAR NO 43HL BF BA R, A
It , FEARS . BEIRER ST E ] A RES [k
BF 438, (RHAEAMLEIA, AR
Fo ASCEEMEARRR AT FM: K NO X F BF 4k
M5 o
1.2.1 BRI A%

RS2 BF TE R 28 TR IR, RIS
JE SR T AT S BF 408k, BEIAIR . RAm
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55981 MRS RE AR A A S0 175 S 50 fioh & A 4 i B
ML BF 43k, HrhIEHIMRN BF PR mik
80% ™. A BUAG I 15 th Sz A= e il e B BR B AT 2
IR, HMEEICYAHE 2 68175 S/ B IR
R Af il R 4R T BF 43, 500 nmol/L
HEIPERIRE M (O @RI 1) BF B8 B
iy Z2 51, BRIETHFE R AOIE T RE 53 BF 1Y
. TR R AR T, B IEAER I,
(p)ppGpp A1 Y ™3 S5 7 368 4o T 3 5 B R — i
fitg A1t 9E W 5L A R & K B8 TS M (leucine
aminopeptidase genes, LapA )M Hi%iz Rt bin
feiE BF 08, fEM SR es b, AiAT R L
W 5 min, BF B JF 1A & A 36 85 B 4 (cyclic
adenosine monophosphate, cAMP)4) 5 i 4388, I
7E 24 h BFEE] 60%[ 43 HUR . cAMP J&—Ff
HEMAMENGE S50+, Wi n] HIvERE Y
CAMP Y71 o TERBLINE A, A% WG/,
cAMP 5 cAMP 3Z {4 & F1(cAMP receptor protein,
CRP)ZE A LAA 3 CCR (B A oy i),
cAMP-CRP A[i#ii) I3 HapR ik A5 | BF 4>
f, HapR #{iANJ& BF BRI SRk —Fp 6 815
K, #AizErRsE RN 2GR BF P
B BEAR, RRUR G AR T FE L RE 1A BF 48K,
QNP R R i S B (pyruvate dehydrogenase, PDH)fE
SRR P Y BF 12080 71%, 4 o (AR 45 Bk
BRI BF 8/ 40%,
122 —F&%&m

— AL A (nitric oxide, NO)RFAE HANEE IR
A R AR, RS A BRI EYE NO figifs
AR AT BF 0, IF HS ASMENE NO
G ZF A BE 7080, WRGIRATE . BT
T BT A ERLINE ), 500 nmol/L
A LAY 44 (sodiumnitroprusside, SNP)AEfH Hl
A ZERIAF Y BF 18/ 90%, 10 pmol/L SNP
A {35 J A BR B Y BF k> 60%°% . Ak,

<l actamicro@im.ac.cn, & 010-64807516

NO £ fEff (16 8 FR I BF 1> 60%, S
ARG A BRI L BRIE K] 85%—90% M £ )
fiff BF*1, NO 5132 BF 2l IR ALE , drE
Xof 2 2% [ e DR AR TR (A g i 5 1A T R LI
A SR B AR A AR B T R,
W RGEEH H NO f£/&4F (H-NOX 5 NosP
H 1) AL AR 2 2 R B 11 9% (histidine protein
kinases, HPK). %412 1) W2 % #% 2 1 (His
phosphotransmitter, HPt)F1— izl 2 Fii i 374 5
IR, XN N2 A PDE &1
FIRL N K 1 3% 5 7, U0 DipA . RbdA . NbdA
PN, T NO HA BBl BF RE ), B9
NGE 5 BT B 216G TR YT BAL, 4053k
HHR-3-ZAS R AER, ZAER
AN UD BRI FH 2, T A 50 Bl B g g
AT R L A R B R TR L AR BRI S Y
BFP (IG5 NO (4fiBh, iSRERS SR 241 %
B (B K A BE A2 A KBS T 253 bR
LR AL B E P TP AR SR P B B,

2 EMBUE LA TR

SRS A BT 245 P IR B AIG , X (45 BAL
FIRRBR N AT RE . R, BF 43 BRI OB 24 12
ZRNTEA AL 2 v RS BRI
BK  (cathelicidin peptide,
CRAMP)/Z&—F&7EML K /) BF 43#71], CRAMP
A S A I 2 A1 R B (SE B = B R PAOT)
BF (1Y ¢-di-GMP 7K>F-, Ff4ifil EPS JUH 2 iy
724l (sodium alginate, ALG)AY-S i, iAREMEHEA
R HEE B2 SRR RL A9 43P i HL,
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PR —MoE B BF 23 HGH], DA A R ok
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BRI A S E e R R,
VFZ W8 ¥ BA w3 % A BF BLJ5TRE ) 19 AR
R BRI R X4, 4n DNase 1. BINucB
(eDNA i NucB [ EH R [R1IE4) L} B-1,3-KH il
SO (K 1) A RINR A AR S T EPS

#* 1 &M BF 58 MIR

HIEEEHMALSY, B8 EPS W45, 51 BF
T, W SEANIEA B H K (Sitrosoglutathione,
GSNO) . il 4 %k %k 90 K 5 Ki (magnetic iron
oxide nanoparticles, MNPs), MEIEAG TR AW
Jist o (zwitterionic-mixed-shell polymeric micelles,
ZW-MSPMs)ZE1091: iy 3R (linoleic acid, LA) .

N VE P O 5 44 /K K (human hormone atrial
natriuretic peptide, hANP)ZF A] i #1i] EPS
ZREFEE CUTA L, (268 BF 40E07 (36 1), 78
B ASCIR YN T A R BF 4800 B (3 1),

Table 1 Substances affecting the dispersion of the BF

No. Item Types of bacteria biofilm Cause of BF dispersion

1 Synthesized cationic gemini Sulfidogenic bacteria SCGS inhibits the adhesive property of sulfidogenic
surfactant (SCGS) bacteria biofilm cells on the metal surface®®!

2 Chlorhexidine gluconate (CHG) Candida albicans

3 B-1,3 glucanase Candida albicans

4 Zwitterionic, mixed-shell Saphylococcus aureus
polymeric micelles (ZW-MSPMs)

5 Ce-metal organic framework Saphylococcus aureus
(Ce-MoF)

6 2-heptylcyclopropane-1-carboxyli Saphylococcus aureus,
¢ acid (2CP)

7 Hydroxysteroid dehydro-genase
1835/1919 (HSD 1835, HSD
1919)

8 Linoleic acid (LA)

Saphylococcus aureus,
Vancomycin-resistant
Enterococci
Saphylococcus aureus,

Pseudomonas aeruginosa

Pseudomonas aer uginosa

9 Human atrial natriuretic peptide ~Pseudomonas aeruginosa
(hANP)

10 lron-oxide nanoparticles (IONPs) Pseudomonas aeruginosa

11 S-nitrosoglutathione (GSNO) Pseudomonas aeruginosa,
Acinetobacter baumannii

12 Lipopeptide 6-2 Pseudomonas aeruginosa,
Bacillus cereus

13 Modified nanoparticles (MNPs)  Methicillin-resistant
Saphylococcus aureus

14 Mesoporoussilica nanoparticles  Methicillin-resistant

(MSNs) Saphylococcus aureus,
Methicillin-susceptible

Saphylococcus aureus

CHG inhibits the hyphal growth of C. albicans and

disrupts the hyphal network in mature biofilm!®”’

B-1,3-glucanase is able to degrade p-1,3-glucan in EPS®”

ZW-MSPMs interact strongly with eDNA and protein in

EPS to disrupt the cohesion of biofilm™ ™

MOF/Ce can degrade eDNA in EPS!"

2CP may not directly affect EPS but act at the cellular

levell!

HSD 1835 or HSD 1919 is able to disrupt biofilm and
inhibit the synthesis of DNA, RNA, protein and cell
walll”?!

LA inhibits the synthesis of protein and polysaccharide
in EPS!®%]

hANP inhibits the synthesis of polysaccharide in EPS

significantly®”

IONPs can release NO to disperse biofilm™

GSNO can simultaneously deliver GSH and NO to
enhance biofilm dispersion®*!

Lipopeptide6-2 inhibits the synthesis of Psl in EPSI"4

MNPs cause significant mechanical disruption to EPS
and lead to biofilm dispersion(®¥
MSNss can increase the efficacy of the enzymatic agent

to degrade EPS!"

(5
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gk 1)
No. Item Types of bacteria biofilm Cause of BF dispersion
15  Allyl piperidine-1-carbodiothioate Mycobacterium smegmatis,  AP1C may inhibits the synthesis of proteins!’®
(AP1C) Mycobacterium tuberculosis
16  Benzyl Mycobacterium smegmatis,  B1HI1C may interfere with energy metabolism!"®

1H-imidazole-1-carbodithioate = Mycobacterium tuberculosis
and allyl piperidine-1-carbodioth

ioate (B1HI1C)
17  An unknown protein found in Gram-negative bacteria,
Bacillus subtilisis named NucB ~ Gram-positive bacteria etc.
18 DNasel Gram-negative bacteria,

Gram-positive bacteria etc.
19  Paeonol Klebsiella pneumoniae,
Saphylococcus aureus,
Enterobacter cloacae,
Listeria monocytogenes

20  Proteinase K Saphylococcus aureus

21 Spermidine Vibrio cholerae

22 3,5-dicaffeoylquinic acid Aspergillus Fumigatus
(3,5-DCQA)

23 Extracellular adenosine Fusobacterium nucleatum

triphosphate (eATP)
24  N-acetylgalactosaminidase Alpha Desulfovibrio vulgaris,

(NAGa) Desulfovibrio desulfuricans
25  Dichloromethane-extractable Sreptococcus mutans
carbon (DeoC)
26  BmdE protein Propionibacterium acnes

27  Magnesium oxide nanoparticles Fusarium oxysporum
(MgO-NPs)
28  Enhalus acoroides leaf extract Candida albicans,
Escherichia coli

29  Mannose Desulfovibrio vulgaris,
desulfovibrio desulfuricans
30  2-deoxy-D-glucose Desulfovibrio vulgaris,

desulfovibrio desulfuricans
31  Gold nanoparticles obtained from Gram-negative bacteria,
caffeine (Caff-AuNPs) Gram-positive bacteria etc.

BINucB can degrade eDNA in EPS!®!
DNase I degrades eDNA in EPS[®”

Paeonol degrades eDNA, proteins and polysaccharides
in EPS!"77¥l

Proteinase K degrades eDNA and proteins in EPS!”!

Spermidine drops c-di-GMP levels of Vibrio cholerae
cells and inhibits the synthesis of VPS in EPSE?
3,5-DCQA down-regulates the expression of
hydrophobic genes!®!

eATP chelates essential metal ions in F. nucleatum
biofilm'**

N-acetylgalactosaminidase can degrade GalNAc in
EPS™®!

DeoC promotes eDNA degradation in EPS®¥

BmdE is able to degrade eDNA in EPS[
MgO NPs inhibits the synthesis of EPS significantly!®

The cause is not clear yet!®”!

The cause is not clear yet'™!

The cause is not clear yet!**!

The cause is not clear yet!™

3 AW E R A TS P 240 A 37 56 S [ B 358 T B 7 4
SR, TR AEBAR A, T FLADFh 4

TR ST RUR AR RGE D RN T BE g e e 36t F RIBE R 4735 15 4B 25 HAT T3
APRANTE A Z A BRI, IR M E A ELR L % Guilhen Z™ 5] F RNAseq 407 T i 4 7555
AR, B, AN A BT (1 BE R R & B RS T L, 55 R
TR, B ANEA R G, DR RAS B 54415 7 h 1 BF 5kl LA
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