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Bacterial biofilms: characteristics and combat strategies
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Abstract: Eighty percent of bacterial infections are related to the formation of bacterial biofilm. Compared
with planktonic bacteria, bacterial biofilm is 10—1 000 times more resistant to antibiotics, which is the main
cause of current bacterial drug resistance. A comprehensive understanding of the characteristics and resistance
mechanisms of bacteria biofilm will help us treat the stubborn infections caused by the bacterial biofilm better
and solve the problem of bacterial drug resistance. In this review, the composition and quorum sensing of
bacterial biofilm, two major patterns of biofilm formation and drug resistance mechanisms were presented.
Furthermore, representative compounds with anti-biofilm activity and compounds synergistic with antibiotics in
anti-biofilm actions were introduced. Nano drug delivery strategies used for anti-biofilm in recent years as well
as anovel drug delivery system — molecularly imprinted polymer was also introduced.
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Figure 1 The formation, structure and resistance mechanisms of biofilm. A: A few bacteria can develop biofilm without substrate.
Bacteria use flagella to actively penetrate into the mucus, and secrete extracellular polymeric substances (EPS) to wrap themselves, which

are closely connected and enmeshed within the mucus.

B: Most biofilm need to adhere to living tissues or solid surfaces. The bacteria

adhere to the surface through the flagella and cilia, and secrete EPS to gradually develop the mature biofilm. At this time, bacteria show
obvious resistance to antibiotics. The mechanisms of drug resistance can be roughly divided into permeability barrier, microenviron-

ment change, phenotypic change and gene transfer
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Table 1 Nanocarriers used in anti-biofilm. EPS: Extracellular polymeric substances; QS: Quorum sense; NP: Nanoparticle; NO-NP:
NO-releasing nanoparticle; PC: Phosphatidylcholine; Chol: Cholesterol; DSPC: Distearoyl phosphatidylcholine; CPC: Cetylpyridinium
chloride; Schol: Cholesterol sulfate; TMOS: Tetramethylorthosilicate (also known as tetramethoxysilane); PEG: Polyethylene glycol;
DPPC: Dipalmitoyl phosphatidylcholine; PI: Phosphatidylinositol; DMPC: 1,2-Dimyristoyl-sn-glycero-3-phosphocholine; DMPG:
Dimyristoyl phosphatidylglycerole; MRSA: Methicillin-resistant Saphylococcus aureus

Mechanism Kind Nanocarrier composition Antimicrobial agent Biofilm Reference
Inhibit bacterial  Liposome PC: Chol Polymyxin B, amikacin Pseudomonas aeruginosa [48]
adhesion Liposome DSPC: Chal Bismuth-ethanedithiol, tobramycin Pseudomonas aeruginosa [49]
Disrupt EPS Liposome CPC: steral (Chol/ Schol) - Sreptococcus mutans [50]
structure NO-NP TMOS: PEG: chitosan Nitrite MRSA, Escherichiacoli, et al [51]
Au-NP Au: protease K - Pseudomonas fluorescens [47]
Liposome DPPC: PI Glucose oxidase, horse radish peroxidase ~ Sreptococcus gordonii [52]
Chitosan-NP  Chitosan: alginate Benzoyl peroxide Propionibacterium acnes [53]
Liposome Soy-PC: sodium cholate Daptomycin Saphylococcus aureus [54]
Liposome DPPC: Chol, DMPC: Chol ~ Polymyxin B, tobramycin Pseudomonas aeruginosa [55]
Liposome DMPC: Chol Amikacin, gentamicin, tobramycin Pseudomonas aeruginosa [56]
Interfere QS Liposome DPPC: DMPG Ga (I1l) nitrate, gentamicin Pseudomonas aeruginosa [57]




W/t 200 T A 0 RS BT AR 2 0 A 1 A D SR - 2045 +

T 1 FE G 7R AR F R R AT RE SR K 99% LA B i A
Yo (BB 2540 0 K S0),  HAM ] 90% 1 B E A -

FE UG B il b, 3B T TE ML K R S ) BT B
(W) B SE aR BT A . R 3
SR 7E s ORI R R A K i DR IR 1R
% BE TR I P9 (R 40 T o 7 6 IR T E e A5 B 1 SRR K
IVURCEUNS &5 O O B 3 S E AR T R b S A PS
BT RIS R . Hu 25558 5 78 4 gh kb
RIMEM 11-%5i %+ —# (HS-C10-COOH) F1 (10-
TR AL) WAL (HSC10-N4) fEH AAH
pH BUBRFME . LA KL LE TR ISR QL I pH FREE R
10 5k A e B vy O F AT, e A R R A A
AR . IR R = A g, RIEIEIERR A
PN IGHTE o Ak, AMINHRE AR AT LA g K b 4 ) 2
B IR e [X 3 B4R /N T 30 nm (7368 IBURG 1k 498 K r F)
FAFRLAR /N B R SRs i, T LLVBIE RE B I, i e gl
KKLAE EPS HE 2 07 I 0 I R A ) 1] . Taylor
241521 Durmus 25137 58I T 2% 490 K s 26 T 2 3
ARM SRS T (B WMer), St RmeEt
(P B R B A ) i, A T ERE
T P M 1 290 DK %o e 28 T 5 T R 354 AR P o
BAEAMIMEES T, R A 4 B 1R % 1 299 K KL R
B L b 7 o T
3212 BERMAKEME CA R MR
RBARPUR ARG . — J71H, X B BT AR
PIARAE . MORLRTH AR A 53— J7 T, R
YK A AR TT 5 B I ELAF R S O B R 1], $R L
R 25050 B IS A U, R mR T R, RIS R
@[64] .

JIE IR K AR DTG oA 5 o H R 2 B A AT
¥, —RRMAE R R, LS HEBEANT RS IR 2
VIR G IS A B . IF AR, 3 H &R
B0 R0 A AR I 0 I T R R e R O S 9 AR
T JOEL ik 5 T e 2L ol P I 5 A 7 ) A M R
b5V A0 v E R R R R B L ) B R A
I 3 S A I A R B g TR A S S E
TG T 5 4 ) 1O O I — S B I
J A, )R RE J5 s B s ) 1 R A7 5 6 R 1 TR A
HAEH, ZNMEEME ERRSERE R, ATE R 2
T o Alhajlan 257 L) 9 Fifvdi 2 o I T 141 Bk A F 7 %o
G, MK b B R A A EE I (i ) PR
(it lEr) Kb (A i) g BRI B 5T s 1 . T
FeRIL, B NR IR A4 5 B 4 R R A4 B 52 453 I B AL,
AFLBE 1 i A R FE AR B . X AT RE R T A

1F HL AR PR I A 5 Al A A L TR P R 5, KRk
T2 fid A7 RS 15k T 5 1 T 4 bR 24 0 0 N R B P R
TR A BB MBS IREE . Ak, ENR TR BB
MRHE A e AN IR B 2, AT DLk FEVEH S EPS
HN- 2Tk B 2 S 4, v R T A B )
B 5 5 108,

Hul, ¥r2 AR B K TH0I7 BB G
g B ), — L IEAE AT IR RS, o 24 b
Mo QAR T RS I 2 AT 2, DL PA) &7 St 19 9% R T
b R A A T s T FEL 6L A T R R A 1 2 AT B R
JIE B4 Fluidosomes BE i 25 a1 4% {50 B T 1)
A0, I BAEL 25 5 R 45 R AE I, $m 197 2%,
B&A T B EIE A . Fluidosomes H §T 1 Axentis i 24
WHR, B ARG % b Bl PRI (K 3k — (5 R . BTk
RENEFA Arikace 2 5 —Fh H TR A SRR
FRT AT B 5] A6 £ f 8 5 PO R I A2 o I R AR b 5 AR By
TF FL PRI BR] KR B AN 52 BB R R A7 R AT 43 R R D,
2 1l DA B G B AL T, 23 4 o b 1) B 2 B s 2
fift, W AR N BIBT KR R R . Arikace 7E 2015
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I BT R 65 % 4 AT B 51 A Bl 3 9

JIE 03 5 & 0l KR EH A J2 R T AN oA A% 5 S P 4H.
F, T E SRR AR A R . RE I
T i€ B 2 FE B K OB R AL, JF HLA B AL 7 1k
JR AR T A AR e o Cai 25T LB AR AT BR 25 i A i IR
AMZ, R TRER G R A YR 576 MO SR K %, )
A T B e R T R RS I I 5T R S M KR
HANE e FRBSR B EPS 45K/ B, MEm A
VLN KL A 2 8 A I R TR SE P MR R T, BR R R
R ik 22 T 2R A 8 7K i T 40 o) 4 T £ 7 280 B« A ST R
BRI 5L G bR IR 5T 2R A A 40 K R RE SR BE BRI
80%LA - 94 - 0 Cheow ZEALIRE g M43, AL
2 - ¥ 5= QIR IL T AL ) 4% T TR I 4 o F¥ i
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