Reviews and Monographs

0) )L S i R
Progress in Biochemistry and Biophysics
l}2024,51(1):145~157

www.pibb.ac.cn

IK AR #E 37

[fkbl) = «E 2)

L R T VAR T A ER L T AR

,%.gﬁ;]ﬁz) );'J‘}]}]—Q]Z) )gl,‘%ﬁi” —{f—_ﬂ# 1) Zf)'E\ %@51)**
RS, B REE T TR L, K 116028; 2 RAL K, MERES TR, TLFH 110819)

FE KSR A YA TE 2 AL S R ke, ™ E e A SR AN T i s RS 1 AR IR A 7 8552 7K
TS IIVE I TR, 23 UK R a5 g, XTKJJ*E%EEJK?T‘H}\?@EEFLbkijCQ”ﬁ A= W RE AT W A~ AR TR R
MBI Y, Zoad Tl Fh R BN AT Fh R At P, AT IS SR G (extracellular polymeric substances, EPSs)
SR B TR T A, P 40 ) R, (quorum sensing, QS) 41T G shaR M ML RMARL, Fe ARl pli
i%ﬂ%ﬂ‘]%ﬁio ASCERIR T A W IEIE U AS R B B i v S i AL 2ok B RO IR B . AR TR RH B B B . AR G i
B REARRI U1 A IR BERAE W A S 3RAE) . 3 HTEGS T ARG AS Ty 1) (BB BIF S I, RN E I T K A 5
%iﬁﬁi%ﬂ%ﬁﬁiﬂ’]ﬂﬁ%ﬂﬁﬂﬁli HEEWIRRB AR | VEBR AR PSR DGR U I T BRI

KER KPS, AL, N, PrEifbeAad R, R
FESZES  Q935, Q936, Q937

Y, BRI
DOI: 10.16476/j.pibb.2022.0632

IKAGEPRYREMR . EE | BRI,
K I R MU 3 AR B A R T A BE . 45
FEAMINR, AR 2 AL ST A4 T T e i

TE BRI, ANE AR ) R R UL M 7
RIEERAEYIE ", YR —Fhai LR
H1 40 R A A 2 R IE R L 2 R T AE IR A

KR R IE Y, SRS EK R G AR AT AR
HHH B AT o KA HURICHLIE A P B e R4 5T
YIRS . A sh Y B AR
P BRI E Y B SR T A, b e
TR BEPE R R RUAEYIRR S — 2, Rk
HE—

AT
e %6}\%\(
ﬁ\ /|

\\ ANAT R ARG

Nz P2

7B R E BT s R R
(Pseudomonas aeruginosa) TE 3% 101 B & 17 R 19 WF

I, R T AL T ARE AR S
TR B AR SCEBA B AR |, ok
A S0 2 T AR W IR OB I 3 4y 5 A B
(1) MEIE . WEFN . WIARSY

EEHNT A/ " ‘
i

& )

-ﬁﬁd-‘égti.

W ) MEHN - fSNREWE w—y BRI ) YR

Fig. 1 Schematic diagram of the biofilm formation process
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Fig. 2 Schematic diagram of single cell attachment

process 2!
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Fig.3 Interaction mechanism of Psl proteins
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Fig. 4 The mechanism of the main quorum sensing signals '
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Abstract Microorganisms can form biofilms, complex, heterogeneous, multicellular communities that adhere to
surfaces. Biofilm formation on the surface of structures in water will accelerate structures’ corrosion, seriously
affect their service efficiency and life, and significantly impact the growth of animals, plants, and human life.

Hence, clarifying the mechanism of biofilm formation contributes to developing new strategies to control biofilm
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formation on surface and then reduce infections, biofouling, and contaminations. Biofilm-targeting strategies
include the regulation of established biofilms or the modulation of single-cell attachment. In most studies,
physicochemical mechanism is frequently applied to explain the initial bacterial adhesion phenomena but rarely to
explain other stages of biofilm formation. This review presents a five-step comprehensive description of the
physicochemical process from film formation to biofilm maturation: (1) period of film formation; (2) period of
bacterial adhesion; (3) period of extracellular-polymeric-substances (EPSs) membrane formation; (4) period of
regulating biofilm by quorum sensing (QS); (5) period of biofilm maturation. We first clarify how the film formed
by compound molecules affects the surface’s physicochemical properties and initial adhesion, summarizing many
factors that affect bacterial adhesion. We then review the types of EPSs and signal molecules secreted by bacteria
after irreversible adhesion, as well as their role and QS mechanism in biofilm maturation. Finally, we discuss how
bacteria or microcolonies separate from the mature biofilm by physicochemical action and summarize the
morphology and adhesion characterization methods after the biofilm matures. This review redefines the role of
physicochemical in the whole process of biofilm formation and provides a theoretical basis for the prevention,

removal, and utilization of biofilm and other related research fields.
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