[CGRYEZ

Acta Microbiologica Sinica

2021, 61(5): 1091-1105
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200363

Review

ETFRRENENHERRERLOEREMETSRERENNARE
kA, WK, HHES, HxaT, fxal”

VUK T BE B AR BERE, JEET 100081

2 rp ERE B IS, WUE IR T R I F A S, Jbs 100101

L TR R EAERE, T HB¥E 056002
e EBEERE R, dbst 102206

WE: NIRRT RE YRR 2 —, X SCRUE i & DA P n 18 RS 3 BT E
PRRE JIEE R 1A R8T, A BEAR A Ul IR AR M R, OB . MRAQFA R . ZF Rl 55 L
F B R B N, B2 52 2B RS VI AR D EMAES RS, MEYMEEL,
A AR B AR EAR IS R A%, AR AL+ A R tesh, fefs B0 . NN ZF
PRI R BOPRAET , A s a] DL G BN [ A 2 B R AR e, DR abe xS0 LA A8 T 5t ATk
fPE o SO BOARAE N —FhRERS RIS B R AR B BOR , ALK MERL I AL OR S , B RERS
PEAT A AR AT, fEAR A o T AL R AR IR A TS T T E SR B B U, A DR
ASRGEHTE R AT BRI RIS o AR SORE R8T 0L P AR AE AR B s I RISk J , R4
AR 25 2R 8 AR WD AT 5 18 S B 1] R i i AR 149 I AR 8 B ik MG B2

KEER: PORESOR, EWPE, OEBEDH, NERES

TR W W (B W AR S A W L, microbial RPN, BAEENHEAMME MR,
biofilm), J&—F by FLAN M V) HAIREFIOTAREY Sl A R, Ak ] AR A8 1 ik Y B0
THAMR ML RIS SF WAL IR AR . MNP TR RE ) SR
gER, RSREFFE R MR E Z 1 5 ik, SRS 65%-80% M Y g, R L AE
AR, AR A B AR AN R BRI E SR p Hg R P
4 W) (extracellular polymeric substance, EPS)3 /it FTE 300 24501, ff 2 BL2£2 581 SCFE v (Antony

EEUH: EEARPEES91951103, 21822408); rhERM#E%E A 32 W H (KFZD-SW-219-4)
BEEE . E-mail: #30®, wenbin@im.ac.cn; FEFELT, leungyuhong@sina.com
YeFs BHEA: 2020-06-03; fEE BER: 2020-07-25; MZREARHHER: 2020-12-11



1092

Jinglin Zhang et al. | Acta Microbiologica Sinica, 2021, 61(5)

van Leeuwenhoek) st B U W H a2 i 5058 o 4
ISR T AED R R454 , SR T
ARHY BRG], 2 CR oy R /N )
(animalcules) . B ATAIRFIE R, FEMEERE AR D
e, ZRIA Y H R LA s IR T AR e A
TEo JRZ, MR NMAESIRE K A UUERE, A9
B REED0RT LU Sy 22 i L 10 s S e M 9 s (a4
Wi ARERAF . S i) EERE I, HE
524 BPMERR A DA, B R e
Joa L W0 B A 0T 5 32 R T R A S R ik el s AR 8
FEIEAEVR I R A P A AL, S s R
TEPAR LR B (B 1-A), Al iAE K AR
JERE IR I B — SRS A, X L B P
AAXF A2, AT SRR, REFRmOCTE
FRELHORT, ARl 6852 BRI ALY T4 3h
ARG IR 32 S U B 0 A BUOE 1L A 2R AT
(& 1-B), 7EXE SRR TP REME I A4 59 11 ) 51 S 80
B SRR R B, SR SE I s A IR Y
TR AR BRIV N S 2%, T IHAE R AR B,

(A)
4 Petri dish

Growth medium

- Membrane

I

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

96 well microtitre plate

IR, BRI K —Fh Z I RedsE s A HoR,
AT ST 5 2 v S B ™ et VR ) LB WD i ISV i
BHLE AR AT T B LE MR 2 PR oE A bk
HEN AR AR . TR I e AT o EE

H 20 tad 90 4P 4 53 B R S8 (Micro
Total Analysis System, pTAS)JF#PEFE SR H
PISK , SR B R (Microfluidics) EL Bl A A fiy 4B
ST TT I WA R . BEA BT SE AR IBTER A,
275 3 I W O A 00 R as T AR R R Y A
FEE . E ORI E (K 1-C), BFFEE AT LR
=Y 1 T T R U b A AL AR e AR
KB A sy o) . A . A& & pH.
YR FE AR, BRI A R B SR, R IE
BHATSEAP S . il i I . S o3 B S A
P, X SR Ny A= Pl I 0 B S SR AL TR i R i
5 AR SORE TR BT B A 4 AR AR LR
B R p R e, R4 A N IEHUE S REMHR
() S SHEBL 2 0], O 45 B R TE 11 A M
WEFE 0 Bl oA — Sk

(B)

Media <— Stirring apparatus

Sterile air

Stirrer arm ——» —

R || Outlet
©) Top view Side view
8—8 Inlet Ouet
o S

1. RSMABE Y IRIEE

Figure 1.

Construction of biofilm model in vitro. A: Static culture methods. a: cultural plate; b: 96-well

microtiter plate. B: Continuous flow culture method (Chemostat). C: Microfluidic device.
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Figure 2. Application of Microfluidics in Biofilm Hydrodynamics. A: Schematic of the microfluidic biofilm

device: the microchannel design consists of 4 parallel channels (black) with culture chambers placed halfway
between inlet a and outlet ¢. These are connected by a seeding channel (red and black) from b to d. B: Merged
images of S. aureus in a complex topography: As in, red shows QS-off cells, and yellow shows QS-on cells. C:
Schematic of the two-level flow-templating micro-bioreactor: the small channel (blue) brings the biofilm nutrient

solution template stream to the measurement channel, the inlet connected to the large (measurement) channel in
red brings the confinement solution. Observation of the measurement channel occurs from the bottom side using

an inverted microscope. D: Streamers (red) impeding flow. Adapted from the literature [10,12—14].
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Microfluidics for generating gradients. A: Schematic diagram and optical image of the microfluidic

device. The microfluidic device consists of gradient generator and main detection microchannel. B: The novel

microfluidic device is shown with its two PDMS layers, a bottom layer with a diffusive mixer and eight

microchambers, and a top layer containing a second diffusive mixer and the pneumatic elements to control

microvalves. The diffusive mixer in the bottom layer was used to generate different concentrations of dispersal

signals and to perfuse growth media into the biofilm microchambers. The mixer in the top layer was used to

introduce bacteria into the microchambers at different cell densities. Adapted from the literature [16—18].
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Figure 4.

Microfluidics for high-throughput and visualized biofilm researches. A: Close-up of Bioflux

microfluidic channels (black lines). Each channel has a serpentine region (one serpentine region is enclosed in a

box) to provide sufficient back pressure and a chamber for microscope viewing (arrow). B: Cut-away 3D mask

reconstructions (Upper) and bright-field images (Lower) depict examples of nested polymicrobial communities of

varying geometries and cell densities. C: A microfluidic device with specific geometry consisting of a PDMS

stencil, jig, and glass coverslipis shown (The image inset is a PDMS stencil imaged using stereomicroscopy).
D: Patterned biofilm using surface modification. Adapted from the literature [20-21,23-24].
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http://journals.im.ac.cn/actamicrocn



1098

Jinglin Zhang et al. | Acta Microbiologica Sinica, 2021, 61(5)

2 CEM ARG AR
EAK

2.1 HREAEYBEETE AR

A= 0 BB AT BRI R B AN AU B ATL 7 5 1
YRR SR, TR — TR Y 5 2% Y A 2 T
Bt #d, EAEEMEYRM . RE . RS HHEE
BB, WA A R Z MM RS 54 T2 5,
EAREMAESRES, MEY, HES5EERE
ZIETEE SIS WA EAE R, SR BAE YA O
HH R B DT TR RO AR B4 A W R AL o DA Fe TR 1
T BEAE YR ], FOB BUREAT PLAr R 3 A4
FrEL(B 6): (1) RIFPEME (acquired pellicle)E B
TIPSR AR . MRV Y 2 OB A 1 L R VA R LA
T AN 7= mT DA 2k A O B 2 1T L, B R
VIR SE R . B B AR R, ERIE T
R SFT F, 20 min PE AT, I 2 Y
JE, BRAE RIS 4 T RR M R AR R A2 A4, ST AR

AT R E IR o (2) 4 TRDRS B (adhesion) FT 3k 25
(coaggregation): V7 i A= W vl 30 i 28 B R4S 1
W L, SEM7EA RIS (S, W', N
B = MM ZHESE) 2 5 A A L R R
[FIERE, 24 T i) 3 e S e P 30 e o e A R 2R -
53U EPS BEFUE /NGB s (3) T BESEAA %
W B« ARICRRT 7 R 200 R 3 B AN T SR AR il B TE L
DR TR 7% T A2 B () B i AR S S, I Je TP IO A%
VIR TR RE A 0 5 MBS 5 ) T S 28 T A T 11 40 1 ]
DA%, BB RO IR, DI LR %) B 5
EFRE,

WFIEEIN Ty, A PR I — o ml A0 ) A
e L, TERBE T AR b, 20T A A
A —E W, BEE A ARSI, WREE
W R, LR A ERAL R AT DL S ) ALK CF
[ o6 JEE A, (0 PRI BRE P R 3 2 AR B R
R TR B N ) AR AR BEAR I, o E 7Y
BT AASHREE . pH. SEAR IR JE LA LR A AR

Biofilm detachment

Planktonic (Early coicnizers)

<‘ Adhesion, Coaggregation

S~ $

w
N
| NN
Biofilm development =
N N
_,/

Acquired pellicle

Tooth surface

6. EREMBREEBHARENERTEE

Figure 6.

Schematic representation of the distinct steps in dental plaque development. Including forming

aquired pellicle, initial attachment to the surface, adhesion and coaggregation of bacteria, biofilm maturation

with formation of a three-dimensional structure, and biofilm detachment.
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Microfluidics in biofilm and oral microecosystem
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Abstract: Oral cavity harbors human oral microecosystem, one of the largest microbial reservoirs in the human
body. The oral microorganisms usually stably adhere to the surfaces of oral mucosa and teeth in the form of biofilm,
and the composition and interaction of biofilms are complicated. Under pathological conditions, microbes can
penetrate the pulp cavity and alveolar bone to cause common oral infectious diseases such as dental caries,
periapical periodontitis, periodontitis. The infection caused by oral biofilms is even closely related to many
systemic diseases. Currently, it is still challenging to study the pathogenic mechanism of the oral biofilm.
Moreover, under the influence of the host immunity and various physical and chemical factors inside or outside the
oral cavity, the phenotypes and biological characteristics of biofilms remain unclear due to lag of technological
advances to mimic and study biofilms in vitro. Microfluidics is a multi-disciplinary field that involves flexible
control of micro-scale fluids. It can not only accurately simulate the physical and chemical microenvironment but
also be used to conduct real-time observation, high-throughput testing, and single-cell analysis. In this article, we
will review the recent research progress of microfluidic technologies in biofilm study, and elaborate on the
application prospects of microfluidics for the study of microbial biofilms in the oral microecosystem.
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