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Fig. 1 Cell-bacterial interactions detected by fluorescence analysis
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Fig.2 Cell-bacterial interactions detected by Raman spectroscopy
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E4 HBRESERNER-AEEEERTRE
(a) WSTX2HM AT A/RER B (b) T0AAgCHBB MR A Rl s &Ik 9,

(€)] 100F
*
® 2N e
el M A
A+ ) HY 771557
E 40+ | /
S 20t
G L I L 1 1 L 1 I
2 3 4 5 6 7 8
25y X AR AL IEE% Ak (IME) 41 HREFRE
(b) o .
45;7 P . TEER(HHERE S AR
< V- o~ 160
S/ >, TIS o [emE R A a
l //\\- ‘J*"‘“L‘] JUUUSUUL ‘L ,‘ /r ]«HJJM\‘J‘ i” @ 120
v | I ‘ 40
N . - pl . 0 25 50 100
AR R L S g L)

NHKIHIE T Fr

Fig. 5 Cell-bacterial interactions detected by electrochemical impedance spectroscopy
E5 FEmsiiEanamE-AEEEERTE
(a) SEBUIMARER/RIEE s (b) BEMMEARS R EE



\as SH 2z

2023; 50 (&)

Bia=, % gq:f&l}ll}

o
I

AR - E A B AR AR AR

+1315-

3 Fit5RE

i LRk, m””A%ﬁ%hMﬁk%Q,
R R R E R PERIRAE 7 it
%m%m,ﬂﬁbmﬁwﬂﬁﬂﬁkﬁﬂﬁﬁﬂﬁ
il 2k = P e 2 T €5 N E IR A VNI b all
MBI SRR, SRS S, e itE

AR TAE B o EJR X Sl A I R Y s T
ORI RTINTRNG, BOR S T BRI T 4
YR L, %8 SOCL LA . BoE B
A1) 70 A INFUAR R A B e FE AR A LA
KB Z T sl W an e pe, R BAR L
RSN TR DN e A B, (E SR bR (5 B2
AR IAEK, IR A AT
A0 BREASC T R AR A T A T A
BRSNS FI T2 ARG T, 2
P20 -2 B A B AR P R PRI iR . AR
ﬁ% 5 A 5 0 A B 2 IR RS R AR DG A
B MRS ARS &, RERS RN -
%lﬁﬁ@%ﬁﬁ¢%ﬁ% EWIEER, T
TRIZ U 240 -2 R AH B A IR

2 % x #

[1] Burkholder K M, Fletcher D H, Gileau L, et al. Lactic acid bacteria
decrease salmonella enterica javiana virulence and modulate host
inflammation during infection of an intestinal epithelial cell line.
Pathog Dis, 2019, 77(3): ftz025

[2]  Falkow S,Isberg R R, Portnoy D A. The interaction of bacteria with
mammalian cells. Annu Rev Cell Biol, 1992, 8:333-363

[3]  Yang H, Liu Y, Tang R, et al. Cell signaling in the interaction
between pathogenic bacteria and immune cells. Front Biosci
(Landmark Ed), 2015,20:1029-1035

[4]  Cossart P, Helenius A. Endocytosis of viruses and bacteria. Cold
Spring Harb Perspect Biol, 2014, 6(8): 2016972

[5] Kayama H, Okumura R, Takeda K. Interaction between the
microbiota, epithelia, and immune cells in the intestine. Annu Rev
Immunol, 2020, 38: 23-48

[6]  Cossart P, Sansonetti P J. Bacterial invasion: the paradigms of
enteroinvasive pathogens. Science, 2004, 304(5668): 242-248

[7]  Zheng D, Liwinski T, Elinav E. Interaction between microbiota
and immunity in health and disease. Cell Res, 2020, 30(6): 492-506

[8]  Klein R D, Hultgren S J. Urinary tract infections: microbial
pathogenesis,
strategies. Nat Rev Microbiol, 2020, 18(4): 211-226

[9] Ashammakhi N, Nasiri R, Barros N R, ef al. Gut-on-a-chip: current

2020,

host-pathogen interactions and new treatment

progress and future opportunities. Biomaterials,

255:120196
[10] Novo P, Volpetti F, Chu V, et al. Control of sequential fluid delivery

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

in a fully autonomous capillary microfluidic device. Lab Chip,
2013,13(4): 641-645

Mehling M, Tay S. Microfluidic cell culture. Curr Opin
Biotechnol, 2014, 25:95-102

XG55, T, A, 55 AW R B i S A 2 BTG
. A= T 241, 2018, 34(3): 320-333
LiuLL,XuY,WangR J, etal. ChinJ Biotech, 2018, 34(3): 320-333
B, I, B, AT A0MAGI A R P AR AL IR BT T S A%
TR AL2F R, 2019, 31(8): 1129-1135
XiaY,SuX,ChenL,etal. Prog Chem,2019,31(8): 1129-1135

Ma L D, Wang Y T, Wang J R, ef al. Design and fabrication of a
liver-on-a-chip platform for convenient, highly efficient, and safe
in situ perfusion culture of 3D hepatic spheroids. Lab Chip, 2018,
18(17):2547-2562

Kim G A, Ginga N J, Takayama S. Integration of sensors in
gastrointestinal organoid culture for biological analysis. Cell Mol
Gastroenterol Hepatol, 2018, 6(1): 123-131

Kim J, Hegde M, Jayaraman A. Co-culture of epithelial cells and
bacteria for investigating host-pathogen interactions. Lab Chip,
2010,10(1):43-50

Park J, Kerner A, Burns M A, et al. Microdroplet-enabled highly
parallel co-cultivation of microbial communities. PLoS One,
2011,6(2):e17019

Brackett E L, Swofford C A, Forbes N S. Microfluidic device to
quantify the behavior of therapeutic bacteria in three-dimensional
tumor tissue. Methods Mol Biol, 2016, 1409: 35-48

Aref A R, Campisi M, Ivanova E, et al. 3D microfluidic ex vivo
culture of organotypic tumor spheroids to model immune
checkpoint blockade. Lab Chip,2018,18(20): 3129-3143

Ruppen J, Wildhaber F D, Strub C, et al. Towards personalized
medicine: chemosensitivity assays of patient lung cancer cell
spheroids in a perfused microfluidic platform. Lab Chip, 2015,
15(14):3076-3085

Kwapiszewska K, Michalczuk A, Rybka M, et al. A microfluidic-
based platform for tumour spheroid culture, monitoring and drug
screening. Lab Chip, 2014, 14(12):2096-2104

Puschhof J, Pleguezuelos-Manzano C, Martinez-Silgado A, ef al.
Intestinal organoid cocultures with microbes. Nat Protoc, 2021,
16(10):4633-4649

Gunti S, Hoke A T K, Vu K P, et al. Organoid and spheroid tumor
models: techniques and applications. Cancers (Basel), 2021,
13(4):874

Ro J, Kim J, Cho Y K. Recent advances in spheroid-based
microfluidic models to mimic the tumour microenvironment.
Analyst,2022,147(10): 2023-2034

Hu W, Chan H, Lu L, ef al. Autophagy in intracellular bacterial
infection. Semin Cell Dev Biol, 2020, 101:41-50

Brannon J R, Dunigan T L, Beebout C J, et al. Invasion of vaginal
epithelial cells by uropathogenic Escherichia coli. Nat Commun,
2020, 11(1):2803

Marzorati M V B, Ryck T D. The HMI module: a new tool to study

the host-microbiota interaction in the human gastrointestinal tract



+1316°

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (6)

(28]

[29]

[30]

[31]

(321

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

invitro. BMC Microbiol, 2014, 14: 133

Connell J L, Ritschdorff E T, Whiteley M, et al. 3D printing of
microscopic bacterial communities. Proc Natl Acad Sci USA,
2013,110(46): 18380-18385

Hong J W, Song S, Shin J H. A novel microfluidic co-culture
system for investigation of bacterial cancer targeting. Lab Chip,
2013,13(15):3033-3040

Burmeister A, Hilgers F, Langner A, et al. A microfluidic co-
cultivation platform to investigate microbial interactions at
defined microenvironments. Lab Chip,2018,19(1): 98-110
Shepherd F R, Mclaren J E. T cell immunity to bacterial pathogens:
mechanisms of immune control and bacterial evasion. Int J Mol
Sci, 2020,21(17): 6144

Grishin A, Voth K, Gagarinova A, et al. Structural biology of the
invasion arsenal of gram-negative bacterial pathogens. FEBS J,
2022,289(6): 1385-1427

Fan Y, Dong D, Li Q, et al. Fluorescent analysis of bioactive
molecules in single cells based on microfluidic chips. Lab Chip,
2018,18(8): 1151-1173

Shaner N C, Steinbach P A, Tsien R Y. A guide to choosing
fluorescent proteins. Nat Methods, 2005, 2(12): 905-909

Aymanns S, Mauerer S, Van Zandbergen G, et al. High-level
fluorescence labeling of gram-positive pathogens. PLoS One,
2011,6(6):¢19822

Delince M J, Bureau J B, Lopez-Jimenez A T, ef al. A microfluidic
cell-trapping device for single-cell tracking of host-microbe
interactions. Lab Chip, 2016, 16(17):3276-3285

Toniolo C, Delince M, Mckinney J D. A microfluidic cell-trapping
device to study dynamic host-microbe interactions at the single-
celllevel. Methods Cell Biol, 2018, 147:199-213

Ellett F, Jalali F, Marand A L, et al. Microfluidic arenas for war
games between neutrophils and microbes. Lab Chip, 2019, 19(7):
1205-1216

LiuLL, Cao XJ,MaW R, et al. In-situ and continuous monitoring
of pyocyanin in the formation process of pseudomonas aeruginosa
biofilms by an electrochemical biosensor chip. Sens Actuators B
Chem, 2021, 327: 12894

Dallongeville S, Garnier N, Rolando C, et al. Proteins in art,
archaeology, and paleontology: from detection to identification.
ChemRev,2016,116(1):2-79

Jing B, Wang Z A, Zhang C, et al. Establishment and application of
peristaltic human gut-vessel microsystem for studying host-
microbial Interaction. Front Bioeng Biotechnol, 2020, 8: 272
Deinhardt-Emmer S, Rennert K, Schicke E, et al. Co-infection
with staphylococcus aureus after primary influenza virus infection
leads to damage of the endothelium in a human alveolus-on-a-chip
model. Biofabrication, 2020, 12(2): 025012

Chrimes A F, Khoshmanesh K, Stoddart P R, ef al. Microfluidics
and Raman microscopy: and future
challenges. Chem Soc Rev, 2013,42(13): 5880-5906

Jahn 1J, Zukovskaja O, Zheng X S, et al. Surface-enhanced raman

current applications

spectroscopy and microfluidic platforms: challenges, solutions

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

and potential applications. Analyst,2017,142(7): 1022-1047
Grosse C, Bergner N, Dellith J, et al. Label-free imaging and
spectroscopic analysis of intracellular bacterial infections. Anal
Chem, 2015, 87(4): 2137-2142

Silge A, Abdou E, Schneider K, ef al. Shedding light on host
niches: label-free in situ detection of mycobacterium gordonae via
carotenoids in macrophages by raman microspectroscopy. Cell
Microbiol, 2015, 17(6): 832-842

Xiang S T, Ge C, Li S, et al. In situ detection of endotoxin in
by SERS
mcrochambers within bioscaffold nanostructures and SERS tags.
ACS Appl Mater Interfaces, 2020, 12(26): 28985-28992

bacteriostatic  process chip integrated array

Xiang S T, Xu Y, Liao X, et al. Dynamic monitoring of the
oxidation process of phosphatidylcholine using SERS analysis.
Anal Chem,2018,90(22): 13751-13758

Jiang W, Yin Z. Seeing the invisible in differential interference
contrast microscopy images. Med Image Anal, 2016, 34: 65-81
Kim H J, Li H, Collins J J, et al. Contributions of microbiome and
mechanical deformation to intestinal bacterial overgrowth and
inflammation in a human gut-on-a-chip. Proc Natl Acad Sci USA,
2016,113(1): E7-E15

Kasendra M, Tovaglieri A, Sontheimer-Phelps A, et al.
Development of a primary human small intestine-on-a-chip using
biopsy-derived organoids. Sci Rep, 2018, 8(1): 2871
Jalili-Firoozinezhad S, Gazzaniga F S, Calamari E L, ef al. A
complex human gut microbiome cultured in an anaerobic intestine-
on-a-chip. Nat Biomed Eng, 2019, 3(7): 520-531

Gazzaniga F S, Camacho D M, Wu M, et al. Harnessing colon chip
technology to identify commensal bacteria that promote host
tolerance to infection. Front Cell Infect Microbiol, 2021,
11:638014

Alapan Y, Yasa O, Schauer O, et al. Soft erythrocyte-based
bacterial microswimmers for cargo delivery. Sci Robot, 2018,
3(17): caar4423

Young A T, Rivera K R, Erb P D, et al. Monitoring of
microphysiological systems: integrating sensors and real-time
data analysis toward autonomous decision-making. ACS Sens,
2019,4(6): 1454-1464

Mansoorifar A, Koklu A, Beskok A. Quantification of cell death
using an impedance-based microfluidic device. Anal Chem, 2019,
91(6):4140-4148

Srinivasan B, Kolli A R, Esch M B, et al. TEER measurement
techniques for in vitro barrier model systems. J Lab Autom, 2015,
20(2): 107-126

Eain M M G, Baginska J, Greenhalgh K, ef al. Engineering
solutions for representative models of the gastrointestinal human-
microbe interface. Engineering, 2017, 3(1): 60-65

Shin W, Wu A, Massidda M W, et al. A robust longitudinal co-
culture of obligate anaerobic gut microbiome with human
intestinal epithelium in an anoxic-oxic interface-on-a-chip. Front
Bioeng Biotechnol, 2019,7: 13

Shin W, Kim H J. Intestinal barrier dysfunction orchestrates the



2023; 50 (&)

BiE=, % ETHin

==

o
T I0N

AR - E A B AR AR AR

<1317

[61]

[62]

[63]

[64]

[65]

[66]

[67]

onset of inflammatory host-microbiome cross-talk in a human gut
inflammation-on-a-chip. Proc Natl Acad Sci USA, 2018, 115(45):
E10539-E10547

Van Der Helm M W, Odijk M, Frimat J P, et al. Direct
quantification of transendothelial electrical resistance in organs-
on-chips. Biosens Bioelectron, 2016, 85: 924-929

Booth R, Kim H. Characterization of a microfluidic in vitro model
of the blood-brain barrier (muBBB). Lab Chip, 2012, 12(10):
1784-1792

Benson K CS, Galla H J. Impedance-based cell monitoring: barrier
properties and beyond. Fluids Barriers CNS,2013,10(1): 5
BrownJ A, Codreanu S G, Shi M, et al. Metabolic consequences of
inflammatory disruption of the blood-brain barrier in an organ-on-
chip model of the human neurovascular unit. J
Neuroinflammation, 2016, 13(1): 306

Jeon M S, Choi Y'Y, Mo S J, et al. Contributions of the microbiome
to intestinal inflammation in a gut-on-a-chip. Nano Converg,
2022,9(1):8

Sarro E, Lecina M, Fontova A, et al. Electrical impedance
spectroscopy measurements using a four-electrode configuration
improve on-line monitoring of cell concentration in adherent
animal cell cultures. Biosens Bioelectron, 2012,31(1): 257-263
Cui FY, XuY, Wang R J, et al. Label-free impedimetric glycan
biosensor for quantitative evaluation interactions between

pathogenic bacteria and mannose. Biosens Bioelectron, 2018,

[68]

[69]

[70]

(71]

(721

(73]

[74]

[75]

103:94-98

Cui F Y, Shen X Q, Cao B, et al. Bacterial identification and
adhesive strength evaluation based on a mannose biosensor with
dual-mode detection. Biosens Bioelectron, 2022, 203: 114044
Zhao Y, Hu X G, Hu S, et al. Applications of fiber-optic
biochemical sensor in microfluidic chips: a review. Biosens
Bioelectron, 2020, 166: 112447

Holzner G, Du Y, Cao X, et al. An optofluidic system with
integrated microlens arrays for parallel imaging flow cytometry.
Lab Chip,2018,18(23):3631-3637

Oosthoek-De Vries A J, Bart J, Tiggelaar R M, et al. Continuous
flow (1)H and (13)C NMR spectroscopy in microfluidic stripline
NMR chips. Anal Chem, 2017, 89(4):2296-2303

Bao B, Wang Z, Thushara D, et al. Recent advances in
microfluidics-based chromatography-a mini review. Separations,
2020,8(1):3

Feng X, Liu B F, Li J, et al. Advances in coupling microfluidic
chips to mass spectrometry. Mass Spectrom Rev, 2015, 34(5):
535-557

Yang R J, Fu L M, Hou H H. Review and perspectives on
microfluidic flow cytometers. Sens Actuators B Chem, 2018,
266:26-45

Kraly J R, Holcomb R E, Guan Q, et al. Review: microfluidic
applications in metabolomics and metabolic profiling. Anal Chim
Acta, 2009, 653(1): 23-35



-1318:- EMUESEYYIEHRE  Prog. Biochem. Biophys. 2023; 50 (6)

Photoelectric Detection Technologies of Cell-bacterial Interactions Based on
The Microfluidic Chips®

TAN Hao-Lan"”, HE Hong"”, GONG Li”, GE Chuang””, XU Yi'"""

("Key Disciplines Lab of Novel Micro—Nano Devices and System Technology, Key Laboratory of Optoelectronic Technology and Systems, Ministry of
Education, Chongqing University, Chongqing 400044, China;
ISchool of Chemistry and Chemical Engineering, Chongqing University, Chongging 401331, China;
ISchool of Optoelectronic Engineering, Chongging University, Chongging 400044, China;
“Key Laboratory of Translational Research for Cancer Metastasis and Individualized Treatment, Chongqing University Cancer Hospital,
Chongqing 400030, China;
School of Continuing Education, Chongqing Aerospace Polytechnic, Chongqing 400021, China)

Abstract Cell-bacterial interactions refer to the process in which bacterium or bacterial metabolites act on the
host cells, causing cellular and bacterial changes in morphology and functions. Cell-bacterial interactions
researches are of vital significance to life sciences fields, such as drug development, disease diagnosis, and
medical therapy. Recently, the detection and analysis of cell-bacterial interactions have developed rapidly.
Cellular and bacterial morphology, activity, barrier function, and metabolites are the important clues to detect cell-
bacterial interactions, which are essential to reveal deeper inflammatory disease mechanisms. Because of the
controlled environment, good biocompatibility, multi-detection, and miniaturization, microfluidic analysis
technology is developing into a powerful tool of cell-bacterial interaction research. In this review, we first
introduce cell-bacterial analysis methods and technologies based on the microfluidic chip analysis briefly. Then
the cell-bacterial interactions models based on the microfluidic chip are discussed, and later focusing on cell-
bacterial interactions detection by microfluidic analysis technology, especially on the application of optical and
electrochemical methods integrated with microfluidic chips. Microfluidic optical analysis system combines the
chip with different microscopes, which is widely used for cellular and bacterial morphology imaging, and
providing more details about metabolites with spectrometry during cell-bacterial interactions. Microfluidic
electrochemical analysis system usually assemble directly microelectrodes on the chip, and its main advantage is
monitoring dynamically cell-bacterial interaction through changes in electrical signals. By integrating
microfluidics technologies and various detecting modules, microfluidic analysis technology has become an
advantageous platform for cell-bacterial interactions analysis. Finally, the challenges and future development for

microfluidic photoelectric detection technology in cell-bacterial interactions are discussed and prospected.

Key words cell-bacterial interactions, cell-bacterial co-culture, microfluidic analysis technology, optical
methods, electrochemical methods
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