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EEtEREERA DATES MM AR ERE.
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A preliminary study on the regulation and analysis of indole mediated

bidirectional chemotaxis behavior of Escherichia coli
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('Key Laboratory of Biomedical Information Engineering of Ministry of Education, School of Life Science and Technology, Xi'an
Jiaotong University, Xi'an 710049, Shaanxi, China; >School of Life Sciences, Tsinghua University, Beijing 100084, China)

Abstract: Chemotaxis constitutes a fundamental mechanism underlying bacterial behaviors such as microbiota
colonization and cancer therapy, while also representing an actively studied area within quantitative and synthetic
biology. The indole induced bidirectional chemotaxis in Escherichia coli is mainly mediated by two methylation
chemoreceptors (MCPs) with antagonistic effects, Tsr and Tar respectively, which was investigated in this study by

mathematical model and experimental verification. Based on signal transduction dynamics model and Markov random
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walk model, the bidirectional chemotaxis of E. coli was described and simulated at both individual and population
levels. Meanwhile, one of the MCPs receptors Tar was knockdown by 0%, 40% and 70% respectively via CRISPRi,
and the chemotaxis behaviors of knockdown strains with different Tar expression levels under indole induction were
observed and analyzed by Transwell migration experiment and self-designed microfluidics platform. The regulation of
bacterial chemotaxis behavior was achieved in this study by adjusting the ratio of two antagonistic chemotaxis
receptors Tsr and Tar, and together with mathematical model and experimental observation, the influence of Tsr/Tar
ratio on the chemotaxis behavior of E. coli at individual and population level was preliminarily revealed in our study.
This will benefit the quantitative analysis and precise regulation of chemotaxis behavior, as well as the future

applications of bacterial chemotaxis in various fields.
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Fig.1 The signal transduction mechanism of chemotaxis in Escherichia coli

HEFT, KINESH “ER”; CheB @M %
FA A 30 e 12 T

Mg e 2 Jp 3 T A AW P 2 —, R B
AT G| RE A 3 0 1 A B I, B e R ] W
SN, RKE LGk, AR A [F 4
T FR) R L RE 0 7 AR R A o R X 1] A e S H
PR A FH 280 M R MCP 23 S 3L R Uit 1 BT A
T R EE NG| WA Tar 524K BN IE [ &AL 77, R
il CheA H BERRALTE £, AT 2E#E B CCW i
e, AR I P A 1) SO s IR YA B NS R A Tor %2
RIRFIN T AT, fieidt CheA B BEIR AL (£ 15 4
B CW ek, dHpITHMR GNP s S N . P
Fobt Th & LA 5 DT 52 0418 15 20 11 75 5 W BRI
X M PR 87 X ) e, Wi Mg 4 PR R0 0 B ke T Y
FRIAF NS R 50 1 e IS 3 FRD 4 T XL 1 s Ak
J I8 e 5 Bl 38 ol A2 Wi v o IR R E L, 1R
N BOR EYD, O TE A RN TR SR A TR
WA .

IR AT (1 A e i 38 0 2 45 g 4 P
I HCZ @ P - B R ]
K (Markov) B AL A 15 0 S5 A8 Py (1) 22 b g 2 A
L (Sb IR Py IL SiCHNE S E . R L S
(IR, X T S BRG] g 1 3¢ 0 X i o A 5 L £ %50
PR A LA B s RN, A K AT 1 6 el
W S5 ) JE (10 X i 7 A S L 2 A E S A7 £E 32 4K 8] 355
PUERT, HXUA AL S AL AT 5 IR AN T,
) A2 52 A2 [ 435 470 9% 28 068 i A R EL I % i) B 2 i

Flagellar motors

_ CCW
CW

*

¢~ ¢

Motion



%£6%  www.synbioj.com 1401
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SRS K T R AE U2 AR 5 T A I B AT
ARG ALL AN E 40 M [F) IR A CRISPRI 43 A %
B AN Ak 52 A% Tar BEAT A [RIRE B2 (9 AT 75 3 A 11K
WA T EBAITANRE, RS S
Transwell 4 B L #% SE50 5 O S B AR, XS 1] e 55
5 NAN[E] Tar 35 5 & PR A& AR BEAT 17O 5 23
B, BRG0P R AL 52 4 Tar-Tsr AH X 1A L A5 % 44
EEA BN . A S TARRY RBEAT I
€ BT FURIRE B i % T B, N ez
L BE5E TRl

1 MBHIJTIA
11 Eitk. ERSDNAFIIER

AW T AT B AR . TR S DNA P 8IS B
1R,

1.2 BFERAR

LB #5974k
T BRI 5 g/l

SOC 15773 0.5 g/L NaCl, 20 g/L & A%,
5 o/LEERHEEY), 3.6 ¢/L 7 %K, 18.6 g/L KCl,

UL £ B A M R B 2 i MB P 7E M9

NaCl 10 g/L, FEE Ak 10 g/L.

R AT LR, RS DNA FAI(E S

Table 1 Strains, plasmids and oligomers used in this study

Name Description Source
Strains
E. coli DH5a F-lacZA lacA(lacZYA-argF) U169 deoR recAl endAl hsdR17(rK+,mk+) phoA supE44 Y-thi-1 gyr496 reld1 TransGen
Biotech
E. coli RP437 F- thr-1 araC14 leuB6(Am) fhuA31 lacY1 tsx-78- eda-50 hisG4(Oc) rfbC1 rpsL136(strR) xylAS5 metF159 [20-21]
(Am) mtl-1 thiEl
E. coli RP437ATar  E. coli RP437 mutant with tar gene knockdown This study
Plasmids
pUC19 (Bsa l free) ~ Amp®, pBR322 origin, no Bsa I restriction enzyme site Tsingke
pUC-eGFP pUC19-derived plasmid carrying eGFP, for cell visualization in Transwell and microfluidics experiment This study
pdCas9 Cm", backbone plasmid for CRISPRi, carrying dCas9 gene (tetracycline-induced) with sgRNA scaffold [22]
(arabinose-induced), and mRFP expression cassette
pdCas9-Spacer 1 ~6 pdCas9-derived plasmid inserted with Spacer 1~6 for far gene knockdown This study
Oligomers Tsingke
Spacer-F1 TTCAGCCATACTTTTCATACTCCC
Spacer-R1 GAAGCGGAATATATCCCTAGGTAT

GCAAGGCGATTAAGTTGGGTAA
TGAGTTAGCTCACTCATTAGGCAC
CGTAAGGAGAAAATACCGCATCAG
ACAGGAAACAGCTATGACCAGAATT

Spacer-extend-F1
Spacer-extend-R1
Spacer-extend-F2
Spacer-extend-R2

GFP-F-EcoR | CCCAATCCGGAATTCCGCAATTAATGTGAGTTAGCTCAC
GFP-R-EcoR | CCCGGACACGAATTCGATCCGGATATAGTTCCTCCTTTC
GFP-R-Spe | CCCGGACACACTAGTGATCCGGATATAGTTCCTCCT
Spacer-1 CCAGGGAATGCAAAATGCAA

Spacer-2 CCAGCACGGCGGCAAAGTGG

Spacer-3 CGCACGCGCGGCTTCAACCG

Spacer-4 TGCTCACTGGCAGGACGGGA

Spacer-5 CGATAGCGCCAGGAAAACAT

Spacer-6 TTCAGTACGGGAGGAAAGAT
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F bR £ (Na,HPO, 6.78 g/L. KH,PO, 3.0 g/L.
NaCl 0.5 g/L. NH,CI 1.0 g/L. MgSO,7H,0 0.493 g/L.
CaCl, 0.011 g/L. iZ&i#i 4 g/L) FiHm20 g/LE 2
J g BE i K30,

PUERZIREL: HNHEHR 100 ug/mL, {EHR
25 ug/mL, RAPFZ 50 ug/mL, HEFHE K 50 pg/mL.

FHEFA: 5 g/LBFRAARE, 0.5 pg/mL EHER VY
K, EMELEKZEOD,,N0.6~0.7H A

NaCl. %) B A1 KC1IE B 25 5 H 4k 52 1l 77
ARRAE]; JEE A AR BRI B 2 [H Oxoid
7y ® ;5 2xTag Master Mix (Dye Plus) « Phanta®
super-fidelity DNA polymerase fl 2xChemQ SYBR
qPCR Master Mix Il [ Fg 51 i ME#E AL VIR R 0 A
B /A #; Bsa I-HFv2. EcoR I-HF. T4 DNA ligase
H1 T4 DNA ligase buffer 4 F| 5% [H NEB A &) s Jii fi
ARG & B RNAREGAG & i A2 DNA 4
e TR WS 77 5 A0 4 TR A R 2 4 O ) T B B o
RIBAEMFH AR A . B 51 7/Spacer 5 51 &
B AL SRV E AR A F] .
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P R N = R ENTT=J S {3 VP T
s aRES B S FEMRE . BT
A0 (D
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T 4 D)

K, o NBEETEE, NONFTA MCP E Ak H
R RAKE, N-e(m, [L])NBGE/ KRS
MCP I H B2 7 o BE ML I R H S5 A 9 Be AR &5
B (<1 ms) /T2 FEARK >1 9.
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BEAT — RS, A ANR

(D FH M ar ezl s=0, M 6— 0+ A0,
AO~U( —m, m), MM, y A2, HIJEH “FY
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vA KB, H o NIZEIE

(2) fEt— ¢+ MR, 20 RS s B Ht
(1 -s)REMMEAP([Y]) dee R 3 ~
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1.4 FHA CRISPRIAZXMTE Tar 2T RE
ERREE

1.4.1 CRISPRi A% 45 09 M 2

AHIEFE R pdCas9 i A 2 #4747 CRISPRI fil
{IK Tar 52K 1) TAE i ki . pdCas9 5 #i H & 4 dCas9
5 sgRNA scaffold % i J¥ 71, 34 3 1 P, )i 8 1
(WUHERFET 5P, obsh T (FIRAARESE S i
UGS . Hod dCas9 N2 10 7 & HE R R & &= IR
AR NN E R ) Cas9 K R A K, B Cas9
(D10A) . sgRNA scaffold £1 ¥ Bk Spacer [ 51 4 ]
sgRNA 254, 8 i 4 A AN [F) Spacer J¥ %1, AJ BASE
P FEAREE DR R S Ve 4] .- Spacer FR A1 A1 TR HE A
HEAT IR, EMY http: //crispr.dfci.harvard.edu/SSC/i3
TR, REEFEN T ar FEH R W75,
HiZFFAITE KmHF 1 E. coli RP437 JE K 4 145 57 1
B NG R BN . B BT 6 NIk
I ER AR ARAF G GRD.

FH PCRY G A& S hl bt i PR BT
FIP, o JE BT R ST NI R A &1bF. ik
Fric . dCas9 55 sgRNA scaffold % 5% ¥ 51| [f] pdCas9
B, HEIGHEIR TR A . 56 Bk e %
J7 51 4% EURE 7€ BBV & J5 #5147 Golden gate H#%
AL KA E. coli DH50, 4 pdCas9-Spacer
AR TURE o % B 4H J5ORL A% A0 A4S B 25 pg/mL & UE
F N LB A 44 55 77 B 4T 7 i% . /£ pdCas9-Spacer
1~6 &9 i AR bor Ik E 2 S B T, A
5 51 %) Spacer-F/R # 17 B ¥ PCR % ik, i#id PCR
2ty K A Wt Spacer 7 71 & 5 i Ih AN o
1.42 XWMAFHE E. coli RP437 4 & 55 4L F tar & F

84 SAK

W LA b 6 /> 56 F T A 1 B 4H 50K 23 il FL R A N
E. coli RPA37T W ¥k, HAKJy: OD, 0.6~0.8 ] E.
coli RP437 1 #1572 W, 6000 r/min, 5 min, 4 °C
BT . REXRR EIER, SRR A
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15% H i E B4 W, 2RI OWEE .
HE3~5, WM 0.1 AT 15% H il
HEYNE, RIS B EZ S M. B 100 pL &
AN P i O\ 415K DNA 50 ng, JEE B2
4 CCHIA W A, #E 5 min. A 18 kV/em
(1) FL 3 i B R AT R AL, FE K (RS L 5 mss
I 1 mL SOC 377 3k 2 AR A A B B s A )i
37°C, 200 /min B 755597 1 h, IRATE 25 pg/mL &
R LB AR 7E 3
143 tar AR AR REMKAMGENREEE

PCR(RT-qPCR) %4

MK BT E. coli RP437 [1) 6 /> B B4 4k §i 18 ~F
PR PREL 2 AN BT B, VAR LB 5 7R kg
A, NS g/LFTHiARBEF1 0.5 ng/mL #h VY 36
F£i5SF, FIH RT-qPCR & M rar & K ) AH % mRNA
P, DL 7 & CRISPRI R R #0025 . 2
RNA $2 BRI # 5% 55 30 72 2 i 5xEvo M-MLV RT
Master Mix }2 2xChemQ SYBR qPCR Master Mix iR

-

FIULEH, H P LL16S IRNATE RN SR, FH
274 - BT tar FE IR B A X mRNA K P2,
Snap Gene 34 ¥ v AL K FT 75 5190, H L PCR LA
SV PCR 51 WK & 1% B AF 18~25 bp, T, fE 1%
fE60 °C/ti, GC & EIREIRFFIE40%~60%. %
)t %€ & PCR 5| #11# F§ NCBI 1 [ Primer blast I it ,
KRB AE 20 bp, F=A)R/INMEHILE 150~200 bp

1.5 Transwell @EFB LI SRFERIFE N

P HESCERIRAE , A3 0.4 pm FLAR T B R Tk T e
) 12 FL Transwell H 3F 17 40 & iE #8 5256 = [ 2
(@] WRIRAAMFEK. 75% Wik ToK BB
AR 2 min, EFEERTRSET. £ FEH
AT mL 0.1 g/L %R L-i s BRIl (43 F & 15~
30 kDa), N b2 DLGL A 5 ik I M VS T R T
FERTNEE 20, B EE, #EET, BT E
FR-L-BR R, HNZE KB T =8 T 00E
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Fig. 2 Transwell migration experiment and image processing procedure
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OB T . (EIB BN MB HI 10 /L 1 ER g
B, B, NS 52 29 FE 53551 0 mmol/L
0.5 mmol/L. 2 mmol/L H 78735 ¥ E=EMNT
=, AR EEFR I 1 mL MB-EIRFEA R, &
BRPHEEE, B EEIEE, BT RRm. K
R & el A M EA E. coli RPA3T W R K:
FEW (0D, 1.0~1.2) F 6000 r/min, 5 min & 24
LMW, HHMBHEEFHEL, BERZDEI~
S, % H MBEEYE £ 0D, 418 0.4, F
IS mLAEEBRMATE, BMALE, EiRfHE
8 min, JFEEGIRSY. B L=, SCEDE N RER
AT #MBH 5 s B, I F8 H ek G ) 2 4R 3
FRERATIET, IR K AR T R 3R T ok B VA
BIETHEEEN, EE T AT 10 min. %K
AT ZEMK . oK CBETE# T %, (B
BN R, B L=, A% EEE R
WS, 7E 0.5 mmol/L TiiE M 4, &5 — Ik
WAz B 20 0 T E 2% P MB RN 2 mmol/L 15|, T
& NS min J5, WL EEAE 0.5 mmol/L W] W K R )
Transwell 41l & iE A2 15 .

9% B AL T R gl i P Ge it vk [E 2
(b)1: Mt G )AL BT Hp ik BZH B 40 A 5038 2
(1100 pmx100 um XIHEAT 7345 4 70 B X dd% L
B 4 72 [ 5 15 R 360 pixelsx360 pixels, 18 H
MATLAB # A5 BG AT A B IR G5 =
¥, DAk mEE etk es g, SRR TSt
Y1 AR 2

NTETEE, HWERESORICEANE
Y E. coli RPA3T Ftk: H4 eGFP R R EH: N\ pUC19
kL, 15 B Y pUCI19-eGFP Jii i # 1k E. coli
RP437, 7531 7] ]+ Transwell A 1 5256 b ELW
NN ) B 4L B KR E. coli RP437 (pUC19-eGFP).

1.6 MRESHRI . HAEHTRLE

RS ik Bl pFlow 26 BIE NS %, A&
B EEAE R B AL WA B, BEE A 3N EANTE
EHIAMREEE (B3] AWK
W IZ B G2 PR AR E IR SR B PR G S5, TR
TR A 7 AR R R L 37 ETEN G
fEHFIEE, IF g G e AT Sk br.

AutoCAD H 1 58 O 4% 85 A 10 P 1H 131 5 = 4k
L, MENPDMS M. &¥it)G, HIFME
TN A BR 2 7 HEAT B i 21 5588 1 il 4

i T PDMS it gt /K PR K, M DL B B2 v
KA HENVRTE, MR B A AT A .
ToK CBE e O R M REE N IE N,
J& 7174 200~300 kPa JE N, HZIENTAS
TR H N . RS o/L 1 e BB R4 (SDS)
IKIEWGHAT REEZ) 15 min,  DABRAR A Py 2 1 %7K
(1R T 5K 75 6 B K/ 4 F R B . 8
5 g/L SDS ) MB ¥ i 47 #E L5 29 10 min. {1 MB
S PR AT HE P 20 15 min PLBR L5 B 1) SDS. 8%
Krgs a5, M 10 g/L SDS. 75% (A% 2
B KV HE Y 20 min DA b, 2 5 B S IR
TETAK L BEFIRAT

AR AR & EBERMRES . W
M B 5 RE AR (B3], HP#r RS
AL S AEERE O, B B0 N T Rl [ ] vk
JE ) MB 227K (Butter 1 inlet 1 Butter 2 inlet) LA
KAWL 4 5 (Bacterial inlet) » SN R UE IR 425 108
A IEH RasE TAE, 7% Inlet 1 812 1 MB 22 4 ¥ LA
5 A A 7 1) 9 T A DA 7 A T 1 R R P 3
LA T A I B 2 ERE BN ARIE JE AN
TR — P, WAL T W 3 () B s
FERG: Wi EFTERI A FC, AT HERE O AL E
BEAT R0 AT s P47 60 006 3R G0 e ke 21 22 A
F 5 RS AR B DR 9 3 aok o il g A 10 it K
D IF e JE PSSR, P R R IA B
P 30 FE AR Z8 PR R AR AR R . R GE R 5
L F #E TR 5 (500 kPa) Ui IR W F T
B b B0 . AR G ok F 3R EIR B, R
WE N 0.4 mm, £k IE N 0.04~0.68 r/min.
ENMHRERE (BPT) WA, RAMNEEE 58k
NERVUSK A RE . T8I 5 Sk il e B iERE R4t
MW B, $51 Butter 1 inlet fll Butter 2 inlet 7 fft MB
SEITR IR IE A AR ], 4ERFLE 5~10 puL/min.

1.7 RS R IREBIAERNFSEIEIEIE

O 7 BETH A% 1 2 AE A R0 I A B e s AR
€ B ST B BE gy o At R O JR) R A TR R
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Balance bottle

Buffer2 inlet

@ Pressure relief’

[>=] Ball valve
valve

&Triple valve

Indole with high
concerntration

(b)

l Bacterial injection

Indole with low

concerntration .~

Bufferl
inlet

+

Concerntration grandient generation module

Chemotaxis observation module

B3 szt s s
(a) WIRIEHFERGRER: (b) pFlow B EREE 27 (o MRS Bt R SA08 pm)
Fig.3 The design and optimization of microfluidics

(a) The injection system of microfluidics; (b) pFlow design of microfluidics *”’; (c) The detail of microfluidics

ITARAL, AT S5 KRS B B i I R R AR o AT 9T
{8 FH Ansys CFX it 47 BB A 814 & Fikentscher
FEA S P, X A v R S R BT T S
Pt . JE I 7 3O R A R BN RLTE I A TR
SICEE , ol /N AT TN A 5 N T Bee AEK 78 0 A ik N
W G RE R, R T RS, i
PR AR TE N G Re 8 5 4F IR FF R TR A, fRIE
FE AW A5E B g B A B AR HL 385 (R FE R BE
fio PLANBE AN (bacteria inlet) N JE &, 74

B G HRARIE y I s e, R E R
TE x 75 [a) VR A R B AN o AT A D

FiAh s BA 1% i R R A 2R -2- 2 A -6- T TR
TR (HETO EAROR], ARSI S
R %A T 3R 0 B e A IR EE Y, Bk 4
%7€ Butter 1 inlet A1 Butter 2 inlet il A 754 MB 5 i
AN B35 0 MB i, fEABEEND AT E
MB ZEmil: Frfilie e f5, ERME TS T )=
Smmik CAHEEEN A y=0) M EHE P S 55
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AR . IR AR AE ) MATLAB 12 Fr it 47 4t it
3 Gk L B x 77 16 £ 23 AT A

1.8 FIAMRES R XBTEBEIRNSAEL
T RRIMFN S

AT G I 2L 4 B AR E. coli RP437 (pUC19-
eGFP) B H tar 55 K @K B #K 35 77 2 OD,, 1.0~
1.2, F 6000 r/min 0> 5 min W EZH, H MB 2%
PR B 3~5 WA B0, MB HE B 41 £ OD,,
298 1.0, 47 3 M ROR 258 B /) Butter 1 inlet A1
Butter 2 inlet il & @ A M) s ¥k £ 1 mmol/L.
0 mmol/L () MBIZ BN 22 i, —#IRA 5 ¥ ERI
s O WU B I 0 PN TR R R TR IR P . AR IR R
BAREES7 T 5, M Bacteria Inlet 3 78 8 A\ ik 4b 7
A EEANTE - 4> BITEENANEE J5 1 180 s+ 390 s+
600 s f1780's, TS y=5 mm#it (HHEENI N y=
0) FHROLHEIIL R A BB T RGNS (EER
] 5 ms. MWi% 100 fps). H4 g4l A H MATLAB
FEFPHHAT G 00T, FF4 ] 4 B 5 A P

1.9 BESHGE

SEIG W E AN AT AR, g5 RO E AR
WERZ B2~ , Bl UL Graphpad prism #CHHE . i
et B3, p>005H R LEEZER,

FRIEH “ns”. 4 p<0.05 B ARid A “*”, p<0.01
FRid N “**”, p<0.001 fric 2y “H**”, DL b =Fh

PRACARR B AR B 22 57

2 M B

21 KEBHFERBEIRN SEELENEIEFEEU

21.1 EHEHFHHFHEBDGEMER

55 5 5l 77 S AT X 4 B R Ak TR A R
2 AT B 5 B o 138 0 140 BL & A 1) SPECS
BRSO Sy R, B RORTEA FRIE T MAZE 3)
RERELTEHMER . HTFEEF P = NE

B, AR CW, = ﬁww&sﬁzaws

BE MR AR, H ONHE R R AR N B B

(CW) BB E] L] . CW, (BB , 4 A A e
FR) AT HE R Rk O, D B ) e I A T A
R4E O AL, IF 20K Tar 246 5 Tsr 24K (140
Y&, T AR AE AN [FAE T e B G, R
CW,, — cKFR, HRME 4. i, Bl Tar B8
M AR 1Tar,  HoAR 73 0l B 38 o/ B A5 4
Tar-only 5 Tsr-only M| 43 il 48 3R A AL & A2 B 5% AR &
& N Tar 324465 Tsr 3244 .

HH B 4(a) A &1, Tar-only ff) CW,,, Bl ¥ B 384 i1
T PG, B Tar 52 44 208 € 0 tH 1E [m) &4k 1tk T
Tsr-only Wl 5 2 1 ¢ o X T [Al I 33K Tsr 55 Tar 52 44
TR PR, 3 B RH DGR B 2 52 e A B A AT
HCW,, - c RARMAA T REH IR KM : BT
AN[E] Tar FKIA /&, H Tar LlBR S, T2 B R AE B
B, XTREEIREE e/ i BL B M mr g, 4
HA “@ilE” WRXEMES, XRPIER R Tar/Tsr
FAK LB, G R T AR e SR — A
B”: A TR B T B, 0 1) R
BALALZE), T T A W K R AL B
ML A3 A “ R A4, BB “XUn iz 3k
A7 H Tar/Tsr ek bR Ry, 500 R B B AKK
HEBR R, EREOIRET, KAeBNTT A
SR EIFAESE B CW B RN T SR 1), T A2
B W ALK &R, BRI aCW,,/dc TR 5E 1 .
M 9CW,,/dc >0 B, R A A m &k, Im
ACW ../ dc < OB I Ay Ik m#afl, HARHE R E T
B/ SR EE . DRI, R TRIKEESE ], R
‘& Tar-only ] CW,, {H KT Tsr-only, {HH CW,, K
WPE o Fhm TR, PSR Rk, B
)R FE L AR B B

TN S B s i s I L 7 N R W VA
AR (RISZ AR H I 2D, XA R RE e W T
B B [E) A2 A HEAT T 204, WiEl4(b) . HH Tar-only 5
Tsr-only Xf LRI A1, Tsr 52 & FH AL TR BERCER, W] K
Ay PR LR ZY ) IE NAT G B2 v A R G|
RmJE, FEEE AR R R R K 1 Tar 524K H
IR, SBRHEM IR IEE, K
2 WG| W5 T T [ B A R RR AR BUOK A o 2 P A
ZARSLRIAEAE S, AT DU AN 18 2 508 W5 Wik 1) i J97
WSeid NIt RE, WA Ter 2R pr £ 5 3205k
FHREm, MEPREEN FE. Hd, Tad&E
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CW,,,. vs. Concentration

2.5 Tar

Tsr-only

Tar-only

0 0.2

0.4 0.6

Concentration/(mmol/L)
(a) AN [T P5| e BE RS ] Tt/ Tar B2 AR LGB R CW . — ¢ K FR

(a) CW,,. — c relationship at different Tsr/Tar receptor ratios and different indole concentrations

CW,,,. vs. Time
1.00 {0 mmol/L

0.75 \

= 050
L=

0.2 mmol/L 0.7 mmol/L

0.25
Tar-only

0 100 200
Time/s

1.00 }0 mmol/L

0.2 mmol/L 0.7 mmol/1

2.5 Tar

0.25 Tar

0 100 200
Time/s

(b) AS[RI W8] Mk BE N AN [ Tst/Tar 324K LU R CW - 1 BB IER
[ B R R L& AR B A B N 1N Tar 52485 Tsr 2R CW - ¢ BHIE R A BIRRAF & & Tar(5r AN 2.5 1f5. 0.5f%. 025 %
A B Tan & F CW,,, — t KR, Hf, Tar-only 5 Tsr-only 73 HICRAN A G A EM &2 T K Tar AR5 Tsr 4k, Tardf

1 H AR LA AR B2 8 A D9 1 T, 70 00 08 e/ B AR A 4 ]

(b) CW,,,. — ¢ relationship at different Tsr/Tar receptor ratios and different indole concentrations

(Tar-only and Tsr-only mean physiological concentration of Tar receptors and Tsr receptors. The number before Tar represents the corresponding

increase/decrease fold when the physiological concentration of Tar served as 1 Tar.)

B4 555 S AR S,

Fig. 4 Simulation results of signal transduction kinetic model

B, SRS IR N, T IR R R
AN CHPIE R RS, (H AR R RIAS B35, {15 BA Tsr
BN E . ABHASIERRZ, 2.5 Tar HAEEH IRZ
FIF RIS T Ter F ik HE L EN, 235 =
R IR S5, ROFFEIK, RIH T Tar
AR SO RFAE 2 W 858 M. {5 Tsr 5 Tar 5244
PISCRCPE R AT “WH” . 54b, MEIGER MK
A, Tsr USRS, Tar/Tsr 2808 19 AR X LE 43 388 K,
W) 2= T BUSUH 12 3k FE B A W FEAIC
2.1.2 AU A AR GBI L R

b AL A B R R AN [F] 52 AR 30 L ] T kL
FIBBWAT NFE, MBEAA Z A IF 70 0 1 48
PR AL 5 12 BRSSO i FE o AL 5

(] BT 1R 3 A RS BEAT 70 M, 49 BU0RE 76 x il
J7 ) R B oy A 2 (B 5) . AN AFALE Tar 3244
B, R BRI S R B T 2Bl Y Tar R
3 LA AN W7 930 2 B, ) A R ) AR AR W] W Ak
AR . BONEBRZ, X 2.5 Tar 4
5 1.0 Tar 20, 5 FAT 3 o0 394 () 8 2 [ K
WEETT IR %5, AH % 2 73 A7 (R W AE 20 A7 T x Bl 1E
i R =R gD s 7E 0.5 Tary 0.25 Tar 5 Tsr-
only HH, I G IFLHTH I, 7L 2 5 7E =ik
FE AR WY 2R, R TR A A AE SRR (IR BE
XD . 52 ARG, W TR IE FE e
Tar, WUAERL - FFEAR I R 1] = i B X382 |, 7R
W JE X IRTE B — > R % PRI . X2 i T1E
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2_ -
a Tar-only 10.0 - 0.5 Tar
z1-3 > 7.5
310 g
ﬁ . % 50-
5 b=
=~
= £
0.5- 3458
0- 0- ts
-1.0 1.0 -1.0 300
x/mm
10.0- T
7.53
5158 z
Z é 200
2 5.0-
s l0- e
2 i1
1—_' o
= 5- = 25-
0 5% ; i . 0358 100
-1.0 -0.5 0 0.5 1.0 -1.0
x/mm
20 - Tsr-only
10.0 -
z g 15) 0
‘B 75- ‘F
5’ 2
o ¥ ]0‘
5 50- =
£ 5
[«
25- = 58
0 - 1 O- 1 L} ]
-1.0 -1.0 -0.5 0

A5

x/mm
it AL 98 7 4SS B BAUL I By kL 0 5 5 A7 it 2%

(H 1, Tar-only 5 Tsr-only 43 HIARFA A& A &M & 8 T Tar /K5 Tsr 4K, 2.5 Tar. 1 Tar. 0.5 Tar. 0.25 Tar 53 3 %R 2.5 fiF
Uiy 055 0.25 54 H 24 AR & B Tar)

Fig. 5 Density distribution curves of particles in simulated motion of random walk model

(Tar-only and Tsr-only mean physiological concentration of Tar receptors and Tsr receptors. The number before Tar represents the corresponding

increase/decrease fold when the physiological concentration of Tar served as 1 Tar.)

RL5- Wi N E 37 AT AR R BE, - B IREL B Tar kL
AMEEE R CREE” R b, HazzhE)
FA AR TR, FRL Ik B ek gt A A
AMERTT; TR, BoA v ELA Tar PR I
Hh B I TRIE N, ELAE I SR A T BE AL
AT, TR EEK R A R 7 BB
DX, PRI AR o R A e X R — B
IR, I NLE AR T B e ) P W

A 853 A IS 5 3 1 2 R R BE AL A R

AN PR P J2 T B A AT 73 BT 17 Tar-Tsr XUS2 444
FIR 4 X F AT v, IR A T AN Tst/Tar B
B ke N S 3E MR, N R ST N
SIS B UESR (i T BB SR

2.2 KB E. coliRPA37 H Tar BUZHAE
EERRERRIZEIGIE

2.2.1 CRISPRi &R ¥ 3% it 5 # &
AL S LA pdCas9 Jii ki Ay FE il 44 3 T 0T i S
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ik Tar 244 (1] CRISPRi T EJifi i, pdCas9 Jii fi H 7%
A ) dCas9 N Cas9 (D10A) AR, DIOA {7 fi%R
A7 F N i RuvC Z5 8380 2, 2k 2 7 X #LbR DNA
FLBE () N B E T ; (H dCas9 /5 AT #E sgRNA [
B F R SR 9F 45 & H A5 DNA 741, TE )
DNA-dCas9-sgRNA = o & &4 7 A ¥ 2% 8] £z FH FHL
1E RNA R A5 DNA (45 & Kanidk, Mk 24
H & S H o B, A % T CRISPR i %,

CRISPRi M EH R B 1 ke AL 3, RIS
H A 0TI 0] 4% () 4 4 . pdCas9 i kL b £ 45 sgRNA
scaffold 4 f% /3 41, 181 46 A A [F] Spacer [ 41 1] LA
SIS I B A B DR () 5 S A . AR SCHE 2R

pdCas9

PISA O e— Cm®

lﬁpa‘:u:r-l-’

e e

TV FER R 6 2% Spacer [P 41 (R Do
pdCas9 Jii ¥i 7£ Spacer i A7 mi b & A 58 B 1 41 6
PG EE I mRFP [FJRIE G, Y4 Spacer 7 41| i V)4
ANJG, mRFPHHEHNKIE, W& LEREROLEN
TR E B, G R T 4 35 4 50R 3 b S 1 0 ik
HIR [Ee(a)].

53 3t 6 % Spacer J7 51 5 pdCas9 45 14 {4 % 4
H#1T Golden gate E I #5AL E. coli DHS50,, FhHL[F]
SR B B 6 e [ 3 AT TR 7 PCR & IE, &5 SRt
Bl 6 (o) B CBAAS Y JiRE B A 32 T8 i A 2 B 18 ok
M, 3G UE 5] % 4 Spacer-F/R) o #5 A #di A Spacer /7
%I, PCR“#INiN 1642 bp: 754 A Spacer T 51 |

araC

Spacer-F
: i | Spacer-R
Primer-R™
Linearized y
vector 1 PCR _—
| araBAD promoter
sgRNA scaffold p
g 1 1 =
— 1 1 T —
+
Spacer sepuence
. —— g
insert Tl 1 '
—CAAG |I d—crcro

pdCas9-Spacer

PISAON s O

tetA promoter

1 Bsa 1 & T4 ligase

tetR

araC

araBAD promoter

Spacer sequence g sgRNA scaffold

‘ Promoter

-CGOTCTC
- A A G-

a RBS

Bsa | recognition site

— Jecms

I Terminator
EI' Bsa | cutting site

(a) CRISPRI i ik KL 81 5 #4942 Spacer J¥ 1|5 pdCas9 & AL ER AR 1T Golden gate %%

(a) Design of CRISPRi plasmid and its construction via Golden gate of pdCas9 linear vector and spacer sequence
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Spacerl Spacer2 Spacer3

Spacer4

M A B A B A B A

5000 bp

3000 bp
2000 bp
1500 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

Teue’

B

AV VIV PRV VAV VIV VAV LS B4

Spacer5 Spacert pdCas9

M A B A B A B

NC

5000 bp

3000 bp

2000 bp
1500 bp

-
1000 bp S

750 bp o
Sili}Ep ""
250 bp

100 bp

(b) pdCas9-Spacer F N K #F i E. coli DHS5a [f) B ¥ PCR 41l 45 5
(N E pdCas9-Spacer 1~4 [ 5 41 B 1 7% PCRIGIESE B, 4N & pdCas9-Spacer 5~ 6 (1) 55 41 B 1 V& PCR IGUESS T, PHMESE A NN
579 bp; M%7~ DL5000 DNA Marker; A. B 737l R & i AR BB A PAT S B V& . pdCas9 L1 9 R & F pdCas9 75 JFURL ¥ B % PCR 45
R, ARATRIN 1642 bps NCHIRPITEXS R, BITE BRI A2 E. coli DH50)
(b) Results of colony PCR after transformation
(M:DL5000 DNA Marker;Spacer 1~6:Colony PCR results of recombinant strains with pdCas9-Spacer 1~6 plasmids;A, B:Two parallel single

colonies on each screening plate;NC:negative control, that is, E. coli DH5a wild type without any plasmid)

Bl6 CRISPRi TAEBURLfBETF A2 AR
Fig. 6 Design, construction and verification of CRISPRi plasmids

PCR /=¥ R~ 579 bp. & 6 (b) 1] &1, pdCas9-
Spacer 1~63K15 1 579 bp (P14 25 47, Spacer ¥
FHEN By AE R3S 51 W5t BT A 4E 5 kL
sgRNA 3 73 347 W 3 36 AIE -6\ B 1%
222 AAZARTar 7T F 3K IIE S 547

K DA_E 6 NG IR (1) B 4L KL 595 AR AN E.
coli RP437 Wik, M5 g/LEIHLAAHER0.5 pg/mL Y
HERIFES, FIH RT-qgPCR Ml tar £ K 1 A1 X
mRNA /K ¥ . & I & pdCas9-Spacer 6 [1] E. coli
RP437 Bk H CRISPR Ji K 1) 01 il 255 SR e £ A e
CHuls R 7R ), IR b Js 482 5 56 35 5K H 75 pdCas9-
Spacer 6 BRI AT tar 3 K ) VT 5 S RUIK . AR 4
CRISPRi AJ 3 0] R RF A, AT O 038 5 R 2
K #E sgRNA KIK &, LI tar A [F] B8 FE 1) f
i, FF 58 UERT A0 BE 75 5 K FE -sgRNA KA & -Tar
FIERALK IR R

% pdCas9-Spacer 6 [f] E. coli RP437 B H A% FH A
[F) A B2 B AP R R AT 15 3 8 hJim, 40 il K 35 FE A

sgRNA 5 tar FE K 31T RT-qPCR 72 &I IE, 45
B 7 BToR o o tar A0 G 6 536 8 O AR T BT AR Y
RP437 I ¥k (1) A % mRNA 7K F . B 2 B 57 40 B ik
FEZ T E T, sgRNA 5t K i b A il it
4, tar XS EIZRWT N (i d) s 4k
FAAPEIR IR 229 2 /LI, sgRNA Fl tar #55% /K F
BEARIRBVAT,  BEE tar FHX SRR LA R T
RE T HI30%. BT R ADEARE N 1 g/, tarfH
X B S KA 2 AR T 1 60%. R, JE S SE 5
SrAMER 1 gLy 2 gL B Hi s 47 % 5, K1
Tar w6 7K °F 218 40%- 70% K& ¥k, F4r 54
fEAVL AV

AW 5 TAE R CRISPRI $52 AR % K i #T B Tar
A SZARHEAT T PG UK, WUE 1 R R AR B
Sk T -sgRNA ik & -Tar B /KT =F A £ &,
HRG T HAEAR Tar ZEKIEE (100%. 30%
60%) [ E. coli RP437 T £k il W 1 £k -
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103%

"101%
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l 28.9 28.6 \ 100

-]
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h
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gRNA Normalized expression

U.{}Q?“j_‘

—_—
]
wn

7.5 10.0

(‘nncunﬁ:ﬁinn:‘(g.-"l.)
B7 AFEFTHATHE S SR E T sgRNAFEFKFE (EOMLL) 5 tar HATFEFOKE (Bl

Fig. 7 Relative transcriptional levels of gRNA (blue)and zar gene (red)under the induction of different arabinose concentrations

2.3 F A Transwell £ 723258 X0 F0 93t K BB HF
BRI SN @E R

{8 H Transwell 48 B3 A% S 56 06 4H B #a 4k iz 3))
BEAT LI 5540 B 2, o AT EF AR (wt) . Tar
AR 40% (AYD . Tar 2RI 70% (A 1]
B bk (& % )t A GFP [ R I B kD . 7E
Transwell 2% & | % fff /§ 0 mmol/L. 0.5 mmol/L 5
2 mmol/L M| k4T %5 3 . ££ 0.5 mmol/L Fli& M 2H

o, dE IR 4 R ET AE 22 vV MB R i
2 mmol/L M| Wk, Tiii&E B 5 min 5 K 0.5 mmol/L i#
1T T X Transwell iE %% 5250 J5 ROk BR Iig I T &
T FH 30 B % B AR AT LR AR I, IRk AT
BB S5, TEME 2R & H BRI S
REMEE gm0 8 MM Frx. H
Kl 8 (a) 7 1 9% 0 2 ol 455 v 4l B 0 A B3 ) I
100 pmx100 pm ()73 #7 X8, TI7#rRosgid it
A E MM st e, I T gt

wt A A

13151 13605 14825 12878 13960 14950 12477 14011 14964

0.5 mmol/L

+

Adaption 10850 21391 22127 11674 11257 12212 10769 10778 10044
10301 11490 11388 9134 9398 10410 5569 6119 8702

2 mmol/L . . - . . . . . .
10527 11438 11899 8398 8926 9120 4079 4075 4598
() AN [ Tar 15 B JEARBRAE AN [ 5] Wik BE 2% 1 1 19 Transwell J§ 1% 45 51

CHB] W At RV J 43 591 9 0 mmol/Ly 0.5 mmol/L. 0.5 mmol/L+T3&E N« 2 mmol/L, HE4& 4 E 2 A 551 19 100 pmx 100 pm () = AN P47 MLEF ,
RN 2 pme R HBFRRE T TG 5 PSS s B SR BT, P T 4087 5 200 VA A 0 35 )

(a) Transwell imaging results of tar knockdown mutants under different indole concentrations

(Indole concentrations were 0 mmol/L. 0.5 mmol/L. 0.5 mmol/L+adoption and 2 mmol/L. Each group contains three parallel view fields with

dimension of 100 umx100 um. Number below each image means the fluorescence intensity in the view field after statistical processing. Bar is 2 um.)
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Fluorescence intensity

10000
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0.5 mmol/L+Fii& i
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(b) Transwell S48 HH A 5] T R X 1G] WA I P2 (1% A 57 114 5 i 34 4 11
(s {Rp>0.05, TEEER; *Trp<0.05, **FRp<0.01, ***FI/Kp<0.001, LLE=FRRETCEEEER
(b) Quantitative trend of the response of different zar knockdown mutants to indole concentration in Transwell experiments

(‘ns’ indicates p>0.05, with no significant difference; ‘*’ indicates p<0.05, ‘**’ indicates p<0.01, and “***’ indicates p<0.001.

The above three represent significant differences.)
B8 I Transwell 41 B i #% 5256 0 I 5[ WA~ 5 10 8 1 1 45 2R

Fig. 8 Results of Transwell migration experiments

AP X BT, B2 = A PATALE . B8 (o) I Xf
Kl 8 ()it 4T T E BN (ff A ¢ k0 58 40 #7 8 3%
Mo BPOGTREEE, MEEE G, AR
wEA R BT CEpl EmI 12 30 1 IE [m] 4k
PEMRGE ;e 2 TUAR 3R 2 B X 12 0 BB 1] B A A )
EE.

HH P 8 T WL, B & | W FE (1) 38 n, A0 T b BT
A2 K o A BB ¢ ' iR RE R A4 R R AR | R
W R, 2 B BT AR Y X ] b R Oy 7 ]
IR, 3B T B AR B HR Tsr 52 4R 208 A 1R 4
Tar 5 /5 CUE I B A2 AU v Tsr/Tar G5 K 29 9 1.88,
X2 HAELKNWUERN E, b= rh B4R R E R
G PR R R B, 3R BH OO NS 1 48 Bk g
WL T R 0 IE [ m E, HED BT P R
it FEH Tar A Tsr 25 AL TR BE A R SE R 32, 241
Tar SZ AR PR 5 25, MRRIE EmEL. &5

& Tar 224K J5 (A% A1 AY BEfk), BTN Tar &
BB FEAG, A% FTAY o Tsr/Tar b5 32— 2 T+ &
(I3 RZI3.16 F15.66, 2D, DKILAHTE Ak B
S L B AR A g B R B Ak O, H Tar &
R RS, 4R R EA R, AR RS T
Tar FI R BRAR 32E T 40 B0 T- 05| Wk () 67 ) iiaf,  HLAR
J& B Tar 52 4 32328 7K~ (1) B AR T 184 00 o SR 1 A e
IR ARAE TG NS5, A IS AU A R g 0k
W5l Wk IR A Ak, TR B AR ORNE R R, ik —
I B Tar 5244565 K i FF B8 RE RG] W e A8 3 R s 3 R
NREEEN RO X o

2.4 HREMNFESRZT. HSKEIE

Tranwell £5 5 Jg R 1 AN[F] Tar 3215 & 140 B XA
R IR B 3 iy 2, E LA B S B HY Bk 32 B AR S

R2  Transwell 3L 5256 AN B tar 1 tsr AR 5 56K (RT-gPCR Ml 5& )
Table 2 The relative transcriptional level of Tar and Tsr in E. coli used in Transwell experiment tested by RT-qPCR

R Tar # X} 4 5 KF Tsr A 5 56K Tsr/Tar
E. coli RP437 BF A= ! 7.80+£0.10 14.660.03 1.88+0.06
Tar Z AR ALY 4.68+0.08 14.8140.02 3.16+0.05
Tar SZARRUREE A 2.53+0.02 14.31+0.11 5.66+0.03
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PRI, AN REXT 4H R A IR B 37 R ) A AR AE
HEATREIR o DRI AR 18 ST P i 42 2 Lk — 2 %o 4
HEIR itz sh 1R AT T WEE5 40 Hr o

TR 48 2 R O R v R AR R A IR FE B B
st oA, R 25 BAMBUREOR A2/ R R
AU T B AT AT R IR S0 R % . Bl TR AT
HMFIREE AR BERREE) AT AS IR H],  ELN A
AR HEAT Gi vt o3 A B[R s s s S AN 32 3
MORES, ZOTEC) 2 H T A E B R Z T
e & o AWEALL uFlow 7 B BAE NS H
Wb TS R, RSB B AR R S
W, FA 343 NiEE (Butter 1 inlet, Butter
2 inlet, Bacterial inlet) 5 1 /My H#E (Outlet) .
BRILDLAE, WS Gk & FE RGN E .
TR0 B AR SR N 2 A RGN, Inlet 1
A2 P MB 22 i i SR A R, LORIE RE T
RS E S5 — R EERR FE 3

FRHE Jeon 56 B4 XHZ IS ARG B P A 25 B 1 it
HIE, %3¢ B v] DR AL WA e A 2 T
AN HARE /AT IR FERRFE o A T S UE AHIE 5%
B Fm #2258 & 2, 20 A A0 B T 5 A
G 77 A DN G (1) S B AR 285 R 68 AR
W AT AT R .

Chemotaxis agent concentration
Low messss— High

S
=]

=
(=2}

=
'y

Molar ratio

=
[}

-0.5 -0.3 0.1 0.1 0.3 0.5
x/mm

(a) 17 HLEG IR IR BE I 75 4% U5 1) b 43 A7
(a) Simulation results of the distribution of concentration

field in all directions

fff H Ansys CFX i ¥ 1 B & #l 8% 4+ &
Fikentscher & B 20 20 0 0588 Fr P9 0 A 2 Jo R B2
SRATREAT I . LA B EN DO R, Gt ik
Ry J7 AR A R, PR N TRALE x 7 1) B
REFEEM BN, WE 9@ iR, fEFEANN
ey, BTN E SR, R EE R T
Bl B PR Bl s (H B 5 U S PR RS (38 n, 7R IE 4
WG HEN, BeTE B R e IR BERR R, Haa bl
LA, 5 UGS AT .

N T R DI E %S TR S PRSI 4 PF R A
PRI E Y, oy BB 5 8 B ) Butter 1 inlet.
Butter 2 inlet J# & il A\ &t MB 5 H 7% 3% 4L 1 )5 1)
MB ZEi il s I8 IR B 2 Sk i e 2 IR RS
WE, Inlet 1 F12 P MB 22 M I 0 JE A A [H]
PAORAE RE T8 Bfe e 3 — BIIRFERR B 3« FF i AR
SE S5, W T y=5 mm Ab WS IE P 60 A
g . G RWME 9 PR, Won T GRHRR RUL
B8 (&) L& MATLAB % it4: 47 )5 1 H V& 3%
WPERE x T F AT S OL (). B 25 dedzeiln 0 A
7815 0 ST AL IR FE B B4, TE GG BN G Rk
i T AT, H5Bh R4 B g5 A — 2,
A T AHE TR RS @ R A S RS AT
FEAE VR BE S I AT SR L AT S AR

UEERSE I ) o 2
AR DRRE g S

"
(b) LA E %38 1 D9 Gk o i 475 2 Bk B2 42 43 A1 1) SR 56 38 E
(b) Experimental verification of concentration field distribution in

microfluidic device using sunset yellow as a dye

B9 s e B 37 B 07 LI AN S 00 U6 e 45 2R

Fig. 9 Simulation and experimental verification results of concentration field in microfluidic devices



%£6%  www.synbioj.com 1415

2.5 FIRMRERERNS AT E BRSNS
SHIW LR N

R A A 48 58 R I AT B E. coli RPA37 Je
tar FE PR IS B AR AE W WA 3 T B A AT D B IS [
A% 4k 15 B, 7E B U 4% 8 A 1Y Butter 1 inlets
Butter 2 inlet i 1 43 7! 38 A W] WK B 24 1 mmol/L.
0 mmol/L [) MB iz ) 4z i i I i S A5 8 1R B2 )
J& R AT 5 O W I ) 2 B BK E. coli RP437
(pUC19-eGFP)(OD,,=1.0~1.2) H Bacteria Inlet i
BN AR &R o 18N GH B 5 16180 s+ 390 s,
600 s F1780 s T3t A y=5 mm AL BEAT HOE 3L T
£ 0 BB W 52 s ) HH A R A R A . ] 10
Fras, MR RHOE I RE RS Tl s ok
B KM B E. coli RPA37 4B G 45 R (5t — K40
P o 2R A T AR R B DU T i i), A
48 ik MATLAB #2 /7 #E 4T 43 T )5 B 40 1 %5 P 1
B, A0 5 AR B TR 3 T R G| PO IR B ) AT 1
B, B ER TR AR 2% I Ak ot 97 Fr s P R B K . Fh

P10 mT %0, A W0 WU P S TR) S L P, 4 o R A R
AR R A, B ] P R R AR Ak 4 B R
i, W R R L v A A TR B FE AR . 180 s F, 4H
K P A7 [ A P B B S, AT B R IR L R A
P WA, 3 WL IS 40 B Tsr 32 4A 5 32 S AT
B G IS TR AR, ARG A B2 M| Pk Kb () 2% P2 U {1 i T
B, T vy AR JRE Mg POk Ak 2 T B RE IR T IS OK . AH B Oy
A5 N394k o 7E Tsr/Tar 524K R 15 LB AN AR (1) 2%
T, ZILGENE T AR 32 B 05 WS, Tr
A Tar 52 A& )« N7 i 72 00 90 B A AT A B 52
Wil . Tsr 52 AR PRIE FH AL S BUW &7 2 H A
I Ak RO Uk 59 5 1T Tar 5244 BB £ kAR E i
FE, HIEFEA T8, BP Tar /5 0 1E 190 A0 08
TR ERE A DR o A gl W 3 R ) R A, Tar ARG
T Tsr B 2800 5 FE PRI 3G 0, e 248 A0 4 11 0T T g e
{18 70 [ei) 288 T2 T K 5

R T PRI tar B R G X T KA
AT g, R R A S N =R A [
Tar %2 KR IEE N E. coli RP437 Hkk, T 780 sif it

FOLIL B T4 IR S WO R T E PRSI 5 4
L kA o 4 EEESE SHEARE ) EEES
180 s 390 s
y * y >
x 4 x A
600 s 780 s

>
L

v

B0 it iAua R AT 2 B ) 5 A1 i I T8 22 A A 50

A J

[ 2R 7= WO I 3R 48 B T 20 B R A R (58— A ML o ) 2 (o 0 8 A B B8 € UEE T 8T 40 1) A R e v 23 M7 A 4 1 o JEE 17
B, ELA TS 5 H5 R R R W Wk JEE = fIG,  CBR IR AR L A T B2 f ] WAk JEE K ]

Fig. 10 Density distribution over time of Escherichia coli wild-type in microfluidic channel

(The left part of each image represents the bacterial imaging results under confocal microscopy, and the right part represents the bacterial density

after statistical analysis. The color of the background in right part indicates the concentration of indole, and the darker color means the higher in-

dole concentration.)
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Fig. 11 Density distribution of strains with different Tar receptor expression levels in microfluidic channels at the same time

(The left part of each image represents the bacterial imaging results under confocal microscopy, and the right part represents the bacterial density

after statistical analysis. The color of the background in right part indicates the concentration of indole, and the darker color means the higher

indole concentration.)
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