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FH, S8 UM PR DNA (952, RIS IR AR5 . 11T Rep LSRN T ASMAS RAMR S F25,
DRI T L o BB As™ Wk BESIUXT Rep L8R FIAYFIAFER] s Rep L& (1A 500 T H DNA JF51 4 19 52
IR OriL 456 VA4 T AR FURL Y HE DURL 38 o DR H 1 920 As™ Wi 7 A5 -5 AROR (R 8 1R
HLFRROCR SR BRI ST) o il ) 3 A RIZECE AR A5 5 A9 40 M AL AR b A g ek, 2%
2T AR i R SRR A X R RE 52

1 SCIGESY

1.1 {288, #H5iRFH

Arhat 96 B PCR AL (BEAN YR A RRA T ) ; SPARK™ Z I RERFLAUAG AL (Fii+ TECAN 24
F)); Sigma 3K15 &3 3 Z.OHL(FEE Sigma 24 )5 NanoDrop™One/One® f3i £ 78 0] WG/ 661
(EEFEB RHIRBHE A ) ;. PTX-JA210S Z0 87 KF (FRE L FRHEA BRA R ) 5 IS-RSDS fHIR 4% 4+
(£E CRYSTAL A H]); D1008E % [ B0l (K e 24 S {28 e fn A ] ) 5 Micro Pulser HLZEFLAX (38
BIO RAD A #]),

JFok: pMTO12 O F1 pMTO18" ') phy A Sz 86 28 7RG TAE P A, pASQ_mCherry UKL LA pMTO12 S48,
A B i ke (CEL AR e R DL T OO SRR R ) o 40 iPRE DL 3 A4S BORLIE S O ik e R
DHS ol {24 B3z 25 A v, 45 51 3 Fb 40 g A% J845 R Mk DHS o« (pMTO012) . DHSa(pMTO18) I DH5«
(pASQ_mCherry) ' 3 FIE AR T80 CHRAE, FEH

Sall(1080S) Fil Sphl(1246S)Restriction Enzyme(F H AV A (L) A BRAHE]); Dpnl Restraction
Endonuclease (3£ [E New England Biolabs 23 F]); T4 DNA ligase(ELO011) . GeneJET Plasmid MiniPrep Kit
(K0502) . GeneJET PCR Purification Kit(K0702)#1 GeneJET Gel Extration Ki(K0691) (3% FE £ 2R K /R F}
$i2 F); 2 x Phanta Flash Master Mix PCR kit(P510, g 5t MR A W RHEBUN A IRA R ) s As™ BRIl
(rprd, b s bR E R ARG AR 3 KX H B RMAW (100 mg/mL, A1170) ., R KRER
(K1030) . BEE MM OXOID(LP0042K) . ZEAEK (A8190) , MEHEHRLEY) (Y8020) A1 DHS«/EAZ 2541 it
(C1100) (AL B ERHLARAT )3 1xPBS ZZ 0P (G4202-100ML, iR IUFELE R AEYRHARAF) 5
PCR 31# pASQ vet F(5-GCGTCGACATATTTTCCTCCTGGAAAGCTTCATTAC-3") . pASQ vet R(5-ACGCG
CATGCTAACGACTCAGGCTGCTACTG-3") . pASQ mCherry F(5'-GCGTCGACATGGTGAGCAAGGGCGAGG
AGGATAAC-3") 1 pASQ mCherry R(5-ACGCGCATGCTTACTTATACAGCTCGTCCATGCCGCCGGT-3") (#
WA EEA YR BRAF]) . WTCHRR B, S50 K 2B 7K.
1.2 ZWHE
1.2.1 ETFARREFEFEZGRNR

B—80 CHEAFH) DHSa(pMTO12) . DHSa(pMTO18) 1 DHSa(pASQ_mCherry ) AR, 20 HI7E & A
R R BRI, T 37 CHEIRA IR i ARIBUR o RE . 55 2 K, 43 ARG 7P A L kR
3 MR BRI BA TR RN ] S A BRIR R BT E Y 5 ml LB RS SR, 37 CHEIREE IR (250 r/min) 3555
B ME 3 MEAE 600 nm HIEHEEEE (ODgoo ) (A, XI5 73 MRS . #4232 mL B 19 LB 55553k |
EZ-Rich }iFR 3 H MO Ji J5 5 | & ODgpo=0.01, 37 °C 1EIRFEIK (250 r/min) 7537 2~3 h, H R E KA
ODgoo= 0.4, BIK AT AL T BUAPEUE K . BGE B As™ FREREAAIR M IR N 8] _L R B, il As™K
WEEAY R0, 0.1, 0.5, 1.0, 5.0, 10. 30, 50. 80 Fl 100 we/L, 4L 5% 5 h, (i GERELE A HIL T 7~
A N
1.2.2 ETFHAEARERKEHNIR

TEBUIE A b 3ki% pMTO12, pMTO18 Fl pASQ_mCherry (B TERETETE , INA S S A BRIR KRR K1)
LB, EZ-Rich Fl MO WiA AL, 37 “CHHIEREIR (250 v/min) 355550 . % T IR (Lag phase ) 5715 18]
(Stationary phase) A TINIERILES , Z0HE LR ROE SR 1) TRV AE B i 35 72 i B 2 ODigoo=~0.01 1 1,
IR BB T 2 1 As™ R BEREBE I A ™ BRUEREAFIR, 37 CHHIRFEIR (250 v/min) 5558 5 h,  BUBEEAD
IRHEAO R . XPEOUAE TR p L B S 1.2.1 TR .
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1.2.3 ETFARFSEKAMK

T 5ETE pMTO12, pMTO18 Fl pASQ_mCherry A5 V-4 I BRECHATH R | H2 R0 3] & iR R = 1Y
LB Wit 323k e | 37 CCHEJRFL IR (250 t/min) 555553 . 20 WITEHT B LB, EZ-Rich Fll MO WA 1% 35 5L
HIREBEE ODgp=0.01, 4kE285 5% 2~3 h, B ERAT ODgo=0.4. SRJT , IMATERAY As™ bRl EHA
W N 10 pe/L, HEEEFRTR . EIFE A 10 min, 20 min, 40 min, 1h, 2h, 3 h 15 h AHFE &S5
OSBRI A BRI , 144 I 2 i
1.2.4 ZEHRMK

TR S5 T AN B B WA UL 500 wL, LA 13000 r/min 850 1 min, 3 FVEW, AR AR, InA
500 wL PBS &k 7167, 13000 r/min B0 1 min, 3¢ FIEW; RS R PBS 28 by 5 B 40 40H,
AN 2R A ODgp=~0.2~0.8.

B 200 L ARV A S 96 FLAR T, {5 FH AR A 2 AN [R) 4514 40 B8 Y ODgoo FNZEIEHR A, LA
PBS 2P AE X IR . X5 F GFP Fl sfGFP & A 475 nm , Kl 515 nm b A9 658 B (A AE ki 15
o X T mCherry, BUR KA 560 nm, K5 610 nm AL AYHEGoR AR A S . &SRtk T 3 4
AT

2 GRS

2.1 AREEFEEGTAS KM

YT 3 FEE R (DHSa(pMT012) . DH5a(pMTO018) Al DH5a(pASQ_mCherry) ) 7E 3 Fhit5 323 (LB
MO Fil EZ rich) XA As™ (AR . & 1A 7 DHSa(pASQ_mCherry ) BEFEFE 3 Fbis 35 3 v 14 4= 4
22, AHAEAE MO i AR R BE LI T 05 AR PR R SR AL | By MO R BT 2 KR AL A0 A L A R R
185 TEF SR LB A EZ-Rich A0 e I A TR0y AR R EGH R B . B DR R RIS T4
[] () a3

FB~1D WoR T 3 PR GIZEA R 15 FR 3 R R As™ RS DL . 2553600, 3 Fhigikk
FEAN TR A AR PR B0 — s Ve B DX ] Y LA M 1y, (ER AN [R5 R e AR M Rl 22 e K. ST
WEFEMER 3 MRS TR S 45 R ILZE 1, DH5a(pMTO12) HERTE LB Fl EZ-Rich F BYZRPE G Fl 4%
F&, 739 1~80 pg/L Fl 10~100 pg/L, HRAE M9 H LR B B i A %8, A7 30~100 pg/L; DH5a
(pASQ_mCherry) JEF A #AFY; 1 DH5o(pMTO18) T bR H 45 A5 FIf AN Jd] , 78 EZ-Rich H5 375 R
BT . FRSS RO | AL BRI A A MY ] 5 1 R AT 15 i R B P B 4 DA OG . 23
b ARFEIEBRTE LB 8535 5 i Ze kv AR AL e e PR g e vh P A EAS TRl i BE R 1%
AT AR R

3 FPEEARLE MO 15 FRIL P As™ ORGSR R T LB A1 EZ-Rich, #EWT Al fE S T MO J& TR Z 8597 5E
BRI ER A AT DNA & i 45 R TR AT PR IR B (U 1 /L) As™ (IS MELL AR 18
R BOREFE DUBL, e X SRR A% . DH5a(pMTO12)F1 DH5a(pMTO18) Mk 7E LB PR3 B fa
(LI [A] (1~80 wg/L) FIARPR () 14500) . 5 LB AL, DHSa(pMTO12) B FRTE EZ-Rich H L H AHXT
BRI R, DHSa(pASQ_mCherry ) PR (146 I 71 BB 5, AEURSI R AR ARG, 17 DHS o (pMTO18) 11446
DN R S AR AR B T 2 IH] . X segh SR R4S EZ-Rich B5 3R 50040 30 ) 50, G 115 oot
55 AR R AE 3 Fpdik rh B AL 22 R M o X T RBIR i 5 36 F RARFE U LB 5532 5640 L,
Z R ICHLER A LY EZ-Rich 5537 5B AR (7 5 o T 4058 N 0 A BIRAS Z [RIFEAE B AL 22 53, 10 ARG
fAIHLY EZ-Rich 8532 36 BESOIX P 22 5. SR, LB B3R BE i FE IR B G 42 M F 6 s T
S TR P A RS 2 ] AR B AL 22 5, DR L 2 00 S R A D i
2.2 AEAEAREKRES TITAS IR

AR FE R TP ) A K38 7 4 AR Wi (Lag phase) . X183 (Exponential phase) . ¥ (Stationary
phase ) F1ZET-H# (Decline phase )4 1~ (1) RT3 AN BOMTE AN R B AR, LIRSS R,
WAL IR R 2 A PR AN BB TGN 2], R B e 2 AN AR P RE AT B 5 R4
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Fig.1 (A) Growth curves of DH5a (pASQ_mCherry) strain in three media; Fluorescence signal responses of
DHS5a (pMT012) strain (B), DHSa (pMTO18) strain (C), and DH5a (pASQ_mCherry) strain (D) to various
concentrations of As™* during cultivation in different growth media (LB, EZ-Rich and M9)

E NN LU L E SR R S R TN R S 4 VRSt N

Table 1  Linear fitting results of fluorescence response curves for three reporters under different cultivation conditions

[EL7S Ik L GRS TR EREL
Strain Medium Linear range/(pg/L) k Correlation coefficient (R?)
DH5a(pMT012) LB 1~80 14351.10 £ 1232.74 0.964
DH5a(pMT012) EZ-Rcih 10~100 31735.36 + 1061.67 0.996
DHS5a(pMT012) M9 30~100 22899.63 + 1463.09 0.987
DH5a(pMT018) LB 1~80 14860.02 + 413.27 0.996
DHS5a(pMT018) EZ-Rich 5~80 12203.25 + 1044.90 0.971
DHS5a(pMT018) M9 5~100 18126.01 + 1391.14 0.971
DH5a(pASQ_mCherry) LB 0.5~100 1077.95 £ 92.17 0.951
DHS5a(pASQ_mCherry) EZ-Rich 0.5~100 297.40 + 43.66 0.886
DH5a(pASQ_mCherry) M9 5~100 2255.67 + 184.85 0.967

ARG 53 1% 3 Fh AR A AS ] A S B B BT A At BT As™ fmi 1o 1647 BEATRSE (2] 2 T i
SR SRR S2) o 25 RFRW] AL IRRERAE I AN R AE R WY BEX As™ 9 me N7 ] AN I] , O ELISCRh 22 5 4E 3 i
BRPR R B — e (R T RROCR SCRAE R S2) o G, R IR IR S 00 Al o 1 R BB AR IR A e (R
SR, I HS BRI SRR A TOOC R A0 T A B, KA A A BT R B . ATP
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DLR B AR , R AT 53 B A5 33X — B DI A B Y F2 224 552 B R R R o, X BRI AR IO K
U DR SR B AR NS S TR . 7E LB A EZ-Rich {32 5Erh | 3 M RRAY & 1% S 400
X TR A R I SR T A 2R VAR P T R OG5 5 o W LA IR A AR R B, 725 e Tk
[l (10~100 wg/L) N, LB Fll EZ-Rich P15 1A 04 20 B8 M )07 52 505 BH Sl s T XPEIO0 . 4R, 78 M9 1532k
HREMH T 2R FRZEER, MO K FREL -5 10 A i 1 5 6 B0 A — 2 (40 DHSa(pMT012) ) 55 2%
(1 DH5a(pMTO18) #1 DH5at(pASQ_mCherry) ). X A REAZ K MO 8557 P A A KIS E SRl = |
A TR YUHCRAS A0 TE 1R BUR S 57 & 10 AL T OUBCIRAS i 40 B AL o PRIk, X500 5 57 75 3 400 g A4
ARSF QTG PEAR 225N, AR BERR T As™ B4 0 17 ths B 4230

X bt 3 R BRI IR E A R A K B B S A 2t I 5 R A D R BL(R? 1] 2A~2C, LA LT RO
YR AR ST AIAL, 15 4 PR A% JERie 16 L 0 Pl PN 32 ik 98 B0 B £ S i b 17, v MR et s 3R
A S AR SO 118 4 A P 8 e i o A B B 5 R SR A 7 () s 1 2 R A A Ak O LA SR S T et
PR 2 X R IR G AR I T R I e, 1 — AP UE ST IR T4 A B ASIE A A A A 1 T T SR AG:
M SR AL Stk R AL (k) ZFRAF 20 P 1 SR i A L M Bl PN 1) SR AU (] 2D~2F , L WSO S0+
FEER S, FEPIFR B KR, 3 I DR R 0 - 5 1 A0 A RS D SR R B i T E AN A K B B
AIARE , It —2 R T I & 30940 B GE 4 R M RE R B R T .

A B C
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B2 AFEARARERFE T AT (AL D)DHSa(pMTO012) . (B, E)DHS5a(pMTO18) Fil(C. F)DHSa
(pASQ_mCherry) 3 BRI LML A MZADE R AL R (A~C) FIIZR AP k(D~F) R L

Fig.2 Comparison of linear correlation coefficient R? (A—C) and slopes k (D—F) for the three strains of (A, D)
DHS5a(pMTO012), (B, E) DH5a(pMTO018) and (C, F) DHS5a(pASQ_mCherry) under induction conditions in

different growth states

AR5 0 0 20 ] EL AT T e g e e e 7 AR g P R A (R LR P 91 L A Sk XS BB AR i 3 1
YDA AS o DK AT RE PR A ZE IR T S sl X 45 E K R R E A SRR R S H T H AKX
FERFEIR , A48 P (RNA FZARA R /NI SRR (12505 TR IR 40 , A K8 T R, i N
SR RBIPE RG] LURIA T 2 54 KIG LR &L [ T, X 0T 68 S 807 S IR H R s o e4h,
TG E Y RIBW S | 205 2 5 I AR N S35 48 B TAMEE AR ik
R 2R AR B AR AR I
2.3 AEFSHKEETAS™ BN

AWFFEMIR T 3 FhEMRTEA A SR AN 10 pg/L As™ BIIRN 45 4018 3 s, 3 FhE#RTE LB
R S B 1 o S R e 1 R R A GRS h IR IR E 1Y R AR A X AT RE R R T
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K3 RREESFIHE T 3 FhE RS 10 pe/L As™ BB . (A) DHSa(pMT018); (B)DHS«
(pASQ_mCherry); (C) DH5a(pMT012), Herr  %FREZH 7 0 wg/L As™

Fig.3 Fluorescence response of different strains under different induction durations to 10 wg/L As™: (A) DH5a
(pMTO18); (B)DH5a(pASQ_mCherry); (C) DH5a(pMT012). 0 pg/L As® is used as controls

LB ¥R BB SR F | BRI M RO M R R ik . 5INAHL , EZ-Rich Fll M9 #5537 5955
FEXSE5S , IF H G 5B R (5 5 1R AR B A/ 2 7F DHSa(pASQ_mCherry ) TS 2 h J5
WL T POUE S FHERIHE. I4h, DH5a(pASQ_mCherry) 7E EZ-Rich H 4 {5 T-7E LB F1 M9 Hrft
Mo 3 FPRRIRAERT ARG AR IA S 2~3 h 550 T, s 1R A Y R B S 155w Ny, 3 B AR Ik
BAEE R AR 2~3 hy LIRSS RFRE AL IS 0 W B (8] X ZE B0 NS P 175 S B ) I E R gy, 52
BRASIN AR B A SR g R SR R VB R A (35 S
2.4 AEREEEmMEARTEE

ARG I R ICPE BT (AR R RCR . OGS BRI [R5 ) AEAE R R 1 25 5 SO [A] (9 2
JCEPE N G T RS S A AR R RE , B ATIE B W TR S50 . AN T 3 R+
(GFP. sfGFP Fl mCherry) P20 M f& AR AT T X H . 35T 3 R MR I 71 OB IE AR 22 50K, XF
3 FERI IR A A DG 58 B (RIASTR] As™ Ve BE T 45 TR RR B DGR T 5[ As™ ]=0 B BT IEHR I 1) Y EL AR ) i
XS (B 4) o G5 RRWT AR ZEG R 52 BE 22 138K, mCherry (& G5 FEIE I T GFP Al sfGFP,
{2, DH5a(pASQ_mCherry ) Wi i PSR BE 5 H B RN BRIPR 25 80N, Y7E 5 /L B ELAT 5 B il 7y i
N o BEAN,IRAE 3 Pl B R AL AN [R] 9 15 3% 35 v i o oy R AP AE 25 57 (R P 22 S LA AR L 76 LB
DHS5a (pASQ_mCherry) i )i #2 5 B K, EZ-Rich 1 DHSo(pMTO18) ff i Ji7 B8 B i | i M9 H DH5«
(pMTO12)F11 DH5au(pASQ_mCherry ) ¥ I H BRI S WAL o 370 25 57 AT RE SR AGHI 158 25 Bl 40 o A B P
EHRZFEIBENA L. DLESSREM R B AR R M ZOUE A —E BAT BRI E 5 .

W5 R E 3 S5 A, 3 A A4 R R 4 e g B[RS [R], 7E T AR DHS o (pMTO18) il
DH5a(pMT012) 77, As**3%5-5 20~40 min i, LB Fl EZ-Rich F5 35 pMTO18 T A% C 28 JF- A H B | i
1E LB HAE KA DHSa(pASQ_mCherry ) 75 2 60~120 min B 74 H BB (4 ma 17 , 3X AT €5 GFP A mCherry
) 5 s B i TP AR AR R 2E A 0 5 GFP ML, mCherry F R GRS B 221 S3c i i i
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Fig4 Comparison of As™ responses among three different reporter strains in (A) LB, (B) EZ-Rich and (C) M9

growth media
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Cell-based Arsenic Ion Microbial Sensors
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Abstract During the development of whole-cell microbial sensors, factors such as cellular metabolic activity and
signal output modes play pivotal roles in the stability and repeatability of the sensors, presenting numerous
challenges for the standardization of sensor applications. This research focused on the arsenic ion sensor based on
the RepL amplifier, adjusting the reporter genes, culture media, growth stages, and induction times of arsenic ions,
aiming to investigate how these factors affect the sensor’s detection performance. The results indicated that the cell’s
culturing environment, growth status (e.g., different growth phases), type of reporter, and induction time all had
significant impacts on the performance of the arsenic ion sensor. First, the stability of the sensors varied greatly in
different media, all the three sensors displayed greater stability in LB culture medium. Meanwhile, the cells in
different growth stages also exhibited different performance advantages. Cells at the stationary growth phase
exhibited better detection sensitivity and linearity, while cells in the logarithmic growth phase had lower limit of
detection (LOD) . Moreover, there was an optimal induction time for the response of the sensor, overly long or short
induction time could interfere with its response. The optimal induction time for the arsenic sensor in this work was
about 2-3 h. By comparing three types of fluorescent protein reporters, it was found that although their detection limits
were fairly similar, all within the range of 5-10 pg/L, but their response times varied, ranging from 40 min to 2 h. The
fluorescent proteins with higher brightness exhibited faster sensor response. These research outcomes provided a
solid foundation for the practical application of microbes in detection. In practice, we could choose cells in specific
states based on particular purpose, maximizing the performance of the cell sensors and further broadening the
application scope of such sensors.

Keywords Arsenic ion microbial biosensor; Culture medium; Growth phases of bacteria; Fluorescent proteins
reporter; Response time
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