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Abstract: Environmental pollution is becoming increasingly complex, driven by the coexistence of conventional
pollutants and emerging contaminants, posing significant risks to ecosystems and human health. Accurate, real-time,
and in situ detection of these pollutants is essential for effective environmental governance and early risk warning.
Traditional analytical techniques, represented by high-performance liquid chromatography and mass spectrometry,

deliver high sensitivity and accuracy but are inherently limited by exorbitant instrumentation costs, labor-intensive and
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time-consuming sample pretreatment protocols, dependence on highly skilled personnel, and inability to perform
continuous in-field monitoring, making them unsuitable for large-scale environmental surveillance. Conventional
biosensors are portable but often suffer from limited specificity, poor resistance to matrix interference, narrow detection
ranges, and low sensitivity, which restrict their performance in complex environmental settings. Synthetic biology
provides a transformative framework for biosensor design, enabling engineered, modular, and programmable systems
that go beyond naturally occurring sensing mechanisms. Specifically, rationally engineered recognition elements (e.g.,
transcription factors, aptamers, riboswitches, and receptor proteins) exhibit ultra-high target specificity and minimal
cross-reactivity, significantly mitigating non-specific binding and matrix interference effects. Diverse tunable signal
amplification strategies, including transcriptional cascades, protease cascades, and CRISPR-Cas-based isothermal
amplification, have enhanced detection sensitivity by 3 - 6 orders of magnitude, achieving pM to fM level detection
limits for trace contaminants and extending dynamic detection ranges to cover environmentally relevant concentration
gradients. Standardized modular component design enables rapid assembly and reconfiguration of biosensors for
diverse targets, while genetic logic circuits (AND, OR, NOT gates) enable simultaneous quantitative detection and
logical discrimination of multiple pollutants, breaking through the single-analyte limitation of conventional systems.

The integration of synthetic biosensors with artificial intelligence (AI) and Internet of Things (IoT) technologies
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enables intelligent sensing platforms for automated signal acquisition, real-time data analysis, and remote early
warning, supporting continuous environmental monitoring. This review summarizes the three-module architecture of
synthetic biosensors, including target sensing, signal transduction, and signal output, along with their key functional
components. Three major system formats are also discussed: whole-cell, cell-free, and synthetic gene circuit - based
biosensors. Recent advances and representative applications in the detection of heavy metals, organic pollutants,
antibiotics, endocrine-disrupting chemicals, and microplastics are comprehensively summarized. Emerging trends,
including multi-analyte detection enabled by genetic logic circuits and the integration of biosensors with artificial
intelligence and the Internet of Things for intelligent sensing, are highlighted. Key challenges—such as matrix
interference in complex samples, insufficient standardization of biological components, biosafety concerns, and
limitations in stability and cost—are critically discussed. Finally, future perspectives are proposed, focusing on
component engineering, system integration, intelligent detection, application-oriented design, and enhanced safety
control, aiming to facilitate the practical deployment of synthetic biosensors in environmental monitoring and early

warning systems.
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Fig. 1 Core components of synthetic biosensors: (a) Sensing module, (b) Signal transduction module, (c¢) Signal output module.

AR L, A A A TR DL PR SR R A
NG BRI, W TR Bt SEBLAE 5 R
S 2 BRI DI RERR &, T 2 v L AT G AR A
R SE S HOREE ST SR RRBE T KRR
PR R GE R Dh REBR ], A A= W % IR 8% Bl A
T H R R B 55 AL B RE ) i TR A R
gt, IR I 2 W b AR W ) 3 T R 4% )
ST R LM RN . BREEAR R AL, A
REREY NN kPN SN R L RPN D
LAGRAXWAZH, RS9 E AL S
B R 0 RS TT %, R R AT TR AL SR
AR BERF Ao

2.2 AREMERSEROER

22,1 A HAEOF

W5 2 T R B A A S S LR
PR %0 e, AR B R 1 IR F AR
RSP TNl ECAERERIE PN S/ R (R ICD)
i, R EEQFRERARE (BxH
T EERIRAAE ) SRIRE GERGS
BHETF o 50D 0 R A ROC R R A
BHEAL AT T SE B S B, B A i B PRGE 5 15 5
JBOK BE 05 B R R BR o A MR 7 IR 3 5

St EHE, BASEA RSB S . B
FHHEA L. SELEX ik & RNA & A 1K
Ji&, ZFE IO IE T S AR e S B A S T
RN () 2 B AR R S T IR
2211 g

# 3 [K ¥ (Transcription Factors, TFs) #&
R ke —, Hodid s B AR 14
G al KRG, TS TS 3013 PRI I
RS BRI RAL, SEIUE 5 1 ST IOR B
BT TFs W AEYME G O 2 N H T EH 488 AL
HRREN, RMAETESHHSERNELE
BfG, T aEam s . fln, MerR. ZntR.
PbrR %5 U RAREE AT A iR R . B, R B
L& EE T, H KSR TFs M A7 76 55 7 A
JE T R[] R R R . B E s AR E Ik
s (a0 ZntR RAZ AL Cd2HR 7] B2 ) BUR 3)
T, Bets gL RIE . REUESE&MEX
] el fHE, R SOE SR R — 5T,
HAWEE S 2w R B s 5 5B &R
CUTR . pH. A7) BT B—Hm, &
S E TN ool A P N ol == B 2 1| v G SR
V55 T AR SR RE R e, =
FERAABAFEEAN L, SEINE RGE KRR E H®
55 3R FUE R A ik — 23Tt o 2



006 GRENE 75

22,12 BRRIEFAA

A% T 38 e A4 2 — 2538 3 SELEX i i 35 15 1) 5
% DNA B{RNA 731, AlE IR E =4k 451 5 5845
FRRIGE G B HARBIE T T gmig iR 5181
NMEEARTOEE T, JLHEH TN T 505 Y
R o LIS AR A A SRR R AT PR . R
FasE AN B ) B, GRSk, B N TR %
ih. ik AR T & 5 CRISPR R G AR A, i&lT
PARTEREAS BB R T B (551 U S T
1 O I AR R B B i, Shi S5 A
T P A T E B AR R ) 9T AR A LAMP 5 CRISPR/
Cas12a [ RIKAS 5 ¥ ik R, Sl 22k B i
R . Z AR R I R AR S S AR R
b fil R A A 1G I B, AR A PAM A A TR XUBE
DNA, Ml #iE Cas12a Jz 2 U1 #1376 14 I 90 Bk
WHAT T, SCIL R BEIR G ) R RE e R
I, SEEAALE B AT A 5 2 R A S ARy
S VR B 2, [ BT a2 R S AR M a4 R
i LA AL R A
22.1.3 FZHEFFR

KR TT A7 T mRNA JEB 1% XA I =X 3 4
RNA Joftf, HEALGEREREFEMK, nld
A SRR IR R R, oA SRR
P AR v . RO L 4> T RS
AN, HEANG TR EE R T SR
15 gL AR R W e B & R N . il
Wang % I K 1) Co*/Ni>* i N 4% § T 5 7] 4 57t 45 &
fIA Co** /N R A R AN, FHIEESH N
BT EMIE G 8 mCherry 25 [F1453 DL 56 5%
RO R NED, KAESHRES
ML) Co? /N ¥R FE IEAH ¢, AT SEBLGT Co? Ni2*
WM R mEEEE RN . KRR
FFRAFTERL M RGBS M fe e RS R R
W BB S Ak, MR B R
I, HEWE LM RIEERESH TEHER
Rl . (HAES R ZAMT, HEWRENE SR
AL BT R I R — P i .
22.1.4 PFREZAREC

BT I B2 AR B %) TR ) SR A4 S I - S ) f
B2 R -B AR 45 5 5 A S84k, IRt stk
G A AR LIS S . 2RI AR

WU SR R e PR B R R AR S AR A Y, T
ZHTBHE., ABERA RESBERN. i,
BT R 2R I 1) LAY S A TR AT S I K A o By 2R
5 G 0 R A AS I T E S e A TR AR E M
Y% pH 5B FEREm . SV Bt T aE A IR
SRR i BN [ Dei i A AN 7S S 7
K fE FIERARAL T KA IE RS
BCAE ) 5 7 VA AT B SR U R . AT A
MopR & 7€ [a] 34 5 A0 2R 1 1) ey e FE PR R
BRI 7, Lzaod 2538 i cotA SRR KL LA S
LS W) T AL S A A IR, S AR ) PR
HEmfaatt T thah, MR E oG . 2
1 S A R I E Ak S5 SR 1 — 2 4 I A AR o A B
5K T A7 M 0 e FH e
222 fEHHFHAET X

o3 5 A H AR N & U AR R AR
RUORLAS, F IAE T IR 2 i B 115 5 e iy
RS R M E . mE 1M AR, BHEfk T
FEEHSGESRMTENHR T ERETRIAGS
HRTORMFENZ B I Re B a0 R A % s Lk
SN B B ICBOR . CRISPR-Cas £ R 25521
XA = FE FE bR R R BRI o[RBT ON R DR [ 2
B REHEEE ™, BEANUEG R MAGES
T AND. OR. NOT. NAND %% #5 | ]k 17 %
&, R B —mES, LR AR 2R
B 5 AT LR G AW, IR BURS HEm . AT A4
RT3 5k W& AR A% RS 5 R 5 A0
(RH R T, AT & T R B R A
2221 HEHxRFPEEESHOR

e R R I HR B 2 A R A B S AR LT
FE 5L R R IE B B OIS 5 o 45 35S
Wl &G, WRKIREBOE R EE R, i
MR % IS 3 il G S IR A KB N
&35 I TBOR P U AR 5T ) £ 55 T NahR/Psal
5 XyIS2/Pm B R G, LN FFER(E S0
HaRA . AHOCHE LI — P R T UL R SR
KAEZE, W2 2R TREL, SLUESER
K S SR U, plhn, A3 T MerR
PR R B R BRBORBEE . FEYIRm R F, 7R
B B MerR X Ja 2 B 40 ) 9 3k 2 4 15 5k R &
ks SINEFRB)E, HESHEDEIE 2 g



%£7% www.synbioj.com 007

KT, LIESZEEBR, ARERA RS
or I R BORE AR R NYE . 2R R R RN S
BT LS EE AR, ERICHE StR
{17 [F) B 26 8 A v it P T B SR R R A
WHMER W, SRS AR, =M
15 Gy R AR AR 38 JROR T % .
2222 HEHAMYEESE SR

2R R I TR DI SO 5 R
VIE RN, SEIEREE SR, SRYIESE
ORI E AR, MEZEREE N EEE,
e 248 ik U1 5 6 R ) B 45 B 1 RE AT A IS
S mTEWRERSMEdRE, 2R REE
Wi 2 B g, TP A I g 5. Blan, T7
RNA 55 Bl -2 B LR AA 2 ] S22 Mpop s I Ak
Yoy FREI Y. BN DNA B 42 40 K 44 [ 5
filg S, ARG A SRTFRIRCR, CfA O
P LT P i 5 0 5 g0 K ) T A 24 B B R
(ARIE " ZITEBOR R & RS IRGE, (HR
REGF B MER Ltk RYERE, AR S 4M1L
AR S M e 1 R R
2.2.23 CRISPRAFHIE SH T 5K

CRISPR/Cas Z Gt B &A% AW e BeHLh],  F
A ] g R S R R e T, T2
TA AV FIEEE. w5y 8 H RS
G, AR THE SR I R I R AR
Bl B, AR AR RIS Cas B A S
5] & FHAEFS 7 M ssDNA/ssRNA T 35 14, M i 4
R B Rk o T, SEBUE SR M. A
FOHG 1 S K 55 CRISPR-Cas12a 25 &, BT IR
B AT A B erRNA, UG Cas12a VI E1E 1,
SN BT AR F /N R T 5 A I TR AR
kN1 5 Casl2a R4 &, SCHLLAMKME T
PG 5 Rk W, I 5 % 48 A W R T
(allosteric Transcription Factor, aTF) & & JE i X}
bt ™. CRISPR 4¢3 ik A5 e Al 1R 531 5 D) FI ML 1)
EAE TR D M, (A AR AR R AR AR IS I R Ak R
o M7 AT A b s i) 7
2224 R 5EETE

FEA A % (Genetic Circuits) & HH 4% 3¢ [ 1 .
JEENF N M R e A RS oA R R, I A
P 7 RIS B, S 2 RN 5 AR A

B —l ™, FEEBRAEMERE T, BE
HEAISEULAND. ORZ54R AW, i RGRe X 7
B 5 E a3y, TR &5 E 5 A ) 6
J3o H A 0] %l W ELHE S S OB . T SRR
JOB R TBIEEAN R A B 0 o, KRG
MerR 53U 73 i3 KRG R Z B W, SCHLX 2 Fi
SRS T ZE AR SR, Oy BRI TG G
Yl 2 H bk B2 it 7 T AT SRm
2225 GRICIZE3HE

G RS A AR H TR Bk i B A BV A S R AL
NFETE AL LS, AT S B0 PR 85 A5 5 1) K 0 R
fFHIBER . RIS IEE RS IR B R E
# ™. DNAIZ o P S0 85 1 AU AT il 3
G, EEE R BRERTT RS RENES
HAERGE ST, EH T RSN . G5
AR E AR RS, WA SR S 2 S
DNACRAESHI AT LR, H4ia@EamLils
NG B Sl Y. [, 55—
AT G P A2 4 5 s R 1~ SE BTG Ge i fid %
FIXTFR, FF45H RNA IR SEUUE 5 B s
REWL, ZRRGEFEERES T RIETH
T — € IR, 1B ot dcE 53R A e o
FELARHE R
223 ZFHEGFX

1ESE UG 5 R 51 T )5, 15 5 5 Bk A
RE AR W R A D AT OUL I ) B A e AE T
Je Ry T R S S B A U 25 SR OB A Y,
P BE T 36 5 i A% RO 1 R R L W SodE
oo WK 1), WA HITEAAR, FEEA K
O, R, AR ORI Rk R,
DA A2 DA ER T TS 25 A5 5 70 A B AN TR 75 3K
2231 FOLH LR

FEOUR B DL 2R PO IREE (BESR G
% J6 & F (Green Fluorescent Protein, GFP) J% I
TAETOLHRET . RO RERE . &7 AR
&) AU RIH TR, 8 I N R E B R AL
FEAETAAE T, ST H AR 4 B S e ke
R SR 7 B U o IR S SN o el =
(Enhanced Green Fluorescent Protein, EGFP) %5
HGI NGB A AR, TR B T N YA SRR
SEPL 6T He? B4 180 2. b 4h,  Valenzuela-

bl



008 GRENE 75

Garcia 55 FI| I i 55 28 {0 KT 1 (Bacillus subtilis, B.
subtilis) & M) 4 40 B. subtilis ") % A%
A SIS e (1) 58 6 T AR I T 1Ak R AR AE
7R AL R P S N TR SN g S T R R R
gfpmut3a ) & 15, FEH TS WAL W R, B
subtilis " W) A% J& A8 AR IRl 1 2 KB RO6E 5 .
Choi %5 W F| A 44 2% i 5 My (Pseudomonas
aeruginosa, P. aeruginosa) &% 1] GFP 2= 4 1% &
A5 TR B S 7K R Ak B R A5 URL IS e P A RS
e O A AR B R AT o S
SRF, EH TSR STl . BES
FIMEET, HAS S 5 %E FRGAE TR,
AT S G 0 o Ay A e
2232 LAY AR

5 kAL, b T B e i B
BASLHUE T, BAE SRS &
RYE. HAZ 57 A2 d w2 T R 38 1 &5 5 1 Rk 3k
Pk (LSPR) 3%l B M Ak s b S L), Jd ok i 2
YRR TR Bl A 27 B 3 R S B R AR A, T
2R R S G 4 MU R R S ILE SR
Ho 1 LacZ 5 [F] 9 5 1) B->F- 7L 0% 1 1 /2 o 5 F IR ik
HFEAEZ —. W McSweeney 25 N JF & T TLISA #
AT A M E AR &, @il 2 T7 RNA K
Gl 5 0 5 AR R S SR A S M IR S, MR
EARLERS, XUSR A 45 M d8 45 & SR bR i 7y R & 1
ST B By 2H 2 g 1tk 4 e, R T S B T7 E B TR
HlH LacZ (B-F-FLHE B G EFFRE. Hib
A MBI DL LacZ AL L, B J0 R B (IR
) CPRG /K fift SR AL B = ) &I 41, 7E 580 nm
Abre A B E WO EAR AL, SEILPIIR AT, kA&
s St e L EVEERE R . AR, &
F T PR EERE i 1) PROE 0 A 5 2 e B . AR,
FOARTIN R W 5 e R B AR T O S Ak
AL REREE, B OB RARE I N TEE SR
D7, AR Tk T G R R Y B A AR I
i Z, BTG RRANE 2 R NS
SLHUE S WA RO . Bt WufE Bt i) a4
EE 4% 13 25 F) F MerB 5 MerR 1 25 ) 9% 1K S 2,
SEHL R R el AR I . FESR = He B, R AR
MerR 5 Pmer 45 & IF 40 TR e s . B8R T
MeHg I, MerB {1t MeHg Y &4 Hg™, M1 45

A MerR H HEG A R SR B0E 7, #0E Pmer,
)y idgS-sfp I 53¢ . IE 1) Stp B B 9t £ Bt 4% 7%
i 1% apo-I1dgS A hololdgS, i 4k i Fh L-25 & Bk %
TG, EROKEEE OO, 1t
Ab, B WEF G AHLES 2 ) 5 it B AR A AT iR
HT, I P2 H RGB RFAE $ A8 I £ 25 W0 14 5 %530
AbFERE S 1
2233 HALE R

FL A0 25 i S Bl S A R A R A
HAE S, SCILXT B AR m RO, wl ik — 2
REE S EREAEN MY, %A S H AT N
P RIS LS MBI EFE S, &) M
TR LA A s Je s . M RETE
IRKFERE RO T AR A ot 5 HE S SR
MR AE MR, oy TR RS ERAR
Wkt BESERIE T G ZZMERE
e Co e R SR N A AR S, A
T A RV P AT B AL A M Y A A AR R R R
S AR S B LT AR I A SR A, AT P R
FORE A
2234 RO R

HRAKMAR, EW R BRI R =
M- AR &R, B AR f BRI 45 G R AL 5
BB OLES, THRINEERE. ART
PR, RS SR, &M THES Rk
A . i, Nazir 25 5% F 9% GO #4) A% 8K
&R, BARTEIL B3 R % R (Reduced
Flavin Mononucleotide , FMNH,) . AS/EH T H
RIESE; B, M. HENEE YT
T B B OR A M P A T e o) R R
Jt, ARSI E A T 1R AR A
RS T Lux AT E 72 mI8. okl
2R HEDES RN T OuE . B E R4 BRET
A BRI P EE  ALSE B R A s 25 7 U
e 14, 40 Chen /& B A\ T8 it ¥ it 5 3] neoLux
RIVH B R, AR SR A B fe e e
AR R T AR R R, R KA
R TCAF BRI

R ERTIR, B AR AR AR R ) e A
55 %5 5/ DL s B B e [F) ik, Sl
T Gy R B TR A S R e . 25 Th R



%74 www.synbioj.com

009

BRI Fr i 5, R IR B 5 G
R ZYEFERMGR L T OB .
224 LR AEMERENZAT X

EFERA . R E5mMHEREEE, R4
JETH ALY Rk — B e RSN TS
PEREL AL . WM @B AR ST ILEmAR, &
FCAE AR A ARG A AR M . TC A M A R
RlEl g =K &R g MR T2, JogH X mk
ST AR AR, A A DR [ B 2 AR O — Bl D RE ik
TR EC D RE R, FB S RSB EIZH . IER
4 R DR e AR TR R & D Re T I R BLAE, W]
A T A Rk A R L IE TR RS
WHEHESE, =R H b, W] i) 2 2
ZRMABREN TR (E2).

2241 AAEYLEEZ (Whole-cell biosensors,
WCBs)

A O H AR ) AR IERES DL T RE AT AR ) O Ak,
R R e SRS B S R, L
X5 G R S5 Ok St MY R R A
WEIE KM H  (Escherichia coli, E. coli)~ ¥

fischerid) 5. BEAR RN (Quorum Sensing,

EXRMBRAE

LEHINFE  (Bacillus subtilis, B. subtilis)« 5. H
(Pseudomonas) N K YW (Aliivibrio fischeri, A.
QS)
VB 240 B TA) A 273 iR L, msd o 2 Wb IR B
Y (W AHL. AT-2)  SEI b B 25 B A0t 14 B
[ SR R IA, =& gh M AR WAL AR SE I = B 5
JBOK S R FHR I R B S BT R ) i R AR
PR TTH MY 2K R T A0 M P IR T 2 A
wWiEM g, H&BBREHE 2 0E 5 KR

EHTE RS EA SN Flh, luxl/
luxR RG R EZRAMREMLNK QS REg, X£&—
Pl LB IR R B AL, R T U 4R Y 2 2k [
B, HAED, 2T MerR. ZntR. PbrR. CadR.
CueR. CupR HI GolS #4) & 1] 4= 48 ffd 4= 1) 7% Sk 5 ]
A Hg” . Zn*. Pb*. Cd*. CV'SHEEREE T,
i 3d MopR. XyIR. NahR & % 5% [K] -1 7] K 53 % 17
WA EMm G FRE. R, 25 RELLR
FEAMEA LG e . [FI, 58 & B AR RN 7o
A 40 5 R B TR IR %, B Y5 G W15 5 B R o
W TrE, BB BRYWE RAERERE, B

(a) 2mmEnienas Bz Py REEE Bit:
(Whole-cell biosensors) (esE/R) (MEREDF) (408038 @00 0 FRm/mEsT
- BRI
RATOSROMENT L — — &) ;m:
'I D
//”"'"\_ = TS "\\\\ ) AmsE
\L’f_’ éfff o0 HEEAFH
‘u ( ';:m* 1 .. - I\] —  mpsARHE
| 1 >
IaERENHRE A k /y e J s
(ABHE. BEFRFRE) e e ER Tl
(b) E@mEmEBSE oNARE e iy mix:
(Cell-free biosensors) (SR ERTE) (33 Gl L EE 520 Aee =ammsas
T'_-' ] @ b %) DNARE
|
|'°i S C%}» 1% AR (BRMEERTH)
1] a% @ RERR (RA/MELETH)
\/ TERXAR (KSAR) @ -
\ ] & HAHR (FE)
ERRRBFER (TXTLIVIT) S :;'w& % K‘ﬁ"‘ —»  EREEAM
raneyh DNABE# (CHA/EXPAR) CRISPR/Cas ik
(c) AABEERENESES ZRORR (ERE) RERSR LE3
(Synthetic gene circuit biosensors) (ST
Mo piogass o F ® 00 sReMeAT
(R Gl Ll m b i —— mEEAMEEs
. ® » Po BB
P oo (f2PbrR) s nEEE | *
— — m — [‘“F"’J —» FRHRAS
cd* g —p| CARMRR —» —
4 (#Cadc) s L RE/MB/ eeeor EMARES (TR
PCBS/PAHS . | PCBS/PAHSRBITH | s ¥O0 RETRS
i [ o | | nom) * AEEERARYE
° s
2 EMBRER (Ti)
b4 BHESEARATRNAHETRNEAR

(EEMBEXES / hEROHER)

B2 &R KRG b AR

Fig.2 System formats and working principles of synthetic biosensors
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Table 2 Comparison between whole-cell biosensors and cell-free biosensors

S AN A A IS ToAN A A IS %
(Whole-Cell Biosensors) (Cell-Free Biosensors) Sk
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Fig. 3 Synthetic biosensors for the detection of mercury and lead ions: (a) a Hg?* whole-cell colorimetric sensor based on the

melanin synthesis pathway™"; (b) a Hg>* whole-cell bioelectronic sensor based on T7 RNA polymerase (T7 RNAP)-mediated signal

amplification"””; (c) a highly sensitive Pb** sensor based on a cell-free directed evolution platform”,
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Fig. 4 Synthetic biosensors for the detection of arsenic and cadmium ions: (a) an As’* whole-cell sensor based on an optimized Ars

[130].

promoter*”; (b) an As’* fluorescent sensor based on Bacillus megaterium

%) (¢) an As’" spore-based sensing platform integrated

with a CMOS chip™; (d) a Cd™ fluorescent sensor with visual readout"*".
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Fig. 5 Synthetic biosensors for the detection of organic pollutants: (a) a whole-cell phenol biosensor based on the MopR-Luc
system"*”; (b) tandem dual DmpR modules for enhanced phenol detection sensitivity*”; (c) parallel dual GFP reporter modules for
improved phenol signal output!*”; (d) design principle of a whole-cell fluorescent biosensor for glyphosate detection*’; ()
concentration - response curve of the whole-cell fluorescent biosensor for glyphosate*; (f) a 3-chlorobenzoic acid sensor based on
engineered XyIS"*"; (g) a smartphone-based portable detection platform for PCBs"*”; (h) comparison of detection performance

(limit of detection and sensitivity) among different PCB congeners"*".
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Fig. 6 Synthetic biosensors for antibiotic detection: (a) design principle of a ratiometric dual-fluorescence whole-cell tetracycline

biosensor™"; (b) paper-based test strips for on-site visual detection of tetracycline™"; (c) a cell-free fluorescence biosensor for S

-lactam antibiotics based on DNA conformational switching
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Fig. 7 Synthetic biosensors for the detection of endocrine disruptors and microplastics: (a) signal regulation mechanism and
optimization strategy of a yeast-based estrogen receptor-responsive biosensor NAR5"®; (b) response performance of NARS toward
E2"“% (c) Schematic representation of the working principle of the 3 x ERE-GAL4 - 5 x UAS-mScarlet3 reporter system*'.; (d)
design principle of a cell-based microplastic sensor using the surface-contact-responsive promoter cdrA"""; (e) response time profile

[1o1].

for microplastic detection”’; (f) relationship between microplastic concentration and fluorescence signal intensity""";(g)Schematic

illustration for CRISPR-MP system for MP detection"®”.
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Fig. 8 Synthetic biosensors for simultaneous detection of multiple pollutants: (a) a cascade molecular logic computing platform

based on exonuclease III (Exo IT) and DNAzyme"®; (b) a dual-input Pb>*/Cd>** molecular logic gate fluorescence biosensor!””; (c)

validation of the signal response mechanism of Pb*" and Cd** responsive fluorescent probes
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Table 3 Application of Synthetic Biosensors in Environmental Pollution Detection

V5 M35) W B AR BIRENEREHRE yoR L[S M BE IR
BERE K (Hg?") A4 A ) A A 1.2nM F R K K i 7K [126]
K (Hg?) AR AR H A R 25nM K [127]
#(Pb?") Ll €070 4 200 it A ) A% TR 2% 10 ppb WK [128]
#(Pb2H) TCAH AR ) A% I % 50 nM TRAK [129]
T (As™) A A A 10 nM TRAK [130]
il (As™) eI A G AR P A% ik AR 0.77 ppb K 3 [133]
B (Cd2) eI AN AR P A ik A 0.45 pg/L IRES KRR L [135]
ANEES ESU} AU AR A R 1 ppb TR [137]
FH DG A 2 ML A A R 0.5 uM IKFE 45 [144]
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