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developing a facile and efficacious detection technique for aromatic compounds is essential. As
our comprehension of aromatic compound characteristics deepens, microbial cell-based
biosensors have emerged as increasingly popular tools in the detection of aromatic compounds.
This article introduces the operational principles of microbial whole-cell biosensors and
elucidates the construction techniques and applications of electroactive biofilm-based microbial
whole-cell sensors, transcription factor-based microbial whole-cell sensors, and degradation
gene promoter-dependent microbial whole-cell sensors in the detection of aromatic compounds.
In addition, we review the methodologies for improving the performance of microbial
whole-cell sensors based on surface display, logic gate construction, genetic circuit modification,
and quorum sensing signal amplification.

Keywords: aromatic compounds; microbial whole-cell biosensors; transcription factors;

detection; optimization strategy
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Table 1 Microbial whole-cell biosensors classified by transcription factor

Family Analytes Transcription Regulation Sensor construction Detection limit References
factors

NtrC ~ BTEX?® benzaldehyde, XyIR Active XyIR-P,-luxCDABE 1 umol/L [11]
p-chlorobenzaldehyde
phenol, methyl-phenol DmpR Active DmpR-Pgrmp-luXCDABE 0.5 pmol/L [12]
p-nitrophenol DmpR-Pgmp-rfp 0-200 pmol/L  [13]
Organic phosphate esters DmpR-Pgmp-rfp 10 umol/L [14]
containing p-nitrophenol
BTEX TbuT Active TbuT-Pyypar-9fp 0.022 umol/L  [15]
BTEX TbmR Active TbmR-Pympa-lacz / [15]
2-hydroxybiphenyl HbpR Active HbpR-Ppppc-luXCDABE 0.2 mmol/L [16]
Phenol MopR Active MopR-Ppep-lacz 0.46 pmol/L [17-18]
Monoaromatic and diaromatic ~ TodS-TodT  Active TodST-Pyogx-gfp 0.04 mg/L [19]
chemicals (todST)

AraC  BTEX, phenol XylS Active XylSPEKLS_p _mcherry 1 pmol/L [20]
p-phthalic acid, phthalic acid Active XylSK38RL224Qp sfgfp 10 pmol/L [21]

Xyl WHCL24Q p _ofafn

Aromatic amines FeaR Active FeaR-Pyna-rfp 10 pmol/L [22]
Cumene IpbR Active IpbR-P;p,-luXCDABE 0.1 pmol/L [23]
4-hydroxyphenylacetate HpaA Active HpaA-Pppace-lacZ 1 mmol/L [24]
Benzoate BenR Active BenR-Ppena-lacz 101 mmol/L [25]
2-chlorobenzoate, benzoate CbdS Active / / [26]
2,4-dichlorophenoxyacetic acid CadR Active / / [27]

LysR  Salicylaldehyde, salicylic acid NahR Active NahF-NahR-Pg,-sfgfp 10 pmol/L [28]
Phenanthrene, naphthalene PahR Active PahR-Ppana-0fp 4 ng/L [29]
Phenanthrene Active PahR-Ppp,slUXCDABE 24 mg/L [30]
Chlorocatechol CbnR Active CbnR-Ppnascp-lacz 5 mmol/L [31]

TfdR Active / / [32]

Catechol CatR Active /
Benzoic acid BenM Active /
cis,cismuconic acid CatM Active /

TetR Resorcinol RolR Repress RoIR-P,o-gfp 0.5 mmol/L [33]
Toluene, p-cymene, p-cumate ~ CymR Active CymR-P -gfp 1g/L [34]

MarR  Protocatechuic acid PacV Repress PacV-Py,-egfp 369 pmol/L [35]

IcIR Ethyl 4-hydroxymandelate PobR Active PobR-Pyopa-gfp-Cm’ 0.05 g/L [36]
Lignin PobR Active PobR-Ppopa-lacz 2 mmol/L [36]

GntR  Phenol PhcS Active PhcS-Pyon-lacz 2 mmol/L [37]
2-phenylacetic acid-CoA PaaX Repress PaaX-Pyaa-0fp 10 pmol/L [22]

*: BTEX mainly includes benzene, toluene, ethylbenzene, xylene, phenol and nitrobenzene.
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S 1 Sl W RN SR BREAL) BB o T 2R il T LA
TER A I AAAE T AR AU A b 4RI, 1%
PR AT AEAR AL T #E— 20RO AE T
R A A AR KAS 5 o Zhao 450 2 1 J
INF AR 48 2 IR B e /R TE E. coli R H, Jfi%E
H TR I T TE S S e A b, AR A A I L
A FH AL B AR WAL IS o A R A
X AR HERAPERE RS 5 = RO (L5 AR IR 26
KPR AT 35 50 mmol/L . Zhang %5520 B 5 v (1)
Bl /N TE E. coli 2, WIIHWETHT
il LA B AT E Wy Ak 2 R A iR LR
P A FEL Ak 2% ) 107 918 FRL ZE 0.5-300.0 pmol/L . % B
4 2 % i (Sphingobium yanoikuyae) 1 45 45 —
2,3- XU 4 i (catechol 2,3-dioxygenase, C230)
HEALARIE AR, Liu 57E E. coli hRIXT
%, FEERAL R L E T E. coli 48
MO, FFA& T —Fh sy R0 A3 T 4
HL b 28 AR AR IR, % JLAS B Ao il R 80 o 1R 4
AL N, TSN BEAE 1-500 pmol/L Y [
NI LZE T o

22 FEEEZK. BEINEREIUNEY
& 2R & REIAIE

—2& MWCB DX 05 & A& ) HoA i
YERMTE RN IS B A0, X P BOR AR ARG 4E
Wik a5 5 Ja s Rl i A 59, s G
Ve FE b T AFRE HPIRAS , IX 25X MWCB 74k
LSRR R AR S g . LR A A=
2P BOT & —Frnl B BE M 75 G W) B RGN
— T 1A .

Liu PN T —Fa S 3 A
MWCB, 7] ¢ )5 58 8005 Qe il . Ak PR i It
HIS2 AR — RIVEY R AAT8EEE Tk
JR K Hh ) BB G K A BR A s Ak &4
TR T KA R B A AR s LAXT K
WA W I Y NahR A SHIICHE, BOE T e g
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T 7K A B2 K F 1 i BN T P, B T2 T B £T 1
¢ Jt 5 1 (monomeric red fluorescent protein,
MREFP)Z ik th G55 AR Hy TR b
A SIS RTE L, R T %A% s i gk —
AT, PR e fef 5 O 3045l NahR 3Rk,
F VB AN [F) ) A A 285 5 0 5 R T3 4l o B A
) FERTR AL, BRI A T BRRE 28 0.1 pmol/L.
5 AR TR K IR 0 A= VIR, 24
PR AR A ARG E I 1, B AR JE 3l 1 Prc B0
W, WK 5-RAREKmIR; fiKkY
MRoe ARG, AR A A TR, AAE
Nk — R BE AR TR R R AR A= KB
B A AL S R B [m1 g 1A CT P&
FIVE Ry e e e 8 K 2R 1 CedB i T
BRI, MK, CLUBHIE, M T
TR EARNRE; bk 2 2RTER
(controller of cell death protein B, CcdB)/PiH &
(controller of cell death protein A, CcdA)ZE 14
HH, CedA ALY CedB 4550 11 CedB
YERT, MKHRRAFAERT, NahR BTG CedA 3
BLUE CedB ki, WA, M, WIRH
FEKMIR , CodB MYRIA S FEAMFET-Y @
B X A L TR R, REAS S IAE A
FEATAME S R AR LT, A& IR AR I 2 W
HEATR BB IR . BEAR AN B S, BRI 2 T 3
S YME S T R (B 4).

H 1999 4 Weiss 44 i T2 55 v % 1
FI AL P P 2% A AR, I ful T RHLIE B 5 o K]
FBAT R B NOT (not gate)iZ 5[ 145, WF5E
AN BRI LT OR (or gate) . AND (and gate)
NOT. XOR (xor gate), NAND (nand gate). NOR
(nor gate)55 52 2R UL AL B4R [T 450 , 45 L H]
T2 2 UK R 5 TR [ i 7R 4 240 sl 2 0 £ St 1)
S, R BT MWCB #7301, F
AR AR, CRT Iz A TR R A
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Figure 4 Composition of microbial whole-cell sensors implementing genetic pathways for intelligent
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WSS L, R Jiang PO 2 4
TSI & T BUF (buffer), NOT, AND,
XL I) BE H, 4% (bifunctional circuit, BIF) X 4 Ffr
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BUF B4 | 21— 155 14 A S5 P,
PABHIE 2 [ PadR AN JOE R B, AN 24 75 5 R
(p-coumaric acid, CA)fF7ER], Al 5 28 f T 1R
(Bacillus subtilis) i) B & i 52 B (1) 5 21+ Ppac
Y5 eGFP WA BLEL ) MWCB A A 5 54 i ;
MARTEAEFRE IR, PadR 45478 padC )5 3h 1
X, #ifil eGFP ik, NOT 24415 BUF &4
FIAFRE, Y8 AGSE, 555 Rk
R, RZ A AR S0 E— A
o 5L KL B9 9F 19 Sz X RNA (antisense RNAs,
asRINA) FIH il I PR 7 SR %) 1) ¢ RNA (single
guide RNAs, sgRNA)E T Ppagc FIFEHI T, B
¥ BUF % MWCB /&, NOT % MWCB., fij
Kk, NETERTIRES, PadR i Ppagc, Ppadc
5 N Y asRNA/sgRNA A5 5%, eGFP Fikk
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WA ES; MBEEF SRR THE, T
VEBEMRBR , Ppace BEITE , asRNA/sgRNA A2
FIB LI eGFP Fik A 5¢0t. AND #45[]
) 2 AR 5 ) R — {5 S, Bk
MWCB 1) J8 I TG A4 17 FH 5 i 2 53 I8 241 B
RBPIRN Y BT, et B A I Bl T Ay 7 e
M7 Y BHIE 5% S I T 0 256 7 1 41 A i) — A
T, BRI TF Phyprige Jiang L%
P TetR 1 Lacl fHi&E K5 PadR 206 1l A %H
FHE AND %! MWCB, MHERAER TR
MU ZEB), PadR Al TetR HIfEFR T B G4
Phyboria FIAIHIVERT, Prypria 20 FHEIRAS, eGFP
RPOEES . BIF 24 ER—F5 A,
WG S B . YA e R R A, BUF
B Ppage B PadR M, Ppagc #21H1 F Y RFP
AFIE, T NOT B Ppage B PadR 1], Ppage
FEHI T B asRNA AFE5%, eGFP IEH Kik; 4
WP AE T BRI, BUF BT Poage ]
WifRER, RFP #ik, NOT f&H asRNA 4T
TEARAS I eGFP i A H 96155 (8 5),
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XA I PRI, 28 G E 8 B 1R UL R
Bl S B R IR A i@t 5] A QS B,
SNSRI, R RAR IR E 5
AT RN R AR S ASTl  r Xz —P7,
MWCB i it 5o G A 4 (B 26 15 490
Sk 1) 2 I W3R 55 oA LB R G A vk B He 25 P°)
ST BT SR b AG I B 5 rh BN B B (methy]
parathion, MP)AYH BE , 75 28 4 /24 (DmpR)
F A R (sfGFP /K fif i OPH)Z [A]5] A QS
B, YAEFE MP B, [ &K A 0t i
2K (p-nitrophenol, p-NP)AJ L1454 DmpR, A
T LuxI & B QS 155 4+ N-IE Ik 5 22 212 N iR
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[56]

(N-acyl homoserine lactone, AHL),AHL 5 LuxR
SR Ja T —0E sfofp F1 oph ik, H
OPH [%fift MP RIf=A B Z ) p-NP /EHT
DmpR, JE T ISR A IR, HEsRAL AR 55
By RSO o R AR IR AT RINAIR 2 0.1 pmol/L
FZEE A 1 pmol/L 4 p-NP (& 6A).

WA QS B, RMLEME St
fll MWCB 53802 i o i, o T s s
AR R PERE, WFIE A BLTE E. coli AT
—AEEAEAE luxt-luxR B2 458 [ 1% i A A= 9 1% J&
%, ELA SR 1% B MWCB Y R 8% FE A I
BRIl ) MWCB 1 R R & 20 1 MO R, I
A I FR g 0.1 pmol/LB (&l 6B).

Sun 2 OGFI] FF 2 B i 17 915 P F DmpR A
MR T, PodE DmpR 261k, DmpR # I HY
R SRR T dmp 195 3§ Parp (Po)5 GFP 41
HAERAE T, RIURB R TE 0-100 pmol/L
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ISP 0 7 R B REARARG 5 5 R B SR G A 2 T RA S RIFMAME R ZREAG IR
KL GRS, b ]E K 21> DmpR LU $ HEHAY 24> DmpR IR S5 S HE &, 154
E%E’J?‘J“JC?EAT —iE, AP 24 DmpR BHE  FEIRGEEBR IR RIRZ A GFP, KB 2

K A DmpR AR RBUE TR R 11T 9 %5 GFP X2 By A0 2% 8038 2 B4~ GFP ) 16 1,
IR BE S 0-100 pmol/L B, Mk AEE S GFP HAL B RAFILIE LR (B 7A). B

A B @ Asq
@ o ©

p-NP o —r—”
() MP l Low fluorescence

o
@
@] © P Activate
./\ = e = ey
€]

e .'[—'
»:9 ; Hiidiolvis ‘ High fluorescence
Activate g J Activate FUTO e J Activate . ..
= I Activate s »

Py / T P iosins P T .

P Juxi, ]

6 A QS B AIESH MWCB ™ A FIH QS RGN X A S W A 15 5. B F

F QS ZGei FOR i 4G 45 5
Figure 6 MWCB with QS module inserted to amplify signals’®®>?). A: Utilizing the QS system to amplify
the detection signal for p-nitrophenol. B: Utilizing the QS system to amplify the detection signal for arsenic.
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Figure 7 MWCB for designing genetic circuits to amplify signals[60'61]. A: The output signal is amplified by
connecting the sensing elements in series (left) or the effect elements in parallel (right). B: The output signal
is amplified by cascading the sensing elements in series.
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Tf HE P B 5 BRI, BT & R Ak 1Y
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TR AR B Pany LI arsR Rk K-k
S R IR 2 2 sy g s LR Ry Oy
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e, R RGN B4 R T 750 £5(1& 7B).
24 FAMEEMAERMANEERZFER
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Yy, SR U AL R . SR, KRR
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X s DR - AT IR e B M RN SR R A Xt
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FE M b R, 45 8 SR S AR IR A
IR REAR S, 3 UG ISR 5 T, A
T A 1 A ik DR R AR A e 1 B B AL A
Y, ot AR R R G, H LA L4
SR £

Ogawa ZEPNg XylS 1EMEALHE, A
T RO P R SR R R, R R
SR XylIS e iz 49 DA ] FH 28 R R 2 46t ok Xof
HER TR 5 Y BRIE p e (] FBE R R R I
XylS H5zZ454, BIEHERNEZIF Pem, Pem
EH AT ERERm N bla #ik, FHIA
R 24 MR B ) H R R 45 5 e 1k
) XylS ZRARK . SRR BHPE B R A2 9 XylS
G ARTE B A ATAT A0 A P s P 50 Jo R s
ol s, WM IE T PR A R Y ik
fih b, SIATHEEAL T P #5461 BOBRHE B 5L
SR TetR, [AIEFHEE TetR AR IE RS 8T Pret
Il P PG A B R DUV cat WITHTE TetR
R HEF R IR Y XylS 454, Pemfi
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PG ZRIE Bla Al TetR, TetR HE— ] Pugy,
i cat ik, METRARF IR X2 N E R
AT U Y P A XyIS G, Bla
Fl TetR AEKIL, PeJisiFHEERINIG, 22 cat
IEH 2Rk, PERTIZ T R e IR o 2 7 8 R Uk
MEAFRMZY . XANEERFERGEMHE R AT
SR XyIS 28 AR )1 32 40 i A RE i 1 X R
R, HABHERR TCTE T A 1 iy 3 A T 1 )
XylS FRARA s 3P v 1 H ok 1 2 A5 fA vt ] B
FEH R LA RV, W B R R LA R
FRRRE , RIS FEIZE 1-100 pmol/L*Y (1] 8A).
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Figure 8 MWCB based on dual selection system

[64-65

1. A: The dual selection mode of antibiotic resistance

genes screens for specific transcription factors that respond to a single compound. B: The dual selection
mode of antibiotic resistance genes is used to differentiate specific transcription factors that respond to

different types of compounds.
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