2 WEAER

- HHARESHE - BIOTECHNOLOGY BULLETIN 2024, 40 (6) :114—125

ETERETFEMERSZSENMR ST HRINH

N 1 — 22 3 3 s 1
kb R Fma EBEMAE B T —
(L RIERFAEMEERE, KE 116622 ;5 2. hBHAO KR FFI4Fe, L 110866 ; 3. JUE T AFAH AR IT Bk il %8 & 5 IR RL 2= 5% T
WO e AR A T E S S0 =, dbat 100054)

W E. HEXRFR—EESMETIELI] T RNA RS 4E DNA B9 &6 A AR ARG RO, HFRETLEME
ENARARFEIRTH R TZATRES, THE RO RWIRFTEANR P GBS T AR 3B FAE A 3250 0 2 A 1% 2
KREIFERANETHFRRRZGESS, TEMKR, Raf kIt F TR R B AR MERS T BB E SHOER RS, &
THERFHEGAMERE (TFBBs), FEZHESG ., KRR, MRAREAZ T 2 A TG B FRE, ERIESIARE T
HERBRA#HN, XPEHEENLT TFBBs 95 BAR R ER | S AMHERF TERE, FIRTEETLESE T . FAERLESWA
WA FFRFEFT LN Py m AR, £ L3 T TFBBs £ IR0 Fdha ) o 77 4 @ 16 a9 PLIB A X, STt & R A 3%
HAITTRE, MBEREDNF . ATHRF S FHI RN FHik LRI TFBBs A TRt foth Bk sk 42, 4 mm T2
EROLTEE

KR . HFIRT AUER RESN ; E2EE T FhERKESY ; A X

DOI:10.13560/j.cnki.biotech.bull.1985.2023-1184

Application of Transcription Factor-based Biosensors in Environmental

Analysis

ZHANG Di' JURui' LILi-mei’ WANG Yu-qian® CHEN Rui’ WANG Xin-yi'
(1. College of Life and Health, Dalian University, Dalian 116622; 2. College of Sciences Shenyang Agricultural University, Shenyang 110866;
3. Beijing Key Laboratory of Occupational Safety and Health, Institute of Urban Safety and Environmental Science, Beijing Academy of Science
and Technology, Beijing 100054 )

Abstract: Transcription factors are a class of proteins that regulate gene expression in cells by directing RNA polymerases to bind
to specific DNA sequences. Transcription factors, as important regulatory proteins for prokaryotes to adapt to the natural environment, can
specifically sense ligand molecules in environmental media. By coupling with different signal transduction and amplification systems, biosensing
systems with transcription factors as recognition elements can construct flexible sensing strategies in whole-cell system, cell-free system and
in vitro reaction systems. The transcription factor-based hiosensors ( TFBBs ) have the advantages of high sensitivity, small size, low-cost,
and on-site monitoring, showing great potential in the analysis of environmental pollutants. This paper introduces the reaction system types,
core component compositions and working principle of TFBBs, as well as lists their application progress in the detection of environmental
pollutants including heavy metal ions, aromatic compounds and antibiotics. On this basis, the opportunities and challenges for TFBBs in the
detection of environmental pollutants are discussed, and the development trend of TFBBs is prospected. It points out that the rapid development
of interdisciplinary emerging technologies such as synthetic biology and artificial intelligence will promote the artificial design and sensing
performance improvement of TFBBs, making them applicable in a wider range of fields.
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A: Schematic diagram of biosensor structure; B: schematic description of

transcription factor activation and repression mechanisms
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Fig. 1 Principle of transcription factor-based biosensors
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Table 1 Detection of heavy metal ions by transcription factor-based biosensors
i m SRR T / G0 OB JF- & & Ie Lisall]AS E= BTN
Heavy metal ion  TFs/families Reaction platform Report component Limit of detection Reference
K Hg (11) MerR/MerR EiliNas mCherry 0.1 nmol/, [33]
N as GFP 4.4 nmol/l, [24]
el IS RFP 1 mg/kg [32]
TN 3WJdB 0.5 nmol/L [40]
UM sfCherry3C 2.24 pmol/LL [41]
CadR/MerR YT GFP. RFP 0.01 pg/mL [34]
& Cd (1) ZntR/MerR 1Q08 4 F-& sGFP 35 nmol/L [42]
A5 eGFP 1000 nmol/L [43]
YT Lux 100 nmol/L [44]
MerR/MerR AN GFP 283.9 nmol/l, [24]
el VS IE] eGFP 3 umol/L [45]
CadC/ArsR/SmiB 1U2W  24ifIE& GFP 10 pg/ml [46]
CadR/MerR YT mCherry 0.1 pg/mL [47]
ZntR/MerR 1Q08  &4iETrf GFP 5 umol/L [35]
fift As (111) ArsR/ArsR/SmiB 1R23  ARIE0y Ik sh Lac Z 8 ppb [48]
ArsR/ArsR/SmiB AT GFP 0.1 pumol/I, [36]
CadR/MerR Bl IN s GFP. RFP 0.01 pg/mL, [34]
i Cu (11) CopR/CopY Eoe ) IR RFP 24.3 pmol/L [49]
CueR/MerR 1Q05 &4 Fa eGFP 0.08 pmol/L [50]
CusR Y5 GFP 12 pmol/L [36]
# Zn (11) SmiB/ArsR/SmiB IR23  24ifEFa eGP 1 pmol/L [51]
ZniR/MerR 1Q08  &4iiuF& GFP, mCherry 5 mg/L [52]
MerRZntR/MerR SAT-H eGFP, mCherry 10 pg/mL [53]
Y- 7 Lux 0.03 mmol/L [54]
B Ph (1) CadR/MerR Eoe ) IR GFP. RFP 0.01 pg/ml, [34]
MerR/MerR Eoe ) IR GFP 39.6 nmol/I, [24]
PhrR/MerR YT BEWE A R Indigoidine synthetase 0.065 mol/L [55]
TCHMLT- 6 3WJdB 0.1 nmol/L [40]
LA EACRES 2.93 nmol/L, [56]
# Sh (111) ArsR/ArsR/SmiB 1R23  24ipEF& eGIP 0.25 pmol/L [57]
N (1) RenR/CsoR-RenR SAT-H Lux 80 nmol/L, [37]

(POPs) M4 THi4 (EDCs), ™= g i A 2
e 24 0 TR B RS W TFs &
W 0] 43 3 25 . XylS-AraC. NahR-LysR Fl XylR-
NirCo fEREmS S B AEL AR AL . Sun %511
DmpR 15 IR BN TT 1, eGFP E e 4t ok,
Wk DmpR H B eGFP J BRAR Xk 2 1 P Rl B
FESER AT, S0 E B — [l B =0 9 £ 16 £5 1
RS ZAEIRESATLE 12 h PSS AL R 2E
2.4- ZHUURW AR L 2- ORI AF 6 RIS 4.

ZAE IR 2385508, HARU e AR T SR [
F AR P ] 22 1 AR LA . 2808 % R
KGRI T, B2 S Qs 2 Ak ok
Wlg, WG T SalR B NahR WK RE S
WOR R IR Bk 1, Sun 251 BT bR,
B RENS A S 2 F A TR A Y = 5 SalR #2490
TR I SO R LA G, il
TR YEIES, KR R 2 5 E

o
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VLRSS X PR, B R e T HES AL, ek
1% 67 830 i B fix & AR F 5 S K 1 Umﬁkﬁﬁ
HARMIEA T i SRR . 107 SRR IE

4.3 A ZF ek

PrA RIG YE— AR, X NS e
Al 2B 7 R A W Ak R R O T R T
ARN TFs lHE S SR A LE A FRE, W
TetR Z % ) TetR . ActR. MphR 45 £ 8 54 %
Uk Mgt /Ny T it is B TR SRR A O, TR
R B TCA R DU IR R R KA N RSB R . 7
% SR WS )5 T, Chern 45 17 JEF TetR 2 7 —Fh
TFBBs, A9 24k 145 AL R 5 i 5 5 A0 1Y)
BUR R ER M %, TetR B4l 2 SRR T S 06k
&4 é%m%@ﬂ%%é,i¥ﬁMﬁ%%
B EYR, W e, PR TR R IR 6
nmol/L, TiIﬁIﬂz%ﬁ‘ﬁ*A{m' #% . BUALER. WEVEER
B URACYR, B A I AR R i R . )
— T TAEH, Zhang % ' Mg T — Rl T AEM) O
() JC 4Nl TFBBs (eBLUE ), F|F TetR ¥ F i 4%

XPR TS e AR R BT R R A R 8 RNA JPANBESN IS %, VR G A DO R
X (F2) Bt sc g, Il m i ATV A, AI7E 15 min
F2 ETEREFHENEYERSENETERL SR
Table 2 Detection of aromatic compounds by transcription factor-based biosensors
WETEY) B T 1 G DB AR S otk R E=P G
Aromatic compound TFs/families Reaction platform  Report component Limit of detection ~ Reference
IR BenR/XylS-AraC AT SfGFP 1 umol/L [65]

TeA - GFP 217028 nmol/L. [ 66 ]

5 DmpR/XyIR-NirC SKBE AN RS ATP [ 0.3 ppm [67]
SR DmpR/XyIR-NtrC LY Lac 7 100 pmol/L, [68]
FIEE DmpR/XyIR-NtrC A& eGFP 2.5 ppb [60]
iEFS XylIR/XyIR-NtxC 4FF4 EHIIT-& POLRM 1 pmol/L, [69]
2,4- AL XyIR/XyIR-NtxC YT GFP/lux ~umol/L [70]
XylRv17/XylR-NtrC A& YEICE T NacZ [71]

2- 4L 3 4. —HIEE HbpR/XyIR-NuC AT YR 10 nmol/L, [72]
ES] MopR/XyIR-NirC 5KBE RN as) PR 1 ppb [63]
4- G HEIE Dm01/Dm12/XylR-NteC - ) IRaE) RFP 10 pumol/L [26]
VI 7] SAR2349/NahR-LysR 4EMO TCAHET-5 3WIAB PEGERLA /SIGFP ~umol/T [18]
g Sigts SalR/NahR-LysR Bl INaE] DS/ 0.01 pmol/L. [62]
%5 NahR/NahR-LysR Y4 PO E 50 nmol/L [73]
KA CmeR/TetR A& eGFP ~umol/L [74]
FFHAA QacR/TetR/CamR 1JT0 T4 3WJdB Z¢ e it A ~umol/L [18]
A LR MarR/MarR 1JGS el SIS yEGFP ~ fmol/L [75]
IR BIdR/MarR 313X i IN e eGFP ~pumol/l, [76]
3- BREZEHTR MobR/MarR A7 3WIdB O BLtd / - [18]
E A HEN ArsR/ArsR 6J05 AT GFP 1 pmol/L [77]
IR ER PdhR/GntR YT yEGFP ~ fmol/L [75]
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P SEBAR v DU A 2 2T R 2R I PR EORS i o 1, K
M BRA> 514 45 nmol/L A1 7.3 nmol/L.
FFPUERKM A EE M, BORBZ K TFBBs
W k. B RERN—FBK AR, FEEL
B Bk shiz o =C A ik g, s T e
T P R 0 SR AR T Miiller 25 1 LR A
T MphR 1E IR AICHE, 1A s b g L AW X215
Z TSR AL IS Y MphA B 11, Br4r a8 Zaliki
AN 1B WA S N P G L T == VAN i
FRAK 22 13 nmol/L, 7E /=y 8 5t 1 22 B2 Wi J7 1fi, Li
2 U8 P B A PCR 0 R, AR T3 107 4
TetR ZRAFRISCIEE, Zead 2 6@ mdEAL i, 45

H TerR 28751 epS2-22 1E AR BIICIES SfGFP HE1 7
ke, XWHE, &HE. LHRREF7TMIAERY
K PR L A U 4-62 7%, fERRER VR B R
Ry TR B UL S T RE . AL, IRSME A R
WL 2K . Cao % M it T —FhIE T4 N 1
(R T DNA B (555 240 (aTF-NAST ), FIH
DNA §" 1 R (RT-qPCR. RCA #1 RPA) fE W15
SRR, WA T R R Y E R, Hp
L RPA 1E R {554 AR ) R U S5, AR A
0.005 nmol/L. H1A] WL, TFBBs /f —Rh 2 5% Fafd
TR S RGN TF- B, FEFRBE T AR R AG I 490358 .
AHE R E R (£3),
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Table 3 Detection of antibiotic by transcription factor-based biosensors

bk # SEINF /KW PDB SR He ook iRl E= PN
Antibiotic TFs/Families Reaction platform Report component Limit of detection Reference
PUFREE TetR/TetR 1QPI Rl P D) il POHEL 25 nmol/L [85]
YT EGFP Fll mCherry 0.1 ng/mL [86]
aTF-NAST RPA 0.005 nmol/L [11]
TCAMLT- 5 POLIE AL ~125 nmol/L [18]
TN & G- DUBEIA 18.08 ng/mL [87]
THIEF-& PGB R A 10 nmol/L [88]
TCAMF- & CRISPR-Cas12a [89]
TN POLRM 45 nmol/I, [81]
JBE /K DU R QD-FRET HeFEHE 6 nmol/L [80]
QD-FRET e R 80 nmol/L [90]
I P LANT-A yEmRFP 03 pg/mL [o1]
KA 62 Yo R A ~0:2 pmol/L [18]
O ActR/TetR 3B6C M - [92]
B - 3FRQ AN 2 SHTER I =125 nmol/l 18]
e ES el IN S GFP [93]
LIER AN GFP 13 nmol/L [83]
KA & DG e (A ~2.5 pmol/L. [18]
TAT-& peE i 7.3 nmol/L [81]
PR TCAHE- & POGERCA ~2.5 pmol/L [18]
P23 85 3R YOG L A PEGE R4 ~2.5 pumol/L [18]
BRAGE Kol IS S POLEM [94]
ka5 Kol IS S POLEM [94]
R Kol IS S POLEM [94]
WP MphR/MphR 6U18 M GFP 1 pmol/L [95]
TeAn M- D i LN ~2.5 pumol/L [18]
TR CteS/MarR TIN5 POLIE ALk ~125 nmol/L [18]
Ed ] AmpR/LysR ElUs ey mCherry 8 pg/mL [96]
e M mCherry 40 pg/ml [96]
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