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Abstract: Whole-cell microbial biosensors with engineered genetic circuits constructed based on the concept of
synthetic biology is an important branch of the biosensor. Whole-cell microbial biosensor is mainly composed of the

sensing module, the computing module and the output actuating module. It can sense the concentration of specific
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substances in the environment and then transfer it to specific signal outputs in time according to certain rules, which
shows great potential in bioengineering process control, environmental monitoring, food safety, environmental quality
monitoring and disease diagnosis and control, etc. With the improvement of various technologies in synthetic biology
and the enrichment of genetic elements, more and more whole-cell microbial sensors based on different response
mechanisms, different logic gates and logic circuits have been developed. However, the design and construction of
genetically engineered whole-cell microbial biosensor still mainly rely on the empirical method of trial-and error-
learning. Therefore, how to design and construct high performance genetically engineered microbial whole-cell
biosensors and how to tune its response curves by optimizing genetic elements or circuits to meet the detection
requirements of different practical application scenarios is the new and important challenge. Here we reviewed the
principle, classification and development process of genetically engineered whole-cell biosensor. We also focused on
the design and construction of genetic circuit based on transcription factors and riboswitches, discussed optimization
strategies for improving biosensor detection performance including dynamic range, specificity and working range, and
then summarized its application progress in different detection fields. The optimization strategies are mainly involved
in changing the expression level of genetic elements, adjusting the binding affinity between metabolites and genetic
elements, restructuring the position of functional domains, etc. Finally, some challenges, such as biological safety,
cumbersome design and construction, and inconvenience to enter the sensor market were discussed. It is expected that
emerging technologies such as artificial intelligence, synthetic biology, and droplet microfluidics, will accelerate the

development of genetic regulatory elements and the design and construction of novel biosensors.
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Fig. 1 Classification of whole-cell microbial biosensor

Signal input: metabolites, environmental change, pH, light, temperature. Signal conversion: O microbial biosensor for electroactive substances,

@ microbial biosensor for respiratory activity, @ fluorescence resonance energy transfer biosensor, @ microbial biosensor with genetic circuit.

Signal output: electron, fluorescence, colorimetry, bioluminescence that can be detected by electrochemical workstations microplate reader system.
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(biosensors invention, environmental pollutants detection, logic gate design of genetic circuits, dynamic control in fermentation process, disease diag-

nosis, Transcription factor database, artificial intelligence prediction model.)



1066

BRENE $£35

factors, TFs). #ZMEHF % (riboswitches) L& X 4H
e 5 T 24 (two-component system, TCS)
5o 3 T Ly AT I i R R B T 4R
T AR I K A DG JE R, ER SRR B B s R
E o AN E EA RN W BT R SR
A28 T 5% A o 25 R 7 2 A1 (] 2 2 4 40 o 4 A 40
B IR B B

21 HRHMEYERSENESIRESER

HRETAEDEREOE TR 5 %
B S DR 1 R 4 S A 2 H AT TS N o
Wk D [ B AR T, R s R A
K145 & A7 /5 (transcription factor binding site,
TFBS) Az T (3D, Fxi 1 BEAmA
Dy Bed . Hc 4K 45 & 3 (ligand-binding domain,
LBD) #1 DNA 45 & 8 (DNA-binding domain,
DBD) . A% & oy oo A5 5 S osish,
RIE VAR NR RS Z R, SEREEEETD)
K. DNA &5 &3NS 5, w55
T8 AL RIS AR LA A HT AT R S R R
DNA &5 &30 B 5 1 sl s ilb A 5%, — 8o,

2.1.1

bk A

TEWIEIAR R T DNALG A Z A ENFHC
uig U, B SR T 45 A AL SR — BURRRR ) DNA P
Hl, @ BAXNME, ZAEEEESME ST
B o W% R 7 45 A AL s G BUE 3 T8 5 A
) A3 B AN R R 0 e 5% IR 72 A o L () AR T
ST DR 7 11 2 01 A ) A S 2 A T SRS

EMARFEAE G OL N, H Wk 4 A
1% ) DNA 45 G i 284k, B sl & 5 3)
T BB R T A A s, A A A B %R 1A
5 RNA A5 3 207 1 45 6 W0 508 i) 5 5%
M AE 5 . EU A B, AR
Vg 7 3 R - B0 2 (e B AT R A, @ I RNA
5 2 8] A PHL A5 S A e U RNA RE A WL 3 1
) BE R R IA, AT EAT ON AT OFF AR 25 1 %%
o, RIS R K, FE T LR L
JRAR I Z AR T

2002 = LAR, B i s - I A AL RN
AT AT A, [ AN ST TS BT X S5 DR T R S
A 45 & AL UK B s EAT USCER « B o AT, B
SRR 7 A R EHE B, 4 TRANSFAC. PAZAR,
JASPAR. TRRD %, JN3& T 5 3 [K 71 5 (1) 4 4
LG A ) A T B e TH I R AR R IR SRR Rl . &4

TEFNH A 2 DNA 45638 2 A7 T 3 36 R 11 N g WA AT RS Th I R 7 R B R
OFF fri ON
e
RNAR &8 ®
-y s =
X\
= A, |
AR a
() S B S R ) 3 R [ %
(a) activated gene circuit based on TFs
ON fau OFF
™
®
RNAZE & 3 —>

e i HE R

C —
X
=

(b) ] BUKE T LR 7 (K] (1] 2%
(b) inhibitory gene circuit based on TFs
B3 BT s IR 7 A 20 G A ) A et A s i
Fig. 3 Construction principle of whole-cell microbial biosensor based on TFs

[Transcription factors (TFs) preferentially bind to ligands and induce conformational changes in the DNA binding domain (DBD). TFs, via their
DBD, recognize and bind to a particular DNA-regulatory sequences called binding sites. This may result in increased or decreased reporter gene tran-

scription by promoting or blocking the recruitment of RNA polymerase.]
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Fig. 4 Construction principle of whole-cell microbial biosensor based on riboswitches

[Regulation by riboswitch. The riboswitch binds with a metabolite (a) to breaks formation of a terminator hairpin, leading to promote transcription of
the reporter gene; (b) to activate translation of a reporter gene via its conformational change; or (c) to stabilize mRNA by blocking cleavage site in
mRNA, leading to active translation of a reporter gene.]
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Fig. 5 Response curve of whole-cell microbial biosensor
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Fig. 6 Optimization principles of whole-cell microbial biosensor response performance

(The major impact factors of the performance of whole-cell microbial biosensor include the binding affinity of metabolites to TFs or riboswitches,

and TFs to operators, functional domains position, TFs expression level, promoter strength, plasmid copy number, efc.)
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Fig. 7 Design of logic gate in whole-cell microbial biosensor
(AND, OR, NOT, NAND, NOR gate design and signal input/output change.)
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